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ABSTRACT 

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

b a b i e s , was i n v e s t i g a t e d . P r e v i o u s r e s e a r c h e r s h a v e a s s u m e d t h a t t h e 

c e n t r e o f t h e p u p i l r e p r e s e n t s t h e l i n e o f s i g h t . I t i s s h o w n , b o t h 

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

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

l:y n e w b o r n b o b i c s t:o f i x a t e b i n o c u l a r l y . B i n o c u l a r f i x o t i o n by Lhc 

n e w b o r n v;as d e m o n s t r a t e d , b o t h t o s t i m u l i p r e s e n t e d a t d i f f e r e n t 

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

• i n s t a n c e s w e r e f o u n d i n w h i c h n e w b o r n s w e r e n o t c o n v e r g i n g , ' i t i s 

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

b i n o c u l a r l y , a n d t h a t t h e y , w i 1 1 d e m o n s t r a t e t h i s a b i l i t y when an 

a p p r o p r i a t e s t i m u l u s i s p r e s e n t e d . 



I I I 

. CONTENTS-

A c k n o w l e d g m e n t s . . . . . . i 

A b s t r a c t i i 

C h a p t e r 1 : 1 . I n t r o d u c t i o n 1 

2 , M e a s u r e s o f v i s u a l a t t e n t i o n , a n d v i s u a l p a t t e r n 2 
p r e f e r e n c e s 

3 . V i s u a l a c u i t y , v i s u a l p u r s u i t , a n d a c c o m m o d a t i o n 6 

k. D e t e r m i n a n t s o f i n f a n t v i s u a l a t t e n t i o n 10 

5 . C o n j u g a t e e y e m o v e m e n t s a n d b i n o c u l a r f i x a t i o n 14 

6 . D e v e l o p m e n t o f t h e c o r n e a l r e f l e c t i o n t e c h n i q u e ' - 21 
f o r u s e w i t h i n f a n t s , a n d a s s o c i a t e d r e s e a r c h 

f i n d i n g s ' . . 

C h a p t e r 2 : THE CORNEAL REFLECTION TECHNIQUE: TESTING SEQUENCES' 2 8 
WITH ADULTS 

A p p a r a t u s , p h o t o g r a p h y , a n d p r o c e d u r e 28 

T e s t i n g s e q u e n c e 1 33 

T e s t i n g s e q u e n c e 2 ' - 3 8 

T e s t i n g s e q u e n c e 3 kG 

T e s t i n g s e q u e n c e k . , ' ' ^ 7 

T e s t i n g s e q u e n c e 5 ' ^ 7 

T e s t i n g s e q u e n c e 6 ^ 9 

T e s t ! n g s e q u e n c e 7 51 

C o n c l u s i o n s . 5 ^ 

C h a p t e r 3 : THE CORNEAL REFLECTION TECHNIQUE: 56 
EXPERIMENTATION WITH NEONATES 

S t a t e m e n t o f a i m s ' . • . 56 

i n i t i a l t e s t i n g s e s s i o n s t o e s t a b l i s h a p p r o p r i a t e 5 9 
p h o t o g r a p h i c p r o c e d u r e s -

E x p e r i m e n t 1 : A s t u d y u s i n g a s m a l l l i g h t 
a s . t h e S t i mu l u s 

61 

E x p e r i m e n t 2 : S u b j e c t s w e r e shown a s e r i e s 63 
o f h a l f - i n c h w i d e , w h i t e v e r t i c a l s t r i p s 



1 V 

E x p e r i m e n t 3 : R e s u l t s were, taken f r o m Ss v i e w i n g 
a h a l f - i n c h w i d e , v e r t i c a l a r r a y o f l i g h t s , 
p r e s e n t e d i n c e n t r a l a n d i p s i l a t e r a l p o s i t i o n s 

A p p a r a t u s c h a n g e 77 

E x p e r i m e n t k: An a r r a y o f l i g h t s was p r e s e n t e d 80 
t o u p r i g h t n e w b o r n s , i n c o n t r a l a t e r a l p o s i t i o n s 

C o n c l u s i o n s 82 

C h a p t e r k: CAUSES OF THE D I S P A R I T Y OF THE PUPIL CENTRE FROM 8 8 
THE TARGET POSIT ION 

C a l c u l a t i o n o f t h e p u p i l c e n t r e d i s p a r i t i e s i n 8 9 
a d u l t s : 
1 . T h e a n g l e a l p h a 

2 . P r o j e c t i v e d i s t o r t i o n 92 

3 . O b l i q u e a b e r r a t i o n 

k. A s p h e r i c i t y o f t h e c o r n e a 98 

5 . T h e e f f e c t o f h e a d m o v e m e n t s . 9 8 

C o n c l u s i o n 100 

C a l c u l a t i o n o f t h e p u p i l c e n t r e d i s p a r i t i e s i n 
n e o n a t e s : 
1 . T h e a n g l e a 1pha ]0k 

2. P r o j e c t i v e d i s t o r t i o n - I 0 8 

3 . O t h e r e f f e c t s 109 

D i s c u s s i o n : i m p l i c a t i o n s f o r p r e v i o u s r e s e a r c h 110 

C h a p t e r 5 : OBJECTIONS TO THE REPORTED F INDINGS 117 
A c o n s i d e r a t i o n o f p o s s i b l e e r r o r s i n t h e 
p r e s e n t a t i o n o f t h e m a g n i t u d e s o f t h e p u p i l 
c e n t r e d i s p a r i t i e s f o u n d . 

C h a p t e r 6 : BINOCULAR F I X A T I O N IN THE NEWBORN: RESPONSES TO 129 
ST IMUL I AT DIFFERENT DISTANCES 

S c o r i n g a n d a n a l y s i s o f t h e f i l m r e c o r d s 130 • 

E x p e r i m e n t 5 : S t i m u l i p r e s e n t e d a t v i e v . ' i n g 133 
d i s t a n c e s o f 5 , 1 0 , a n d 20 i n c h e s . A b l a n k -
f i e l d c o n t r o l t r i a l was i n c l u d e d i n e a r l y 
e x p e r i m e n t a l s e s s i o n s 

E x p e c t e d c h a n g e s i n t h e s c o r e d • o p t i c a 1 135 
d i v e r g e n c e o f t h e e y e s w i t h c o n v e r g e n c e t o ' 
s t i m u l i a t d i f f e r e n t d i s t a n c e s 



E x p e r i m e n t 6 : O c u l a r r e s p o n s e s t o a s m a l l ]k5 

1i g h t m o v i n g . i n d e p t h 

E x p e r i m e n t 7 : C h a n g e s i n t h e s c o r e d o p t i c a l 152 
d i v e r g e n c e o f t h e e y e s t o s t i m u l i p r e s e n t e d 
a t 10 .and 20 i n c h e s f r o m t h e S s ' e y e s 

E x p e r i m e n t 8 : D i f f e r e n c e s i n t h e mode o f . I 6 l 
f i x a t i o n a d o p t e d by n e v / b o r n s v/hen p r e s e n t e d 
s t i m u l i a t 5 a n d 10 i n c h e s ; f u r t h e r c o r r m e n t s 
o n t h e n e w b o r n ' s a b i l i t y t o a c c o m m o d a t e 

D i s c u s s i o n 1/0 

C h a p t e r 7 : BINOCULAR F I X A T I O N IN THE NEWBORN: RESPONSES . I 7 3 
TO DIFFERENT S T I M U L I 

E x p e r i m e n t 3: B i n o c u l a r , a n d o t h e r , f i x a t i o n l y i t 

o f a l a r g e t r i a n g l e a n d a n e d g e 

E x p e r i m e n t 10 : A l o n g i t u d i n a l s t u d y o f o n e 
b a b y , s e e n u p t o 6 w e e k s o f a g e . 

E x p e r i m e n t 1 1 : B i n o c u l a r , a n d o t h e r , f i x a t i o n 
o f a v e r t i c a l s t r i p , a t r i a n g l e - a n d - s q u a r e , a n d 
a n a r r a y o f f o u r s q u a r e s 

181 

189 

20k 

206 

2 0 6 

D i s c u s s i o n 

C h a p t e r 8 : SUMMARY AND CONCLUSIONS 

1 . I n t r o d u c t i o n • 

2 . Summary 206 

3 . C o n c l u s i o n s 2 10 

k. I m p l i c a t i o n s f o r p r e v i o u s r e s e a r c h 2 1 6 

5 . S u g g e s t i o n s f o r f u r t h e r r e s e a r c h 

B i b l i o g r a p h y 

220 

22k 



i 
CHAPTER 

1, INTRODUCTION U n t i l r e c e n t l y , at tempts to e v a l u a t e the perceptual 

a b i l i t i e s of the newborn baby have been hampered'by the absence of 

r e a d i l y a v a i l a b l e r e s p o n s e ' m e a s u r e s . However, s i n c e about I960 an 

i n c r e a s i n g number of responses has become measurab le , and a growing 

number of s t u d i e s use neonates as s u b j e c t s . An understanding of e a r l y 

p r o c e s s e s of p e r c e p t u a l development and c o g n i t i v e growth can only be 

ga ined by a d e t a i l e d s p e c i f i c a t i o n of the i n f a n t ' s v i s u a l w o r l d . The 

s imp le q u e s t i o n s that have been asked a r e , what i s the nature of the 

i n f a n t ' s v i s u a l wor ld and what a r e the dimensions of s t i m u l a t i o n that 

mediate p r e f e r e n c e s f o r some forms of s t i m u l a t i o n over o t h e r s ? S i n c e 

t h e r e i s l i t t l e chance f o r l e a r n i n g to have o c c u r r e d in the per iod 

s p e c i f i e d as newborn (from ,0-10 days of a g e , ' i . e . , the time u s u a l l y 

spent in h o s p i t a l from b i r t h ) , i t may be assumed that d i f f e r e n t i a l 

a t t e n t i o n to s t i m u l u s o b j e c t s r e f l e c t s inna te perceptua l a b i l i t i e s . 

A major s t e p towards an unders tand ing of the v i s u a l percept ion of 

the i n f a n t was the development of a s imple cornea l r e f l e c t i o n technique 

f o r measur ing v i s u a l f i x a t i o n s ( F a n t z , 1956) , The r e s e a r c h embodied 

in t h i s t h e s i s a r o s e from c a l i b r a t i o n runs w i th a cornea l r e f l e c t i o n 

method which can be seen as a d i r e c t e x t e n s i o n of the method suggested 

by F a n t z . 

E x c e l l e n t reviews of r e s e a r c h in to the v i s u a l c a p a b i l i t i e s of the 

newborn and young i n f a n t can be found in Hershenson (1964. 1967) , 

Kagan (1970 ) , and Bond (1972 ) . Consequent ly , a comprehensive l i t e r a t u r e 

rev iew w i l l not be p resented h e r e . In t h i s c h a p t e r , mention w i l l be made 

of r e s e a r c h that i s d i r e c t l y r e l e v a n t t o , o r has d i r e c t l y i n f l u e n c e d , 

the r e s e a r c h presented l a t e r in the t h e s i s ; the conc lud ing s e c t i o n 

o u t l i n e s the r e s e a r c h a i m s . . 
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2 . MEASURES OF VISUAL ATTENTION AND VISUAL PATTERN PREFERENCES One way 

of i n v e s t i g a t i n g the i n f a n t ' s perceptua l a b i l i t i e s i s to measure 

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

v a r y i n g a long some s p e c i f i e d dimension ( fo r example, wavelength , s i z e , 

amount of c o n t o u r , number of e l e m e n t s ) . For d i s c r i m i n a t i o n s to be 

m a n i f e s t e d by the neonate a f u n c t i o n a l , a l b e i t immature, v i s u a l system 

I s n e c e s s a r y . Hershenson ( 1 9 6 7 ) , rev iewing the a v a i l a b l e e l e c t r o 

p h y s i o l o g i c a l e v i d e n c e , concluded that the re I s " l i t t l e doubt that 

the v i s u a l system I s i n t a c t and f u n c t i o n a l a t b i r t h . " (p329) . 

S t i r n l m a n n { ] ^ k ; c i t e d In F a n t z , I 9 6 I , and Bond, 1972) held 

c a r d s up to the eyes of I n f a n t s 1-14 days of age and observed that they 

" p r e f e r r e d " ( I . e . , spent more time looking a t ) pat terned ca rds over 

p l a i n c o l o u r s . In p l a c e of unaided o b s e r v a t i o n the method of record ing 

v i s u a l f i x a t i o n s that has been most o f t e n used I s that of Fantz (1956) . 

Two s t i m u l i , A and B, a r e p r e s e n t e d , u s u a l l y some 10 to 15 Inches above 

the sup ine I n f a n t ' s e y e s , and a smal l o b s e r v a t i o n hole i s located 

between the s t i m u l i . The s t i m u l i a r e s u f f i c i e n t l y w e l l - l i t that they 

can be seen r e f l e c t e d from the cornea of the e y e s . To quote Fantz : 

"when the eyes a r e d i r e c t e d toward an o b j e c t , the image of that o b j e c t 

o v e r l a p s the pup i l as viewed through the o b s e r v a t i o n h o l e . T h i s 

o v e r l a p of r e f l e c t e d Image and pup i l i s the c r i t e r i o n of f i x a t i o n , " 

(1956, p]k). The s t i m u l i , A and B, a r e presented an equal number 

of t imes to l e f t and r i g h t (to c o u n t e r a c t p o s i t i o n p r e f e r e n c e s ) and i f 

one I s s i g n i f i c a n t l y p r e f e r r e d to the o t h e r t h i s may be used to i n f e r 

some percep tua l s t r u c t u r e . Thus " , , , I f an in fan t c o n s i s t e n t l y tu rns 

i t s gaze toward some forms more o f t e n than toward o t h e r s , i t must be 

a b l e to p e r c e i v e form." ( F a n t z , I 9 6 I , p67 ) . Another method of 

i n v e s t i g a t i n g p r e f e r e n c e s u s i n g t h i s cornea l r e f l e c t i o n technique I s 

s e q u e n t i a l r a t h e r than p a i r e d p r e s e n t a t i o n of the s t i m u l i . 
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While the amount of t ime spent looking a t each of the s t i m u l i 
has been the commonest dependent v a r i a b l e in t h i s c o n t e x t , d e r i v a t i v e s 
of the t o t a l f i x a t i o n time have been used by some i n v e s t i g a t o r s , fo r 
example , longest f i x a t i o n , length of f i r s t f i x a t i o n , number of 
( d i s c r e t e ) f i x a t i o n s , l a t e n c y to f i r s t f i x a t i o n , ( L e w i s , Kagan and 

K a l a f a t , 1966) , Responses o t h e r than v i s u a l f i x a t i o n that have been 
used as measures of a t t e n t i o n to v i s u a l s t i m u l i inc lude heart r a t e , 
s u c k i n g , s u p p r e s s i o n o f movement, s m i l i n g . 

U s i n g t h e s e measures of v i s u a l a t t e n t i o n , those a s p e c t s of 

s t i m u l a t i o n to which the i n f a n t i s most respons ive have been i n v e s t i g a t e d . 

One o f the most exp lo red dimensions has been that of "complex i ty" 

(de f ined v a r i o u s l y in terms of redundancy, randomness, v a r i e t y , or 

number of e l e m e n t s ) . A number of s t u d i e s has shown that s u b j e c t s 

p r e f e r a g iven l e v e l of complex i ty .and that the p r e f e r r e d l e v e l i n c r e a s e s 

w i t h a g e . Brennan, Ames and Moore (1966) found t h a t , w i th p o s i t i o n 

p r e f e r e n c e s c o n t r o l l e d f o r , 3 -week-o ld i n f a n t s looked most a t the l e a s t 

complex of t h r e e checkerboard p a t t e r n s (2 x 2 , 8 x 8 , 2k x 2k); 

8 -week-o ld i n f a n t s p r e f e r r e d the in te rmed ia te l e v e l , and l4-week-o1d 

i n f a n t s p r e f e r r e d the p a t t e r n s in i n c r e a s i n g order of complex i ty . 

C o n s i s t e n t w i t h these f i n d i n g s o t h e r r e s e a r c h e r s have reported that 

the neonate and young i n f a n t p r e f e r low l e v e l s of complexi ty 

(Hershenson, 196^+; Greenberg and 0' Donnel 1, 1972; Greenberg and 

Weizmann, 1971; F a n t z , 1958; Miranda, 1970) . An except ion to these 

s t u d i e s was repor ted by Horowi tz , Paden, Bhana, A i t c h i s o n and S e l f (1972) . 

They c a r r i e d out two l o n g i t u d i n a l and one c r o s s - s e c t i o n a l s t u d i e s of 

i n f a n t s from 3 to ]k weeks of a g e , and found that "not a s i n g l e 

s u b j e c t i n e i t h e r o f the l o n g i t u d i n a l groups (10 i n f a n t s in a l l ) 

d i s p l a y e d the Age x Complexi ty s h i f t reported by Brennan et a l . " 
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However, the l a r g e number of s t i m u l i used In the t e s t s e s s i o n ( s i x 
checkerboards and one gray square) may have In f luenced the r e s u l t s because 
o f the l a rge exposure t ime per s e s s i o n : seven s t i m u l i were presented 
f o r 120 seconds e a c h , a t o t a l of 14 minutes per s e s s i o n , an amount 
of t ime that may have taxed the a t t e n t i v e powers of these young 
1 n f a n t s , 

"Complex i ty" I s not a u n i t a r y d imension . By v a r y i n g the number 

o f e lements in a checkerboard one i s a l s o v a r y i n g such f e a t u r e s a s 

the amount of contour (de f ined In terms of the t o t a l amount of border 

c o n t a i n e d In the f i g u r e s ) , the number of a n g l e s , and the s i z e of the 

i n d i v i d u a l e l e m e n t s . When these dimensions have been v a r i e d 

Independent ly of complex i ty the r e s u l t s have suggested that they may be 

more s a l i e n t d imensions o f s t i m u l a t i o n than complex i ty per s e , 

Karmel ( 1 9 6 9 ) , u s i n g a pa l red -compar ison d e s i g n , presented 2 d i f f e r e n t 

arrangements (random vs redundant) of 2 -d imenslona l g r i d p a t t e r n s w i th 

b l a c k and whi te e lements of d i f f e r e n t s i z e s ( j I n , ^ i n , l i n and 2 in 

s q u a r e s ) to human i n f a n t s aged between 3 and 5 months. He suggested 

t h a t an i n v e r t e d - U f u n c t i o n r e l a t i n g p r e f e r e n c e to the square root of 

the amount of contour appeared to be the best d e s c r i p t i o n of the 

look ing b e h a v i o u r , and that a complex i ty continuum was not u s e f u l in 

d e s c r i b i n g e i t h e r the p r e f e r e n c e s o r the s h i f t s in p r e f e r e n c e w i th age. 

Other ev idence (reviewed by Kagan, 1970, p828) supports the content ion 

t h a t contour i s a more s a l i e n t dimension of s t i m u l a t i o n t h a / complex i ty . 

A l s o u s i n g a p a l r e d - c o m p a r l s o n des ign Miranda and Fantz (1971) 

v a r i e d the s i z e and number of e lements (squares ) independent ly to see 

whether s i z e ( l a r g e r e lements ) o r complex i ty ( fewer e lements) r e s u l t e d 

In more f i x a t i o n s by newborn i n f a n t s , A p r e f e r e n c e fo r s i z e to be 

prepotent over number was found, t h e i r most a t t r a c t i v e s t i m u l u s being 

two b l a c k 2 i n s q u a r e s , which was a l s o the l a r g e s t s t i m u l u s shown 

t h e l r s u b j e c t s . 
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K a r m e l , Whi te , C l e a v e s and S t e i n s i e k (1970 ) , measured averaged 

evoked p o t e n t i a l s to the same s t i m u l i Karmel (1969) had u s e d , 

p resen ted as l i g h t f l a s h e s . The p h y s i o l o g i c a l responses a r e d e s c r i b e d 

by f u n c t i o n s s i m i l a r to those obta ined b e h a v i o u r a l l y , i . e . , they were 

independent of redundancy o f p a t t e r n , and d i s p l a y e d an inver ted -U 

r e l a t i o n w i th the amount of contour ( repor ted in Bond, 1972, and 

Kagan , 1970) . S i m i l a r l y , Har te r and S u i t t (1970) , who measured 

v i s u a l l y - e v o k e d c o r t i c a l p o t e n t i a l s from one in fan t from 21 to 155 days 

o f age in response to c h e c k e r b o a r d - p a t t e r n e d l i g h t f l a s h e s , found 

that the l a r g e s t ampl i tude responses "were evoked by r e l a t i v e l y la rge 

checks dur ing the f i r s t month of l i f e and p r o g r e s s i v e l y s m a l l e r checks 

as the i n f a n t matured ." (p235) . 

T h e r e seems, t h e r e f o r e , to be some agreement t h a t a potent 

s t i m u l u s f o r the newborn baby i s a s q u a r e , o r arrangement o f s q u a r e s , 

each element subtending approx imate ly 10° v i s u a l ang le (the s t imu lus 

most p r e f e r r e d by the youngest Ss of Brennan et a l . was a 2 x 2 

c h e c k e r b o a r d , each element being 3 inches s q u a r e , presented 18 inches 

from the S s ' e y e s ; an i d e n t i c a l s t i m u l u s arrangement was p r e f e r r e d by 

H e r s h e n s o n ' s S s . In M i randa 's (1970) study the optimal s t imu lus 

was a s i n g l e square o f 2 inches s i d e , and in h i s 1971 study was two 

s q u a r e s of 2 inches s i d e , in both c a s e s presented at a d i s t a n c e of 

12 i n c h e s ) . The s i m i l a r i t y of the behav ioura l and p h y s i o l o g i c a l 

f i n d i n g s has suggested to K a r m e l , and Bond ( repor ted in Bond, p236) 

that the p r e f e r e n c e s a r e r e l a t e d to neuronal a c t i v i t y of con tour -

encoding c e l l s in the v i s u a l s y s t e m , and that some optimal r e c e p t i v e 

f i e l d s i z e c h a r a c t e r i s t i c determines behav ioura l p r e f e r e n c e a t a 

p a r t i c u l a r age . 



3 . VISUAL ACUITY, VISUAL PURSUIT and ACCOMMODATION A u s e f u l technique 

f o r t e s t i n g the v i s u a l a c u i t y of I n f a n t s i s to record f o l l o w i n g 

( p u r s u i t ) movements of the eyes to t a r g e t s of v a r i o u s s i z e s . Under 

some s t i m u l u s c o n d i t i o n s the o p t o k i n e t i c responses ( o p t o k i n e t i c 

nystagmus, or OKN) a r e I n v o l u n t a r y , and the angular s i z e .of the 

s m a l l e s t t a rge t tha t e l i c i t s the response I s used as a measure of 

v i s u a l a c u i t y . ^ The o b j e c t i v e measures of v i s u a l a c u i t y provided 

by OKN c o r r e l a t e w e l l w i t h the S n e l l e n e q u i v a l e n t (Reinecke and Cogan, 
2 

1958) . Us ing t h i s t e c h n i q u e , Gorman, Cogan and G e l l i s (1957) , 

o b t a i n e d 93 p o s i t i v e responses from t h e i r sample of 100 newborns to 

a b l a c k and wh i te s t r i p e d p a t t e r n , each i n t e r v a l of which subtended 

an a n g l e of 33 .5 minutes of a r c , which corresponds to a S n e l l e n 

n o t a t i o n of 2 0 / 6 7 0 . Dayton, J o n e s , A i u , Rawson, S t e e l e and Rose 

( 1 9 6 4 ) , reported the OKN response In 9 of 18 newborn s u b j e c t s to 

t a r g e t s w i th a S n e l l e n e q u i v a l e n t of 20 /150 . K l f f and Lepard (1966) , 

repor ted that a v i s u a l a c u i t y of 2 0 / 8 2 0 , a s recorded by the OKN 

r e s p o n s e , i s ob ta ined by the m a j o r i t y of premature i n f a n t s , a f t e r 

r e a c h i n g a weight of k\b. • 

Footnote The o p t o k i n e t i c nystagmus response i s a r e f l e x which 
I s e l i c i t e d when a s u b j e c t v iews a moving ta rge t such as d e t e c t a b l e 
b l a c k and whi te s t r i p e s , 

2 
Footnote S n e l l e n l e t t e r s have been used c l i n i c a l l y fo r over a 
c e n t u r y f o r s p e c i f y i n g v i s u a l a c u i t y . The l e t t e r s a r e so c o n s t r u c t e d 
t h a t the t h i c k n e s s of the l i n e segments (I . e , , of the c r i t i c a l 
d e t a i l s ) of each l e t t e r i s o n e - f i f t h the width or height of the 
whole l e t t e r , A s u b j e c t I s s a i d to have 20/20 v i s i o n i f the t o t a l 
s i z e o f the s m a l l e s t l e t t e r he can r e c o g n i s e a t 20 f e e t subtends a t 
the eye a v i s u a l a n g l e of 5 mln of a r c , and t h e r e f o r e that of the 
c r i t i c a l d e t a i l , 1 min of a r c ( L i t , I 9 6 8 , p 2 9 ) . 
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The n e o n a t e ' s a b i l i t y to accommodate to s t i m u l i a t d i f f e r e n t 

d i s t a n c e s has not been f u l l y i n v e s t i g a t e d . Haynes, White and Held 

( 1 9 6 5 ) , repor ted that the newborn i n f a n t ' s accommodation system i s 

" l o c k e d on" a t a p a r t i c u l a r d i s t a n c e (median 19cm), and t h a t , 

c o n s e q u e n t l y , images of t a r g e t s nearer or f a r t h e r away a r e 

p r o p o r t i o n a t e l y b l u r r e d . Hershenson (1967 ) , c r i t i c i z e d t h i s f i n d i n g 

on the grounds that the t a r g e t may have been an inadequate s t imu lus 

f o r accommodation a t the d i f f e r e n t d i s t a n c e s employed, i . e . , that i t 

may not have been r e s o l v e d by the young i n f a n t at the f a r t h e r d i s t a n c e s , 

These c r i t i c i s m s s t i l l a p p l y ; t h u s , the data suggest that s t i m u l i a t a 

near d i s t a n c e can be accommodated t o , but a r e i n c o n c l u s i v e regarding 

f o c u s i n g on s t i m u l i a t f a r t h e r d i s t a n c e s . In t h i s c o n t e x t . Whi te , 

C a s t l e and Held (1964, p35k) note that " v i s u a l s t i m u l i c l o s e r than 

7 i n c h e s a r e r a r e l y f i x a t e d " by the i n f a n t younger than I j months, 

a f i n d i n g they a t t r i b u t e to the i n f a n t ' s i n a b i l i t y to focus on very 

near o b j e c t s , s i n c e a " t e s t o b j e c t at 5 inches produces a badly b l u r r e d 

image on the r e t i n a , " R e s u l t s from an experiment reported l a t e r in 

t h i s t h e s i s support t h i s s u g g e s t i o n , 

F a n t z , Ordy and U d e l f ( 1 9 6 2 ) , reasoned that the OKN data on 

v i s u a l a c u i t y in i n f a n t s d id not n e c e s s a r i l y r e f l e c t the same v i s u a l 

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

which a r e important in the media t ion of p a t t e r n p e r c e p t i o n , fo r 

example , the c e n t r a l r e t i n a and the c o r t e x , a r e not n e c e s s a r y for 

the r e f l e x i v e OKN responses in the a d u l t , and t h e r e f o r e p o s s i b l y 

not a l s o in the i n f a n t . Us ing the i n f a n t ' s known p r e f e r e n c e f o r 

p a t t e r n e d v s . p l a i n s t i m u l a t i o n they presented i n f a n t s w i th s t i m u l u s 

p a i r s c o n s i s t i n g o f s t r i p e d v s , uni form gray members. I n f a n t s under 

1 month of age were a b l e to r e s o l v e l i n e s o f f inch a t 10 i n c h e s , a 

S n e l l e n e q u i v a l e n t o f 20/800, ' which i s in reasonable agreement w i th 



the OKN d a t a . They a l s o found the same l e v e l o f a c u i t y when the 

s t i m u l u s p a t t e r n s were p resen ted at 5 , 10 and 20 inches from the e y e . 

T h u s , the newborn baby seems equipped w i th s u f f i c i e n t r e s o l v i n g 

power to be r e s p o n s i v e to s t i m u l a t i o n w i t h i n a t l e a s t some range of 

d l s t a n c e . 

The mode of p u r s u i t shown by the In fan t when v i s u a l l y f o l l o w i n g 

a moving o b j e c t may depend on the nature of the s t i m u l u s . In the 

OKN response t y p i c a l l y e l i c i t e d In the a d u l t , a f t e r f i x a t i n g the 

o b j e c t the eyes f o l l o w the movement of the o b j e c t smoothly to the 

p e r i p h e r y of the f i e l d of f i x a t i o n , and then j e r k q u i c k l y back to 

take up f i x a t i o n pn the next o b j e c t . When the moving s t imu lus shown 

the neonate has been a s e r i e s of b l a c k and whi te s t r i p e s the presence 

of both forms of eye movement I s u s u a l l y repor ted . T h u s , McGlnnis 

( 1 9 3 0 ) , a f t e r a n a l y z i n g the /newborn 's f o l l o w i n g responses to a 

s t r i p e d s t i m u l u s , concluded t h a t " t h e a b i l i t y to make these two 

types of o c u l a r movements ( I . e . , smooth p u r s u i t , and s a c c a d e s ) 

i s p r e s e n t from b i r t h " (p379) . S i m i l a r comments a r e made by 

D o r i s and Cooper (1966, p33) , B r a z e l t o n , S c h o l l and Robey (1966, 

p 2 8 7 ) , and Gorman, Cogan and G e l l i s , who noted that In the usua l 

p o s i t i v e response the re I s " a s l o w , smooth f o l l o w i n g movement 

( c o r r e s p o n d i n g approx imate ly to the motion of the s t r i p e d paper) to 

the l i m i t o f e x c u r s i o n , and a s w i f t ( r i g h t i n g ) s a c c a d i c movement; the * 

eye going back to a more c e n t r a l f x j s l t i o n . The above c y c l e recur red 

r h y t h m i c a l l y " (1957, p p l 0 9 0 - l 0 9 1 ) . Smooth p u r s u i t movements do not 

appear to be made, however, to the movement of a d i s c r e t e s t i m u l u s . 

Dayton and Jones (1964) a n a l y z e d the oculomotor r e f l e x (def ined as that 

r e f l e x " r e s p o n s i b l e fo r the placement and maintenance of the image of 

an o b j e c t on the fovea" pi 1 5 2 ) , to a s e r i e s of b lack dots drawn over 

a p l e x i g l a s s canopy. Only one dot was present in the v i s u a l f i e l d at 

a t i m e . The e y e s ' l i n e of s i g h t of newborns and young I n f a n t s f e l l 
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behind in t r a c k i n g the t a r g e t and f o l l o w i n g responses c o n s i s t e d of a 

s e r i e s of r e f i x a t i o n s , a p p a r e n t l y made to c o r r e c t fo r s l i p p a g e of the 

image from the fovea as the o b j e c t moved a c r o s s the v i s u a l f i e l d . The 

ampl i tude of the r e f i x a t i o n s f e l l o f f w i th age . 

The temporal l a g , the eyes moving a f r a c t i o n of a second a f t e r 

the t a r g e t has passed the l i n e of v i s i o n , has a l s o been noted by 

B a r t e n , B i r n s and Ronch (1971, p 3 l 6 ) . S i m i l a r l y , Whi te . C a s t l e and 

Held ( 1 9 6 4 ) , whose s t i m u l u s was a red c i r c l e moved s lowly a c r o s s the 

v i s u a l f i e l d , s t a t e t h a t , up to months of a g e , " p u r s u i t c o n s i s t s of 

a s e r i e s of j e r k y f i x a t i o n s of the red c i r c l e which br ings i t s image 

to the fovea l a r e a " (p353) . A f t e r 1 j months of age a new form of 

v i s u a l p u r s u i t may appear dur ing which " t r a c k i n g i s cont inuous over 

wide s e c t o r s (up to 9 0 ° ) o f the s t i m u l u s path" (p354) , These remarks 

seem to suggest tha t t h e r e a r e two modes of p u r s u i t , smooth v s . j e r k y , 

which a r e s e p a r a t e l y e l i c i t e d depending upon both the type of s t imulus , 

and the age of the i n f a n t . An a l t e r n a t i v e , and perhaps more l i k e l y 

h y p o t h e s i s , i s tha t the two forms of p u r s u i t f a l l a long a continuum, 

and that the " j e r k y p u r s u i t " i s a consequence of the neonate 's 

i n a b i l i t y to ma in ta in a cons tan t f i x a t i o n on a d i s c r e t e s t i m u l u s , a 

r e s u l t o f poor v i s u a l a c u i t y which "would a l l o w f o r g r e a t e r s l i p p a g e 

be fore d e t e c t i o n could o c c u r " (Hershenson, 1967, p329) . The g r e a t e r 

the number of cues a v a i l a b l e to keep the image of the moving ta rge t 

a l i g n e d on the f o v e a , the more l i k e l y i s a smooth form of p u r s u i t to 

be made. U n f o r t u n a t e l y , the a v a i l a b l e 1 i t e r a t u r e on v i s u a l p u r s u i t 

does not a l l o w an adequate t e s t of the a l t e r n a t i v e s . 



4 . DETERMINANTS OF INFANT VISUAL ATTENTION The purpose of most 

p s y c h o l o g i c a l s t u d i e s in to the perceptua l c a p a c i t i e s of the neonate i s 

to d e t e r m i n e , f o r t h e o r e t i c a l and d e s c r i p t i v e p u r p o s e s , the i n f a n t ' s 

maximum perceptua l c a p a b i l i t i e s . To do t h i s , the neonate must 

o b v i o u s l y be in the opt imal a t t e n t i v e s t a t e f o r the demonstrat ion 

of such c a p a b i l i t i e s ; r e p o r t s of perceptua l l i m i t a t i o n s in i n f a n t s 

from s t u d i e s in which the bab ies have not been f u l l y awake, or have 

been f u s s i n g , throughout the exper imenta l s e s s i o n can be m i s l e a d i n g . 

The p r e s e n t s e c t i o n rev iews the more important v a r i a b l e s a f f e c t i n g 

I n f a n t s ' a t t e n t i o n , I n c l u d i n g both o r g a n i s m i c and s t imu lus v a r i a b l e s , 

(a) S t a t e The s t a t e of the s u b j e c t I s ^ h l s momentary p o s i t i o n a long 

some a r o u s a l , o r a c t i v i t y continuum (or c o n t l n u a ) . Most i n v e s t i g a t o r s 

have r e l i e d upon behav iour r a t i n g s c a l e s to a s s e s s the s t a t e of the 

neonate . The exac t c r i t e r i a u t i l i z e d v a r i e s from author to author 

(Ashton , 1973, pp7 -8 , in h i s review of the s t a t e v a r i a b l e in neonatal 

r e s e a r c h , g i v e s a number of the d i f f e r e n t c l a s s i f i c a t i o n s of s t a t e ) , 

A commonly used s c a l e I s that of Wolff (1959, 1965) , who d e s c r i b e s 

s i x s t a t e s o f a r o u s a l : r e g u l a r s l e e p , i r r e g u l a r s l e e p , d r o w s i n e s s , 

a l e r t i n a c t i v i t y , a l e r t a c t i v i t y , and c r y i n g . The s t a t e of a l e r t 

i n a c t i v i t y I s of most I n t e r e s t : the In fant in t h i s s t a t e i s " f u l l y 

awake but q u i e t r a t h e r than e x c i t e d ; h i s r e s p i r a t i o n s a r e regu la r 

at a r a t e of 50-60 per minute; h i s eyes a r e wide open, s h i n y , and 

c a p a b l e of c o n j u g a t e eye movements, and he makes v i s u a l and a u d i t o r y 

p u r s u i t movements to a p p r o p r i a t e o b j e c t s . The l imbs , trunk and face 

a r e r e l a x e d , . , and the baby i s not s t r u g g l i n g , f u s s y or c r y i n g , " 

(Wol f f , 1965, p 8 l 6 ) , A d d i t i o n a l l y , per iods of a l e r t n e s s r a r e l y 

o c c u r r e d dur ing the f i r s t months u n l e s s the In fant had r e c e n t l y 

e a t e n , a c o n c l u s i o n supported by Giacoman's (1971) f i n d i n g that 

v i s u a l a t t e n d i n g was g r e a t e r in s a t i a t e d Ss than hungry S s , V i s u a l 

a t t e n t i o n i s a lmost e x c l u s i v e l y conf ined to the s t a t e of a l e r t -
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i n a c t i v i t y . Even when the i n f a n t i s c l a s s i f i e d as being in 

another s t a t e , v i s u a l a t t e n t i v e behaviour i s normal ly accompanied 

by a r e d u c t i o n of ongoing motor a c t i v i t y , and i s c h a r a c t e r i s t i c of 

a s t a t e of v i g i l a n c e ( S t e c h l e r and L a t z , 1966, p52k). 

Some o ther o r g a n i s m i c f a c t o r s that may a f f e c t the c a p a c i t y of 

the newborn to a t tend to v i s u a l s t i m u l i a r e (a) c o m p l i c a t i o n s of 

pregnancy and d e l i v e r y , (b) med ica t ion g iven to the mothers before 

d e l i v e r y , and (c) p a r i t y , A d i s c u s s i o n of these f a c t o r s i s to be 

found i n B e l l ( I 9 6 3 ) . 

(b) O r i e n t a t i o n One o t h e r f a c t o r that may q u a l i t a t i v e l y a f f e c t 

the n e o n a t e ' s a b i l i t y to demonstrate h i s maximum perceptua l c a p a c i t i e s 

i s whether he i s upr igh t o r not . Bower (1971 ) , presented exper imental 

e v i d e n c e s u g g e s t i n g that the sup ine ( i . e . , h o r i z o n t a l ) baby i s not 

f u l l y awake, r e g a r d l e s s of whether the eyes a r e open. The f u l l 

form o f an a d a p t i v e a v o i d a n c e response to approaching o b j e c t s o n l y 

o c c u r r e d when the s u b j e c t s ( i n f a n t s from 6 to 20 days of age) were 

u p r i g h t ; i n f a n t s on t h e i r back , more than kO o f them, d id not even 

b l i n k . However, when the i n f a n t s were held upr ight or s e m i - u p r i g h t , 

the d e f e n s i v e response (they p u l l e d t h e i r heads back and put t h e i r 

hands between t h e i r f a c e and the approaching o b j e c t ) , was 

"accompanied by d i s t r e s s and c r y i n g so i n t e n s e that the experiment 

had to be t e r m i n a t e d , " (1971. p 3 2 ) . The apparatus used by the 

p r e s e n t a u t h o r , and d e s c r i b e d in d e t a i l l a t e r in t h i s t h e s i s , enables 

eye f i x a t i o n p o s i t i o n to be recorded in the newborn w h i l e the S i s 

he ld in a n u p r i g h t p o s i t i o n , 
' I . 

(c) S t i m u l u s f a c t o r s S t i m u l u s f a c t o r s (other than v a r i a t i o n s in 

p a t t e r n i n g ) , tha t a f f e c t the d u r a t i o n of a t t e n t i o n , and may r e s u l t 

i n d i f f e r e n c e s in a t t e n t i o n to p a t t e r n s , a r e the s i z e of the 

s t i m u l u s and the d i s t a n c e a t which i t i s p r e s e n t e d , McKenzie and 
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Day (1972) presented e v i d e n c e to show that the dura t ion of v i s u a l 

f i x a t i o n o f s o l i d o b j e c t s v a r i e s as a f u n c t i o n of o b j e c t d i s t a n c e . 

In t h e i r second experiment the s t i m u l i were cubes presented a t 

d i s t a n c e s from 30cm to 90cm, With the rea l s i z e and the angu la r 

s i z e o f the o b j e c t he ld c o n s t a n t , i n f a n t s i n two age ranges , from 

6 to 12 weeks , and from 13 to 20 weeks, spent much more time looking 

a t the o b j e c t a t the n e a r e s t d i s t a n c e , w i th a l i n e a r d e c l i n e In 

f i x a t i o n time a s the o b j e c t d i s t a n c e i n c r e a s e d . The reason for 

these f i n d i n g s i s u n c l e a r ; s i n c e no I n t e r a c t i o n of age and d i s t a n c e 

was o b s e r v e d , a l a c k of accommodative a b i l i t y on the par t of the 

younger Ss w i l l not account f o r the r e s u l t s . Whether the dura t ion 

of f i x a t i o n on 2 -d imens iona l o b j e c t s s i m i l a r l y v a r i e s as a func t ion 

of d i s t a n c e I s not known. That the In fant under 1^ months w i l l 

seldom f i x a t e o b j e c t s c l o s e r , ' t h a n 7 Inches has been noted p r e v i o u s l y , 
1 

The s i z e of the s t i m u l u s o b j e c t may a l s o a f f e c t the i n f a n t ' s 

a t t e n t i v e p r o c e s s e s , T r o n i c k (1972) presented I n f a n t s from 2 to 

10 w e e k s , who were sea ted in an i n f a n t s e a t , w i th a f i x a t i o n o b j e c t 

which was a b r i g h t l y co loured r e c t a n g u l a r o b j e c t a t an approximate 

d i s t a n c e of 16 i n c h e s . When the In fan t was deemed to be looking a t 

the f i x a t i o n o b j e c t a s i m i l a r o b j e c t was presented p e r i p h e r a l l y . 

The c r i t e r i o n of a " l o o k " was a d e f i n i t e s h i f t in gaze to the 

p e r i p h e r a l o b j e c t and a b r i e f f i x a t i o n of I t . The l a r g e s t angular 

s e p a r a t i o n of the two o b j e c t s that e l i c i t e d a look was o p e r a t i o n a l l y 

d e f i n e d as the i n f a n t ' s e f f e c t i v e v i s u a l f i e l d . The s i z e of the 

I n f a n t ' s v i s u a l f i e l d determined In t h i s way was , in the 2 -week-o ld 

I n f a n t , q u i t e s m a l l , 15° to e i t h e r s i d e of the l i n e of regard . Of 

c o u r s e , the absence of a f i x a t i o n response to o b j e c t s g r e a t e r than 

15° i n the 2 -week-o ld i n f a n t does not n e c e s s a r i l y mean that the 

o b j e c t I s not v i s u a l l y a v a l l a b l e ; a l t e r n a t i v e e x p l a n a t i o n s of the 
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r e s u l t s in terms of the muscular e f f o r t requ i red to respond, for 

example, a r e p o s s i b l e . However, the f i n d i n g s do have i m p l i c a t i o n s 

f o r two a r e a s of r e s e a r c h : ( i ) form p e r c e p t i o n and ( i i ) the nature 

o f the a t t e n t i v e p r o c e s s , both o f which a r e d i s c u s s e d below, 

( i ) I m p l i c a t i o n s fo r form p e r c e p t i o n Where f a i r l y p r e c i s e s p e c i f i c a t i o n 

of the a r e a of a s t i m u l u s f i x a t e d by the newborn i s a v a i l a b l e the 

r e s u l t s suggest that v i s u a l scann ing i s l i m i t e d to a small por t ion 

of the s t i m u l u s ( S a l a p a t e k and K e s s e n , 1966) , A l s o , as mentioned 

in a p r e v i o u s s e c t i o n of t h i s c h a p t e r , a potent s t imu lus for the 

newborn i s a s q u a r e , o r arrangement o f s q u a r e s , w i th each element 

subtending approx imate ly 10° v i s u a l ang le - an angu la r s i z e t h a t , i f 

T r o n i c k ' s (1972) f i n d i n g i s c o r r e c t , would keep a l l por t ions of a 

s i n g l e square i n v iew no mat ter which par t of i t S looked a t , 

Hershenson (1967) suggested that a requirement fo r the o p e r a t i o n a l 

demonst ra t ion o f form p e r c e p t i o n cou ld be a response to the whole 

f i g u r e : t h i s may be p o s s i b l e o n l y i f the s t i m u l u s i s s u f f i c i e n t l y 

smal l f o r the neonate to v iew i t as a whole , 

( i i ) I m p l i c a t i o n s c o n c e r n i n g the nature of the a t t e n t i v e p rocess The 

growth of the e f f e c t i v e v i s u a l f i e l d w i th age may account fo r the 

change from an o b l i g a t o r y to a v o l u n t a r y looking pa t te rn in i n f a n t s . 

S e v e r a l i n v e s t i g a t o r s have repor ted that the young in fan t appears 

to be " c a p t u r e d " by s t i m u l i ; t h u s , Ames and S i l f e n ( reported in 

Hershenson , 1967 ) . note tha t " w h i l e the o l d e r in fan t may be 

c a p t u r i n g s t i m u l i w i t h h i s look ing b e h a v i o u r , the young in fan t i s 

being captured b^ the s t i m u l i , " Whi te , C a s t l e and Held (196^+) 

s i m i l a r l y note that " t h e i n f a n t m a i n t a i n s one d i r e c t i o n of gaze fo r 

prolonged p e r i o d s , " (p353) . and Horowi tz , Paden, Bhana and S e l f , 

working w i th i n f a n t s from 3 to 14 weeks of a g e , found that looking 

d u r a t i o n s of o v e r 2 ni inutes were v e r y common. T r o n i c k (1972) suggests 
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that the change to a more a c t i v e and v o l u n t a r y looking pa t te rn i s 

a q u a n t i t a t i v e , r a t h e r than a q u a l i t a t i v e , change, a t t r i b u t a b l e to 

the growth in the v i s u a l f i e l d which would make p r e v i o u s l y i n e f f e c t i v e 

p o r t i o n s of the s t i m u l u s a v a i l a b l e to be looked a t , 

in a study reported by Ha i th ( I968; more f o r m a l l y presented 

by K e s s e n , S a l a p a t e k and H a l t h , 1972) , newborn babies were shown a 

v e r t i c a l edge; when t h i s edge was presented 3 Inches to the l e f t of 

the c e n t r e of the v i s u a l f i e l d one form of v i s u a l scanning observed 

was r e p e t i t i v e h o r i z o n t a l movements a c r o s s the edge (whether t h i s i s 

c h a r a c t e r i s t i c o f most , o r a l l , I n f a n t s i s not known because of 

l i m i t a t i o n s of t h e i r record ing procedure: see Kessen et a l . , 1972) , 

A l s o , neonates f i x a t i n g s t i m u l i , even though on ly a smal l por t ion 

of the v i s u a l f i e l d i s u s u a l l y v iewed , t y p i c a l l y move t h e i r eyes 

a t l e a s t once each s e c o n d , and probably more than once each second 

( S a l a p a t e k and K e s s e n , I966; S a l a p a t e k , I 9 6 8 ) . These f i n d i n g s a r e 

d i f f i c u l t to r e c o n c i l e w i t h s u g g e s t i o n s of "b lank looking" In the 

neonata l p e r i o d . P o s s i b l y the reduced m o t i l i t y and the v i g i l a n c e 

l i k e s t a t e that accompany v i s u a l a t t e n t i o n b e l i e the p o s s i b i l i t y that 

the form of the v i s u a l s c a n n i n g , a l though conf ined to a small angu lar 

a r e a , may be a c t i v e . Those recorded p e r i o d s of genuine "b lank looking" 

p e r i o d s in which no change of gaze o c c u r s a t a l l , which may l a s t up to 

30 s e c . (T ron ick and C l a n t o n , 1971, p l ^ 8 l ) could wel l be t r a n s i t o r y 

changes of s t a t e . 

5 . CONJUGATE EYE MOVEMENTS AND BINOCULAR FIXATION The s i n g l e , 

u n i f i e d Image of normal b i n o c u l a r v i s i o n I s dependent upon a c c u r a t e 

b i n o c u l a r f i x a t i o n , both eyes being p o s i t i o n e d so that each fovea 

I s c e n t r e d under the Image o f the o b j e c t o f regard . B i n o c u l a r f i x a t i o n 

e n t a i l s a two- fo ld requirement: ( i ) the In tegra ted a c t i v i t y of both 
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the i n t r a - and e x t r a - o c u l a r neuromuscular systems so that the eyes 

move In a c o - o r d i n a t e d and con jugate f a s h i o n , and ( i i ) a c c u r a t e 

monocular f i x a t i o n by e i t h e r eye a l l o w i n g f o r s imul taneous b i n o c u l a r 

f i x a t i o n of the o b j e c t of regard . 

The f i r s t of these two a b i l i t i e s i s we l l documented In the newborn, 

A c c o r d i n g to Wol f f ( 1965 ) , the In fan t In the s t a t e c h a r a c t e r i z e d as 

" a l e r t i n a c t i v i t y " I s c a p a b l e of con juga te eye movements and he makes 

v i s u a l and a u d i t o r y p u r s u i t movements to a p p r o p r i a t e o b j e c t s . Dayton, 

J o n e s , S t e e l e and Rose ( 196^ ) , found that con jugate movements of the 

eyes were shown in e l e c t r o - o c u l o g r a p h i c t r a c i n g s when newborns fol lowed 

a s e r i e s of b l a c k d o t s : " e a c h eye in the p r o c e s s of p u r s u i t moved 

s i m u l t a n e o u s l y in the d i r e c t i o n of the t a r g e t ; both eyes moved over 

the same per iod of t ime . The s i m i l a r i t y of the t r a c i n g s I n d i c a t e s 

c l o s e c o n j u g a t i o n of the eyes In the newborn p e r l o d " ( p 8 7 4 ) , Greenman 

( 1 9 6 3 ) . a n a l y z e d the v i s u a l f o l l o w i n g responses of 127 i n f a n t s w i t h i n . 

2k hours a f t e r b i r t h . . In the 95% of i n f a n t s who f o l l o w e d , " c o n j u g a t e 

d e v i a t i o n of the eyes o c c u r r e d In a l l i n s t a n c e s " . (p75) . 

Con jugat ion In the p r e s e n c e of s t a t i o n a r y t a r g e t s i s l e s s c l e a r , 

Hershenson (1964, 1965) photographed o c u l a r o r i e n t a t i o n s a t a ra te 

of 10 frames per s e c o n d , when s u b j e c t s were judged to be looking 

d i r e c t l y a t a s t i m u l u s s c r e e n by an o b s e r v e r . Immediately above 

each s t i m u l u s was an i n f r a r e d l i g h t , and the degree of conjugate 

movement was r e f l e c t e d in the degree to which the r e l a t i v e s h i f t s 

In s i z e and d i r e c t i o n of the cornea l r e f l e x p o s i t i o n s corresponded. 

The mean c o r r e l a t i o n observed was 0 , 8 7 , w i t h a range from .8k to 

, 9 0 , which I s good ev idence f o r a high degree of con jugate movement, 

W i c k e l g r e n ( 1 9 6 9 ) , photographed neonates ' eyes to th ree s t i m u l u s 

c o n d i t i o n s : a permanently on l i g h t c e n t r e d in f ront of the e y e s , a 

b l i n k i n g c e n t r e l i g h t , and r e p e a t i n g s e r i e s of 3 h o r i z o n t a l l i g h t s 



a t d i f f e r e n t l i g h t d u r a t i o n s . She reported that conjugate eye 

movements o c c u r r e d approx imate ly 50% of the time in a l l c o n d i t i o n s , 

" q u i t e a high f requency when one c o n s i d e r s the la rge number of a l t e r 

n a t i v e s to con juga te eye movements" (p'f82), I t seems l i k e l y t h a t , 

g iven the newborn's poorer v i s u a l a c u i t y , some small degree of 

independent movement of the eyes i s p o s s i b l e before d e t e c t i o n and 

c o r r e c t i o n of a s l i p p a g e of the image from the fovea can o c c u r . 

T h i s cou ld a l l o w fo r some smal l amounts of nonconjugate eye movements, 

w i thout a t the same time . implying e i t h e r poorer muscular c o o r d i n a t i o n 

than in the a d u l t , o r the absence of b i n o c u l a r f i x a t i o n . 

Conjugate eye movements and b i n o c u l a r f i x a t i o n a r e d i s t i n g u i s h a b l e 

as two s e p a r a t e a c t i v i t i e s . The eyes can move together without 

n e c e s s a r i l y being d i r e c t e d at the same point in s p a c e , Developmenta1ly 

i t has o f t e n been assumed that the newborn baby i s incapab le of 

b i n o c u l a r f i x a t i o n . L i n g (19^2 ) , showed supine babies of v a r i o u s ages 

a b l a c k d i s c , 2 i n c h e s in d i a m e t e r , which moved r a d i a l l y in depth 

from 3 inches to 36 inches above the i n f a n t s ' e y e s . She photographed 

the eyes and determined the p o s i t i o n of the i r i d e s in r e l a t i o n to 

each o t h e r , and reported t h a t , developmenta1ly , the f i r s t f i x a t i o n s 

on the o b j e c t a r e monocular , the n o n - f i x a t i n g or r e s t i n g eye being 

e i t h e r c l o s e d or o n l y p a r t l y open. A d d i t i o n a l l y , she reported 

" t h e absence of b i n o c u l a r f i x a t i o n u n t i l about the end of the second 

month," ( L i n g , 19^2, p271; a l s o reported in G e s e l l , 1950) , 

More recent s t u d i e s have supported t h i s e a r l y f i n d i n g , 

Hershenson (1964 ) , photographed newborn b a b i e s ' eyes when the Ss 

were thought to be looking a t the s t i m u l u s ( e i t h e r a square or a 

checkerboard ) w i t h a t l e a s t one e y e . The cornea l r e f l e c t i o n s of 

e i t h e r the s t i m u l u s , o r of i n f r a r e d marker l i g h t s whose p o s i t i o n r e l a t i v e 

to the s t i m u l u s was known, were used in determining the f i x a t i o n 
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p o s i t i o n of both e y e s , and i t was found " that to a la rge extent 

the newborns were f i x a t i n g the s t i m u l u s w i th both eyes" (p275) . 

However, as each s t i m u l u s was 6 inches square i t was p o s s i b l e that 

the S s ' eyes were look ing a t d i f f e r e n t p a r t s of the same s t i m u l u s , 

and tha t t r u e convergence was not p r e s e n t . Us ing a s i m i l a r cornea l 

r e f l e c t i o n t e c h n i q u e , but one which was thought to provide a more 

p r e c i s e measure of l o o k i n g , Wicke lgren (1967, 1969) t e s t e d t h i s 

p o s s i b i l i t y . Some nominal convergence was found, i . e , , where the 

two eyes were both d i r e c t e d a t the same s t i m u l u s p a n e l . The eyes 

"converged" ( in her I967 s tudy) 70% of the time to a s t r i p e d v s . 

gray s t i m u l u s , 42% of the time to a red v s . gray s t i m u l u s , and 9% 

o f the t ime to a s i n g l e , c e n t r a l l y p r e s e n t e d , b l i n k i n g l i g h t . 

These f i n d i n g s a r e m i s i n t e r p r e t e d by Hershenson who suggested that 

he (Hershenson) "p robab ly measured the convergence and con jugat ion 

t h a t Wicke lgren found more o r l e s s f requent over longer per iods o f 

t ime depending upon the na ture of the s t i m u l u s " (1967, p30 ) . In 

f a c t , a c c o r d i n g to W i c k e l g r e n , t h i s nominal convergence i s i l l u s o r y ; 

i t o c c u r r e d when the two eyes were a c t u a l l y d i r e c t e d to d i f f e r e n t 

p a r t s of the s t i m u l u s p a n e l . In f a c t , the neonates ' eyes a lways 

d i v e r g e d , i , e , , the r i g h t eye a lways looked to the r ight of the 

p o s i t i o n the l e f t eye was f i x a t i n g , t h i s d ivergence ranging from 

2.61 inches to 5.22 inches a t the s t i m u l u s p lane in her 1967 s tudy , 

and was an average of 4 , 5 i n c h e s fo r the th ree s t imu lus c o n d i t i o n s 

i n her I969 s t u d y . In the two s t u d i e s the e y e s - t o - s t i m u l u s d i s t a n c e s 

werei, r e s p e c t i v e l y , 14 inches and Sj i n c h e s ; thus the s e p a r a t i o n o f 

the two eyes ranged from 1 0 . 6 ° to 2 5 . 3 ° v i s u a l a n g l e . She suggests 

that " o b s e r v e r judgments based on one e y e , p a r t i c u l a r l y when both 

eyes a r e open, a r e u n l i k e l y to be a meaningful i n d i c a t i o n of newborn 

s t i m u l u s d i s c r i m i n a t i o n and p r e f e r e n c e " (1967, p84) . 



s i m i l a r r e p o r t s of an i n a b i l i t y to f i x a t e b i n o c u l a r l y in the 

neonate and young i n f a n t a r e to be found in the l i t e r a t u r e , Greenberg 

and Weizmann (1971 ) , whose c r i t e r i o n of f i x a t i o n was the r e f l e c t i o n of 

the p a t t e r n on the pup i l of the i n f a n t ' s eye reported that " s e v e r a l 

8 -week -o ld Ss had d i f f i c u l t y f o c u s i n g b i n o c u l a r l y on the p a t t e r n s . 

In t h i s s i t u a t i o n the l e a d - e y e was observed - the eye In which a 

p a t t e r n was r e f l e c t e d who l ly w i t h i n the pupi l dur ing the f i r s t few 

seconds of the" f 1 r s t t r i a l " (p237) , Sa lapa tek and Kessen (1966, 1969) 

have repor ted I n s t a n c e s of v i s u a l scanning by the neonate In which 

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

from I t by s e v e r a l d e g r e e s . In both of these s t u d i e s both of the 

s u b j e c t s ' eyes were open, and t h e i r e x p l a n a t i o n of the o f f - c o n t o u r 

look ing i s based on the s u p p o s i t i o n that " t h e unrecorded eye was 

d i r e c t l y on t a r g e t w h i l e the recorded e y e , d ivergent from but 

c o n j u g a t e w i t h the unrecorded e y e , aped the movement of the unrecorded , 

o n - t a r g e t e y e , but w i th a l i n e of s i g h t c o n s t a n t l y d i s p l a c e d from 

t a r g e t " (1969, p 2 6 ) , 

The presumed absence of b i n o c u l a r f i x a t i o n u n t i l the 6th week 

o f l i f e has led a t l e a s t one medical i n v e s t i g a t o r , concerned wi th the 

s y s t e m a t i c o c u l a r examinat ion of newborns, to Ignore i n s t a n c e s of 

m a n i f e s t s t r a b i s m u s : "At b i r t h , f i x a t i o n I s monocular; a t t h i s time 

s t r a b i s m u s does n o t , c a l l f o r any t rea tment . B i n o c u l a r v i s i o n becomes ' 

c o n s t a n t on ly between the 6th week and the 6th month" (Leroy , Leroy 

and L e r o y , 1971; t r a n s l a t e d from the o r i g i n a l F r e n c h ) . 

The on ly e v i d e n c e of which the author I s aware that suggests 

the p o s s i b i l i t y of b i n o c u l a r f i x a t i o n In the newborn per iod I s 

somewhat I n d i r e c t , Miranda (1970 ) , u s i n g the v i s u a l p r e f e r e n c e 

method (as F a n t z ' s techn ique i s sometimes c a l l e d ) , presented v a r i o u s 

s t i m u l i to f u l l - t e r m and premature i n f a n t s , and recorded f i x a t i o n s from 



the r i g h t eye o n l y . His argument i s as f o l l o w s : W i c k e l g r e n ' s r e s u l t s 

show convergence of the two eyes whenever e i t h e r eye looks at a 

c o n t r a l a t e r a l s t i m u l u s ( i . e . , when the l e f t eye looked r i g h t , the 

r i g h t eye was i n v a r i a b l y recorded as looking a l s o at the r ight 

s t i m u l u s ) . T h u s , p r e f e r e n c e s can be determined unambiguously from 

c o n t r a l a t e r a l r e s p o n s e s . Miranda found that p r e f e r e n c e s were the 

same from c o n t r a l a t e r a l and from i p s i l a t e r a l f i x a t i o n s , thus r e f u t i n g 

(he c l a i m s ) W i c k e l g r e n ' s argument that o b s e r v a t i o n of a s i n g l e eye 

can lead to s p u r i o u s r e s u l t s . However, s i n c e Wickelgren found that 

the r i g h t eye a lways looked f a r t h e r to the r i g h t than the l e f t e y e , 

i f the l e f t eye were looking r i g h t , the r igh t eye must a l s o have been 

look ing to the r i g h t : M i randa 's argument cou ld be refuted in turn i f 

t h e r e were i n s t a n c e s in which the r igh t eye was looking to the r ight 

o f the r i g h t s t i m u l u s p a n e l , and the l e f t eye was looking at_ the 

s t i m u l u s p a n e l . T h i s v a r i a b l e of the e y e s ' p o s i t i o n i s not a l lowed 

f o r i n W i c k e l g r e n ' s s t u d i e s ; p o s s i b l y , when the r ight eye was looking 

so f a r to the r i g h t to be " o f f " the r igh t s t imu lus panel the 

photographic image would not be s c o r a b l e . (The same l i n e of reasoning 

a p p l i e s , of c o u r s e , when the l e f t eye looks to the l e f t of the l e f t 

s t i m u l u s p a n e l ) , >, On l o g i c a l grounds, t h e r e f o r e , Miranda does not 

seem to have proved h i s p o i n t . 

N e v e r t h e l e s s , a major par t o f the r e s e a r c h presented in t h i s 

t h e s i s i s concerned to show that convergence i s , in f a c t , to be found 

in the newborn, and that i t s reported absence by prev ious i n v e s t i g a t o r s , 

t o g e t h e r w i t h e v i d e n c e o f o f f - c o n t o u r l o o k i n g , may be an a r t e f a c t 

r e s u l t i n g from i n a p p r o p r i a t e s c o r i n g p r o c e d u r e s . As an i l l u s t r a t i o n . 

F i g u r e 1,1 i s a photograph taken d i r e c t l y from an a r t i c l e by Fan tz (1961) 

P a r t o f the o r i g i n a l f i g u r e c a p t i o n reads " I n t h i s c a s e , w i th the 

r e f l e p t i o n over the c e n t r e of the i n f a n t ' s e y e , the r e f l e c t e d o b j e c t 

/ 
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F i g u r e 1.1 From F a n t z (1961 ) . For e x p l a n a t i o n see text 
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i s be ing f i x a t e d , , . Because t h i s young i n f a n t ' s b i n o c u l a r c o o r d i n a t i o n 

i s poor , on ly the r i g h t eye i s f i x a t i n g the o b j e c t . " Ev idence w i l l 

be p resented to show that a s t i m u l u s can be d i r e c t l y f i x a t e d without 

i t s r e f l e c t i o n being seen by an o b s e r v e r to be located d i r e c t l y 

o v e r the c e n t r e of the p u p i l , and that the o p t i c a l d ivergence of 

the eyes reported by W i c k e l g r e n , and i l l u s t r a t e d in F i g u r e 1 .1 , 

i s compat ib le w i t h b i n o c u l a r f i x a t i o n , 

6 , DEVELOPMENT OF THE CORNEAL REFLECTION TECHNIQUE FOR USE WITH 
INFANTS, AND ASSOCIATED RESEARCH FINDINGS The simple cornea l 

r e f l e c t i o n techn ique o r i g i n a t e d by Fantz was d e s c r i b e d p r e v i o u s l y . 

A l though t h i s techn ique can g ive some i n d i c a t i o n of the i n f a n t ' s 

a b i l i t y to d i s c r i m i n a t e between s t i m u l i , i t has obvious l i m i t a t i o n s . 

For example , when i t i s r e l i a b l y shown that an in fant looks longer 

a t a c r o s s than a c i r c l e t h i s t e l l s us v e r y l i t t l e about form 

p e r c e p t i o n : we cannot s a f e l y conclude that the baby i s making a 

whole - form d i s c r i m i n a t i o n of the c r o s s from the c i r c l e ; i t may be 

tha t he i s o n l y look ing a t one of the a n g l e s formed at the c e n t r e 

o f the c r o s s . A f t e r demonst ra t ing d i f f e r e n t i a l f i x a t i o n s between 

a,number of s t i m u l i d i f f e r i n g in hue and p a t t e r n Fantz (1963, p297) 

commented that " s p e c i f i c a t i o n of the prepotent c o n f i g u r a t i o n a l 

v a r i a b l e s i s unwarranted a t t h i s t i m e . " Two major at tempts have been 

made to s e c u r e more d i r e c t ev idence concern ing those s t imu lus dimensions 

to which the newborn i s most r e s p o n s i v e . The f i r s t concerns the 

s e l e c t i o n of c r i t e r i a f o r e s t a b l i s h i n g r e l e v a n t d imensions . The 

second r e s u l t s from the development of a procedure which permits 

f a i r l y a c c u r a t e l o c a t i o n , from moment to moment, of where on a 

s t i m u l u s the i n f a n t i s f i x a t i n g . 

Hershenson ( 1 9 6 7 ) , and Hershenson, Kessen and Munsinger (1967) , 

suggest that one may a s s e r t tha t t h e r e i s a s t imu lus dimension that 
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cou ld have generated the response i f a t r a n s i t i v e o rder ing of 

" p r e f e r e n c e " i s found among a minimum of th ree s t imu lus p a i r s . 

The t h r e e demands upon the r e l a t i o n s among the elements of an 

ordered s e t (Hunt ington 's p o s t u l a t e s ) a r e : 

1 , I f A ji^ B, then e l t h e r A < B o r B < A 

2 . I f A < B, then A ^ B 

3 . I f A < B and B < C , then A < C 

Two problems a r e encountered w i t h t h i s approach . The f i r s t i s 

tha t the demonstra t ion of q u a n t i t a t i v e d i f f e r e n c e s a long one 

measure of p r e f e r e n c e , fo r example, d u r a t i o n of l o o k i n g , need not 

imply tha t one has manipulated a s i n g l e s t i m u l u s d imension, 

Hershenson . (1964) p r e s e n t e d newborns w i t h s t imu lus p a i r s d i f f e r i n g 

i n b r i g h t n e s s . The s t i m u l i were patches o f l i g h t p r o j e c t e d onto 

6 i n c h square s t i m u l u s s c r e e n s , and the d i f f e r e n t l e v e l s of lu iA ' iA— 

(X(\cjb were (a) 3 . 5 6 , (b) 3 5 . 6 , and (c) 356 apparent foot c a n d l e s , 

A t r a n s i t i v e o r d e r i n g of p r e f e r e n c e in the order b > c > a was found 

which I n d i c a t e s " t h a t b r i g h t n e s s I s a d l s c r l m l n a b l e dimension of 

s t i m u l a t i o n f o r the newborn and tha t there i s an inver ted -U shaped 

r e l a t i o n s h i p between b r i g h t n e s s and f i x a t i o n p r e f e r e n c e s , " An 

a l t e r n a t i v e I n t e r p r e t a t i o n of t h e s e r e s u l t s could be that the dim 

s t i m u l u s was too dim to be seen by the newborns; the b r i g h t e s t 

s t i m u l u s , a l though p r e f e r r e d to no s t i m u l u s , was too br ight and 

caused some a v e r s l v e r e s p o n s e s ; the In te rmed ia te s t imu lus was e a s i l y 

seen and was looked a t In p r e f e r e n c e both to no s t imu lus and a too -

b r i g h t s t i m u l u s . T h u s , i t seems p o s s i b l e that the b a s i s of d i s c r i m i n a 

t i o n used by the s u b j e c t may be a q u a l i t a t i v e one which i s r e f l e c t e d 

In a q u a n t i t a t i v e o r d e r i n g a long the measure of p r e f e r e n c e employed: 

t r a n s i t i v i t y of p r e f e r e n c e , that i s , does not n e c e s s a r i l y imply that 

one has manipulated a u n i t a r y s t i m u l u s d imens ion . 

/ • 
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An a d d i t i o n a l f a i l i n g of a l l q u a n t i t a t i v e measures of 

p r e f e r e n c e i s that the f a i l u r e to mani fes t a p r e f e r e n c e among two 

o r more s t i m u l i does not mean that the s t i m u l i a r e not d i s c r i m i n a t e d 

as being d i f f e r e n t by the s u b j e c t . When spontaneous v i s u a l p re fe rence 

does not produce c l e a r ev idence of d i s c r i m i n a t i o n a t l e a s t two o ther 

p rocedures may be used: 

(1) Response to n o v e l t y Where st imu1i A 

and B a r e t o - b e - d i s c r i m i n a t e d , s t imu lus A i s presented s u c c e s s i v e l y 

f o r a s e r i e s of f a m i 1 i a r i z a t i o n t r i a 1 s , S t imulus B i s then p r e s e n t e d , 

p a i r e d w i th A; the n o n - f a m i l i a r i z e d s t imu lus may then e l i c i t i n c r e a s e d 

l o o k i n g , ( i , e , , Saayman, Ames and M o f f e t t , 1964) , A s i m i l a r 

procedure i s to p resent s t i m u l u s A as before u n t i l the dura t ion of 

look ing has s i g n i f i c a n t l y d e c r e a s e d ; s t i m u l u s B i s then presented 

a l o n e and a response recovery e f f e c t i s looked f o r , 

(2) Operant t r a i n i n g method An operant 

c o n d i t i o n i n g t e c h n i q u e , employing u s u a l l y a head- tu rn ing response 

ma in ta ined by s o c i a l r e i n f o r c e m e n t , can prov ide a s e n s i t i v e index 

both of d i s c r i m i n a t i o n and of s t i m u l u s g e n e r a l i z a t i o n , ( i . e . , 

McKenzie & Day, 1972; Bower, 1966) . 

A complementary procedure to measures of p r e f e r e n c e and 

d i s c r i m i n a t i o n , r e c e n t l y deve loped , i s to present s t i m u l i and record 

which p a r t s of the s t i m u l i a r e f i x a t e d by the i n f a n t : " I t i s on ly 

through a d e t a i l e d study of o c u l a r responses in the newborn c h i l d 

that c r i t i c a l q u e s t i o n s about the nature of perceptua l development 

can be r e s o l v e d " (Sa lapa tek and K e s s e n , 1966, p l 5 5 ) . Sa lapa tek and 

K e s s e n reported the development of a photographic cornea l r e f l e c t i o n 

techn ique to record eye f i x a t i o n changes in the newborn baby. The 

method was developed from a technique f i r s t d e s c r i b e d fo r use w i th 

monkeys by Cowey ( I 9 6 3 ) , and a l a t e r m o d i f i c a t i o n u s i n g c l o s e d - c i r c u i t 
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i n f r a r e d t e l e v i s i o n has been d e s c r i b e d by Hai th (1969) , Advantages 

over o t h e r methods of record ing v i s u a l behaviour a r e , (1) photography 

p r o v i d e s a permanent and more r e l i a b l e record of f i x a t i o n s than i s 

p o s s i b l e w i t h unaided o b s e r v a t i o n of a baby 's e y e , (2) the use of 

i n f r a r e d l i g h t permi ts much lower l e v e l s of s t imu lus I n t e n s i t y 

than would o t h e r w i s e be p o s s i b l e , and (3) complete immobi l i za t ion of 

the head I s not r e q u i r e d . 

The i n f r a r e d l i g h t s a r e p o s i t i o n e d around the s t i m u l u s , and 

r e f l e c t i o n s of the l i g h t s a r e c l e a r l y v i s i b l e on the photographed 

Image o f the e y e . C o n s e q u e n t l y , the p o s i t i o n of the s t imu lus 

w i t h i n the l i g h t s I s e a s i l y I n f e r r e d from the developed photographs 

a s i t s p o s i t i o n r e l a t i v e to the l i g h t s I s known. T h u s , the ( i n f e r r e d ) 

c o r n e a l r e f l e c t i o n of the s t i m u l u s I t s e l f can be superimposed on 

each f i l m frame, and the technique i s t h e r e f o r e s i m i l a r to o t h e r s 

i n wh ich an Image of the s t i m u l u s d i s p l a y i s v i s i b l e on the 

photographed image of the eye ( e , g , , Mackworth and O t t o , 1970) , 

A photograph of the eye I s taken once every second (or more o f t e n ) 

and each f i l m frame i s scored by f i n d i n g which por t ion of the s t imu lus 

d i s p l a y I s r e f l e c t e d from the e x a c t c e n t r e of the pup i l - t h i s , i t 

I s assumed, I s the p o r t i o n of the s t i m u l u s d i s p l a y that I s being 

f o v e a l l y f i x a t e d a t tha t moment in t ime: S a l a p a t e k (1969, p20) 

s t a t e s " t h e c e n t e r of the pup i l ( I s ) assumed to represent the l i n e 

o f s i g h t . " 

From s t u d i e s u s i n g t h i s technique a number of c o n c l u s i o n s 

regard ing the I n f a n t ' s v i s u a l scanning s t r a t e g i e s may be drawn. In 

the absence of a c l e a r l y de f ined s t i m u l u s f i x a t i o n s a r e w ide ly 

d i s t r i b u t e d throughout the v i s u a l f i e l d in a broad, main ly h o r i z o n t a l , 

s c a n . When a geometr ica l f i g u r e , such as a t r i a n g l e . I s p r e s e n t e d , 

newborns' o c u l a r o r i e n t a t i o n tends to c l u s t e r , e s p e c i a l l y near the 
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v e r t i c e s of the t r i a n g l e (Sa lapa tek and K e s s e n , I 9 6 6 ) . T h i s a b i l i t y 

of a form to cap ture the n e o n a t e ' s v i s u a l a t t e n t i o n has been we l l 

documented ( S a l a p a t e k , 1969; S a l a p a t e k and K e s s e n , I 9 6 9 ) . An innate 

f i r s t i n s t r u c t i o n to an awake newborn confronted w i th a s imple 

geometr ic f I g u r e ' a p p e a r s to be " t h e i n s t r u c t i o n to l o c a l i z e the 

f i g u r e in s p a c e . , , a c r o s s many s u c c e s s i v e exposures of the f i g u r e , 

even up u n t i l the i n f a n t c l o s e s h i s e y e s " (Sa lapatek and K e s s e n , 

1969, p l 8 ) . 

A second , though l e s s unanimous f i n d i n g concerns the newborn's 

s e l e c t i v e f i x a t i o n of s i n g l e v s . m u l t i p l e f e a t u r e s of the s t i m u l u s , 

S a l a p a t e k et a l ' s ( I966) f i n d i n g was that newborns looked at on ly 

par t of the s t i m u l u s t r i a n g l e , u s u a l l y a v e r t e x . The pre fe rence for 

a n g l e s over s i d e s was a l s o reported by Nelson (1969) . In an experiment 

repor ted in I968 S a l a p a t e k presented a l l p o s s i b l e combinat ions of 

b l a c k and w h i t e , s o l i d and o u t l i n e c i r c l e s and t r i a n g l e s of 3 

magni tudes . O v e r a l l , about h a l f of the 72 s u b j e c t s looked at l e s s 

than 50% of the p resen ted f i g u r e . In a l a t e r study Sa lapa tek and Kessen 

(1969) gathered data from 5 newborns who were presented a la rge b lack 

s o l i d e q u i l a t e r a l t r i a n g l e f o r extended per iods of t ime. Some 

s u b j e c t s a l t e r n a t e d between s e l e c t i o n o f , a s i n g l e f e a t u r e fo r v iewing 

and s e l e c t i o n of more than one f e a t u r e , but there was no conv inc ing 

e v i d e n c e that m u l t i p l e - f e a t u r e s e l e c t i o n was a func t ion of exposure 

o r a g e . In another study,- however, S a l a p a t e k (1969) reported that 

younger i n f a n t s e x h i b i t e d a t i g h t e r form of scan than o l d e r o n e s , 

i . e . , f i x a t i o n s f e l l w i t h i n a narrower por t ion of the v i s u a l f i e l d 

In the presence of a geomet r ica l f i g u r e , and most of t h e i r v i s u a l 

scan was c o n c e n t r a t e d on a ve ry l i m i t e d p o r t i o n of the s t imu lus 

p a n e l , A problem of i n t e r p r e t i n g these data concerns the s i z e of the 

s t i m u l u s f i g u r e s w h i c h , in the s t u d i e s reported above was u s u a l l y 



q u i t e l a r g e ( i n S a l a p a t e k and K e s s e n ' s I966 study the s t i m u l u s 

t r i a n g l e was 8 Inches to a s i d e , w i th an e y e - t o - s t l m u l u s d i s t a n c e of 

9 i n c h e s ) . As d i s c u s s e d In an e a r l i e r s e c t i o n of t h i s c h a p t e r , the 

s e l e c t i o n of s i n g l e f e a t u r e s may be a consequence of a l i m i t e d f i e l d 

of v iew r a t h e r than a consequence of an I n a b i l i t y to p e r c e i v e form. 

Ha l th ( 1 9 6 8 ) , u s i n g I n f r a r e d c l o s e d c i r c u i t t e l e v i s i o n which 

e n a b l e s r e c o r d i n g i n a b s o l u t e darkness was a b l e to record the newborn's 

o c u l a r response to l i g h t e x t i n c t i o n , in many c a s e s , an a p p a r e n t l y 

s l e e p i n g i n f a n t opened h i s eyes w i d e l y and began to scan a c t i v e l y in 

the d a r k . T h u s , the re I s an o r i e n t i n g response to l i g h t o f f s e t . 

He suggested tha t the newborn may be regarded as an organism equipped 

w i t h some Inna te "programming I n s t r u c t i o n s " that d i r e c t h i s scanning: 

(a) I f a l e r t and l i g h t i s not too b r i g h t , open up; (b) i f eyes open, 

but see no l i g h t , s e a r c h ; (c ) i f see l i g h t but no edges , keep 

s e a r c h i n g ; (d) i f see e d g e s , hold and c r o s s . 

A l l i n v e s t i g a t o r s u s i n g t h i s cornea l r e f l e c t i o n technique have 

used the c e n t r e of the pup i l as the best I n d i c a t i o n of the point of 

f i x a t i o n . T h i s assumpt ion d e r i v e s d i r e c t l y from the e a r l i e r work 

of F a n t z whose c r i t e r i o n of f i x a t i o n , as noted e a r l i e r and i l l u s t r a t e d 

i n the p r e v i o u s s e c t i o n ( F i g u r e 1.1) was the r e f l e c t i o n of the 

s t i m u l u s o y e r the c e n t r e o f the i n f a n t ' s e y e . However, dur ing 

p r e l i m i n a r y c a l i b r a t i o n runs w i th a s i m i l a r technique i t was no t iced * 

tha t t h e r e a r e o f t e n marked and c o n s i s t e n t d i s p a r i t i e s between the 

c e n t r e of the pupi l and the f i x a t i o n p o i n t . The f i r s t s e r i e s of 

i n v e s t i g a t i o n s c a r r i e d out by the author explored the d i s p a r i t i e s 

f u r t h e r , u s i n g a d u l t s and newborn babies a s s u b j e c t s . An e x p l a n a t i o n 

of the c a u s e s of these e f f e c t s r e q u i r e s a d e t a i l e d c o n s i d e r a t i o n o f 

the r e l e v a n t ana tomica l s t r u c t u r e s of the e y e , and of the p h y s i o l o g i c a l 

o p t i c s o f the c o r n e a l r e f l e c t i o n techn ique . The e a r l y i n v e s t i g a t i o n s 
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w i t h t h e t e c h n i q u e , and t h e e x p l a n a t i o n s f o r t h e d i s p a r i t i e s f o u n d , 

a r e g i v e n i n c h a p t e r s 2 , 3 , and k. I n a d d i t i o n t h e r e a r e a number o f 

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

i n v e s t i g a t o r s . These a r e d e t a i l e d more f u l l y i n c h a p t e r k. However, 

p e r h a p s t h e m a j o r i m p l i c a t i o n c o n c e r n s t h e n e w b o r n ' s a b i l i t y t o f i x a t e 

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

C h a p t e r s 6 and 7 o f t h i s t h e s i s d e s c r i b e t h e f u r t h e r s t u d i e s c a r r i e d 

o u t t o d e t e r m i n e w h e t h e r o r no t t h e neona te i s a b l e t o c o n v e r g e , 

and t o w h i c h t y p e s o f s t i m u l i . 



2i 

CHAPTER 2 

THE CORNEAL REFLECTION TECHNIQUE: TESTING SEgUENCES WITH ADULTS 

When t h e a p p a r a t u s f o r r e c o r d i n g eye p o s i t i o n changes i n 

newborns had been c o n s t r u c t e d , s e v e r a l t e s t i n g sequences were c a r r i e d 

o u t t o d e t e r m i n e t h e a c c u r a c y o f t h e c o r n e a l r e f l e c t i o n t e c h n i q u e . 

O t h e r u s e r s ( H a i t h , 1968, 1969; Kessen , 1967; Kessen , S a l a p a t e k and 

H a i t h , 1972; N e l s o n , 1969; S a l a p a t e k , 1968 and 1969; S a l a p a t e k and 

K e s s e n , 1966, 1969 and 1973; W i c k e l g r e n , I967 and I 9 6 9 ) , have made 

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

t h e l i n e o f s i g h t t o w i t h i n a few degrees o f v i s u a l a n g l e when used 

w i t h newborns . The t e s t i n g sequences d e s c r i b e d be low show t h a t t h i s 

may no t be t h e c a s e . 

The a p p a r a t u s , g e n e r a l p r o c e d u r e , and s c o r i n g p r o t o c o l employed 

we re s i m i l a r f o r a l l t h e s e sequences , and t h e s e a r e t h e r e f o r e 4... 

d e s c r i bed f i r s t . 

A p p a r a t u s and Pho tog raphy A p h o t o g r a p h o f t h e s p e c i a l l y c o n s t r u c t e d 

a p p a r a t u s i s shown i n F i g u r e 2 . lA ( t h e r e c o r d i n g camera was no t i n 

p o s i t i o n when t h i s p h o t o g r a p h was t a k e n ) . F i g u r e 2 . I B i s a 

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

e x p e r i m e n t a t i o n w i t h n e o n a t e s . The same a p p a r a t u s ( w i t h t h e o b v i o u s 

e x c l u s i o n o f t h e head and h i p r e s t r a i n i n g c o t ) was used i n t h e 

t e s t i n g sequences w i t h a d u l t s . The s t i m u l i ( d e s c r i b e d i n d i v i d u a l l y 

f o r t h e t e s t i n g sequences) were p l a c e d o v e r a 9 l ' i n c h d i a m e t e r h o l e 

c u t o u t o f a 16 X 26 i n c h a l u m i n i u m s t i m u l u s s c r e e n . S i x marker 

l i g h t s (Bausch and Lomb N i c h o l a s i l l u m i n a t o r s ) were mounted above 

t h e s c r e e n ' . 

F o o t n o t e I n i t i a l l y o n l y f o u r i l l u m i n a t o r s were used : t h i s was l a t e r 
changed t o s i x as w i t h more p e r i p h e r a l f i x a t i o n s by t h e s u b j e c t t h e r e 
was o f t e n an i n s u f f i c i e n t number o f c l e a r r e f l e c t i o n s f o r s c o r i n g 
p u r p o s e s . 
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F i g u r e 2 . 1 P h o t o g r a p h (A) and d i a g r a m (B) o f t h e a p p a r a t u s 
used w i t h a d u l t s , and i n t h e f i r s t s e r i e s o f e x p e r i m e n t s w i t h 

n e w b o r n s . 



A condense r i n t h e l amphous ing o f t h e s e i l l u m i n a t o r s s p o t l i g h t s a 

n a r r o w beam o f l i g h t on t h e a r e a t h e i l l u m i n a t o r i s d i r e c t e d a t . The 

l i g h t s o u r c e i s a 6 .5v , , 2 . 7 5 Amp. t u n g s t e n f i l a m e n t lamp b u l b . When 

i n o p e r a t i o n t h e i l l u m i n a t o r s were connec ted t o l abpacks and were run 

a t 6v. t o p r e s e r v e b u l b l i f e . 

Kodak W r a t t e n 87c and C o r n i n g CS 7 -69 f i l t e r s were p l a c e d i n 

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

a r e shown i n F i g u r e 2 . 2 . The 87c f i l t e r s c u t o f f t h e w a v e l e n g t h s 

be low 800nm, and t h e CS 7 - 6 9 f i l t e r s c u t o f f t h e w a v e l e n g t h s be low 

•700 nm and above 1000 nm. The shaded a rea o f t h i s F i g u r e i n d i c a t e s 

t h e w a v e l e n g t h s t h a t can pass t h r o u g h b o t h f i l t e r s . The l i g h t f r o m 

t h e s e i l l u m i n a t o r s passed t h r o u g h s i x ^ i n c h ho les punched o u t o f 

t h e s t i m u l u s s c r e e n , and conve rged a t t h e p o s i t i o n o f t h e s u b j e c t ' s 

eye (10 i nches be low t h e s t i m u l u s s c r e e n ) . W h i l s t t h e eye i s most 

s e n s i t i v e t o t h e w a v e l e n g t h s between 350nm and 750 nm, r a d i a t i o n 

above and be low t h e s e w a v e l e n g t h s can be d e t e c t e d , a l t h o u g h t h e energy 

demand i n c r e a s e s as t h e w a v e l e n g t h i s made l o n g e r o r s h o r t e r ( B a r t l e t t , 

1 9 6 5 ) . T h u s , a l t h o u g h t h e f i l t e r s c u t o f f l i g h t be low 8OO nm, t h e 

b u l b f i l a m e n t s o f t h e i l l u m i n a t o r s were v i s i b l e t o t h e a d u l t as a 

d u l l , r e d d i s h g l o w . The ^^JM ;^a^^c& o f each b u l b f i l a m e n t was 0 . l 6 f t . L . , 

measured w i t h an, e x p o s u r e p h o t o m e t e r . E a c h i n c h h o l e was p o s i t i o n e d 

6 i n c h e s f r o m t h e c e n t r e o f t h e 9j i n c h d i a m e t e r h o l e i n t h e s t i m u l u s 

s c r e e n . The b u l b f i l a m e n t s o f t h e i l l u m i n a t o r s were kj i nches beh ind 

t h e s t i m u l u s p l a n e and a t t h i s d i s t a n c e t h e beam-w id th o f each l i g h t 

was 5 . i n ches i n d i a m e t e r . A c c u r a t e a i m i n g o f each r e f e r e n c e l i g h t was 
I*. 

a c h i e v e d by e n s u r i n g t h a t t h e beam o f l i g h t passed c e n t r a l l y t h r o u g h 

t h e ^ i n c h h o l e i n t h e s t i m u l u s s c r e e n and t h a t , w i t h S c o r r e c t l y 

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

i l l u m i n a t o r s were p o s i t i o n e d t o l e f t and r i g h t o f t h e s h e e t ; t h e 
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r e m a i n i n g f o u r were d i a g o n a l l y p l a c e d . 

A l6mm Pathe Webo M c i n e camera was mounted w i t h t h e camera l ens 

a t a 9 0 ° a n g l e t o , and d i r e c t l y above t h e c e n t r e o f t he Sj i n c h 

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

s m a l l C rouze t e l e c t r i c mo to r w h i c h , when s w i t c h e d o n , caused t h e 

camera t o r e c o r d a t a speed o f one f rame pe r second w i t h an exposu re 

t i m e o f - ^ s e c . The f i l m used was Kodak H igh Speed I n f r a r e d f i l m 

(HIE ^ 3 0 ) . Pho tog raphs were t a k e n a t a d iaph ragm o p e n i n g o f f l l , 

t h r o u g h a 75nim l e n s . The f i e l d o f v i e w o f t h e camera was a p p r o x i m a t e l y 

' 2 X I T J , i n ches and t h e exposed f i l m was n o r m a l l y deve loped f o r h i g h 

c o n t r a s t u s i n g K o d a k ' s d e v e l o p e r D19. 

P r o c e d u r e Each ( a d u l t ) S was p o s i t i o n e d on h i s back i n t h e a p p a r a t u s 

w i t h one eye 10 i n c h e s be low t h e c e n t r e o f t h e h o l e i n t h e s t i m u l u s 

s c r e e n , and w i t h i n t h e f i e l d o f v i e w o f t h e camera . , I n t h e t e s t i n g 

sequences t h e s u b j e c t (s ) was u s u a l l y asked t o f i x a t e each o f a s e r i e s 

o f numbered p o i n t s marked on s h e e t s o f c l e a r a c e t a t e t h a t were p l a c e d 

o v e r t h e h o l e i n t h e s t i m u l u s s c r e e n . Th ree o r f o u r pho tog raphs were 

t a k e n o f t h e S ' s eye as he l ooked a t each o f t he r e q u i r e d p o i n t s . The 

p r o c e d u r e was , i n some sequences , r epea ted w i t h t h e S ' s o t h e r eye 

b e i n g p h o t o g r a p h e d . 

S c o r i nq The s c o r i n g p r o c e d u r e d i f f e r e d i n d e t a i l between t e s t i n g 

s e s s i o n s . E s s e n t i a l l y , however , each f i l m f rame was p r o j e c t e d by a 

16mm a n a l y z i n g p r o j e c t o r o n t o a sca led -down copy o f a p r i n t showing 

t h e r e l a t i v e p o s i t i o n s o f t h e marke r l i g h t s . The image s i z e o f each 

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

eye f i t t e d t h e t e m p l a t e p o s i t i o n s o f t h e p r i n t copy . Each f rame was 

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

r e l a t i v e t o t h e r e f l e c t i o n s o f t h e marker l i g h t s , and m a r k i n g t h i s on 

t h e t e m p l a t e . T h r e e o r f o u r i d e n t i c a l f rames were a v a i l a b l e o f each 



S f i x a t i n g each r e q u i r e d p o i n t . F i g u r e 2 .3 i l l u s t r a t e s t h e s c o r i n g 

p r o c e d u r e : t h e p h o t o g r a p h i s o f an a d u l t ' s eye t a k e n w i t h S f i x a t i n g 

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

s i x r e f l e c t i o n s o f t h e marke r l i g h t s can c l e a r l y be seen e n c i r c l i n g 

t h e p u p i 1 o f t h e e y e . 

When S was f i x a t i n g a r o u n d t h e c e n t r a l r e g i o n t h e r e was l i t t l e 

o r no a p p a r e n t d i s t o r t i o n o f t h e marker l i g h t s , and a l l s i x r e f l e c t i o n s 

were used i n d e t e r m i n i n g t h e p o s i t i o n o f t h e p u p i l c e n t r e . W i t h 

p e r i p h e r a l f i x a t i o n s , however , some d i s t o r t i o n o f t h e marker l i g h t s i s 

a p p a r e n t . T h i s i s shown i n F i g u r e 2.k and t a k e s t h e f o r m o f a 

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

a r e a . W i t h p e r i p h e r a l f i x a t i o n s , t h e r e f o r e , t h e r e f l e c t e d marker 

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

r e l a t i v e p o s i t i o n o f t he p u p i l c e n t r e , and r e f l e c t i o n s o f t h e more 

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

t o n o t e t h a t t h e pu rpose i n most o f t h e t e s t i n g sequences was t o 

d e t e r m i n e t h e p u p i l c e n t r e ' s p o s i t i o n i n r e l a t i o n t o t he c o r n e a l 

r e f l e c t i o n o f t h e f i x a t e d t a r g e t . The r e f l e c t i o n s o f t h e t a r g e t were 

no t v i s i b l e on t h e f i l m ; each t a r g e t p o s i t i o n was t h e r e f o r e i n f e r r e d 

f r o m i t s e x p e c t e d l o c a t i o n w i t h i n t h e marker l i g h t s . However, i n 

a s h o r t e x p e r i m e n t ( t e s t i n g sequence 6 , b e l o w ) i t appeared t h a t 

e s t i m a t i n g t h e t a r g e t p o s i t i o n w i t h i n t h e marker l i g h t s d i d not g i v e 

r i s e t o any a d d i t i o n a l e r r o r . The d i s c r e p a n c i e s r e p o r t e d l a t e r wou ld 

t h e r e f o r e seem t o be u n a f f e c t e d by t h e d i s t o r t i o n o f t h e marker l i g h t s 

m e n t i o n e d , and a r e no t a f u n c t i o n o f , s a y , t h e d i s t a n c e between t h e 

marke r 1i g h t s . 

T e s t i n g Sequence 1 The s t i m u l u s se t i n i t i a l l y was a s e r i e s o f 69 

numbered p o i n t s spaced a t equa l 1 i n c h i n t e r v a l s a l o n g an a c e t a t e sheet 

Sj i n c h e s I n d i a m e t e r ( t h i s shee t was p l a c e d ove r t h e h o l e i n t h e 
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Figure 2.3 To score the f i lm the photographed image of the eye (A) 
i s enlarged unt i l the s i x re f lec t ions of the marker l i g h t s , which 
can be seen e n c i r c l i n g the pupil of the eye, f i t the template ( B ) . 
The posit ion of the centre of the pupil (arrowed in B ) Is then 
ma rked. 



F i g u r e 2 A P h o t o g r a p h o f an a d u l t ' s r i g h t e y e , t aken when S was 
f i x a t i n g a p o i n t t o t h e l e f t o f c e n t r e , w i t h i n t h e marker l i g h t s , 
Note t h a t t h e c o r n e a l r e f l e c t i o n s o f t h e marke r l i g h t s f a r t h e s t 
f r o m t h e f i x a t i o n p o i n t a r e d i s p l a c e d o u t w a r d s . 
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s t i m u l u s p a n e l ) . The p o i n t s were f i x a t e d i n t u r n by one S (AS) 

whose r i g h t eye was p h o t o g r a p h e d . As a s u b j e c t l ooks a t d i f f e r e n t 

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

p o s i t i o n o f t h e ^ m a r k e r l i g h t s changes . T h u s , each s e p a r a t e f i x a t i o n 

i s c h a r a c t e r i z e d by a u n i q u e c o n f i g u r a t i o n o f p u p i l c e n t r e and marker 

l i g h t s ' r e f l e c t i o n . T h i s f a c t was used by Cowey (I963) who pho tographed 

s u b j e c t s ' eyes l o o k i n g a t each o f 99 f i x a t i o n p o i n t s . The deve loped 

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

r e f e r e n c e p h o t o g r a p h s " ; l a t e r f i . x a t i o n s were matched by s c a n n i n g t h e 

a r r a y o f " s t a n d a r d s " u n t i l t h e a p p r o p r i a t e one was f o u n d . A l ess 

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

t e s t i n g sequence: t h e p o s i t i o n s o f t h e c e n t r e o f t h e p u p i l f o r 

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

" f i x a t i o n map" was c o n s t r u c t e d . F i g u r e 2.5 shows a " f i x a t i o n map" 

made i n t h i s manner . The s u c c e s s i v e p o s i t i o n s o f t h e p u p i l c e n t r e 

f o r m an o r d e r l y sequence w i t h i n t h e marker l i g h t s . 

The s u b j e c t t h e n f i x a t e d a g a i n each o f t h e 69 p o i n t s , t h i s t i m e 

i n a p r e d e t e r m i n e d random o r d e r . The f i l m o f t h e s e f i x a t i o n s was 

p r o j e c t e d o n t o t h e " f i x a t i o n map" and a judgment was made o f w h i c h 

p o i n t s S had been f i x a t i n g . T h i s j udgment was made " b l i n d " , i . e . , 

t h e o r d e r i n w h i c h t h e p o i n t s had been f i x a t e d d u r i n g t h e " random/ ' 

t r i a l was no t known. T h i s b l i n d judgment was l a t e r compared w i t h 

t h e a c t u a l o r d e r o f f i x a t i o n , and t h e two were i n p e r f e c t ag reemen t . 

T h i s p r o c e d u r e was r e p e a t e d w i t h a second s u b j e c t (MR); t h i s t i m e 

t h e s t i m u l u s was an a r r a y o f 89 p o i n t s , s p a c e d ^ inches a p a r t -

a s e p a r a t i o n t h a t i s a p p r o x i m a t e l y 5° v i s u a l a n g l e a t t h e e y e - t o -

t a r g e t d i s t a n c e (10 i n c h e s ) . 50 o f t h e numbered p o i n t s were r e -

f i x a t e d , and t h e " b l i n d j u d g m e n t " c o r r e c t l y i d e n t i f i e d kS o f t h e s e . 

The r e m a i n i n g one was i n c o r r e c t l y j u d g e d because o f a d i f f i c u l t y i n 

d e t e r m i n i n g t h e p u p i l c e n t r e f o r t h a t f i x a t i o n . 
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F i g u r e 2 . 5 I n d i v i d u a l l y d e t e r m i n e d f i x a t i o n map f o r one S (MR), 
whose l e f t eye was r eco rded f r o m . On ly k marker l i g h t s were i n 
p o s i t i o n when t h i s f i x a t i o n map (and a l s o t h e one shown i n 
F i g u r e 2 , 6 ) was d e r i v e d . Note how the p o s i t i o n s o f t h e p u p i l 
c e n t r e f o r s u c c e s s i v e f i x a t i o n s f o r m an o r d e r l y sequence w i t h i n 
and a round t h e marke r l i g h t s . D e p a r t u r e s f r o m r e g u l a r i t y a r e 
most p r o b a b l y t h e r e s u l t o f s l i g h t i r r e g u l a r i t i e s i n t h e a n t e r i o r 
s u r f a c e o f t h e cornea w h i c h fo rms t h e r e f l e c t i n g s u r f a c e . 



T h u s , when t h e s t i m u l u s was a g r i d o f p o i n t s a r r a n g e d 5 ° 

a p a r t i n h o r i z o n t a l and v e r t i c a l rows t h e maximum e r r o r i n v o l v e d 

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

d i a g o n a l ( i . e . , c l o s e t o 3 2 ° ) 98% o f t h e t i m e . T h i s a p p l i e s when an 

i n d i v i d u a l l y d e t e r m i n e d f i x a t i o n map i s a v a i l a b l e f o r t he s u b j e c t ' s 

v i e w i n g e y e . Cowey (1963) a l s o r e p o r t s t h i s degree o f a c c u r a c y t o 

a p p l y . 

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

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

Two o t h e r s u b j e c t s v i ewed s e l e c t e d p o i n t s on t he a r r a y and f i x a t i o n 

maps were d e r i v e d ; t h e s e s u b j e c t s showed s i m i l a r d i s p l a c e m e n t s . The 

f i x a t i o n map d e r i v e d f r o m one S (wliose r i g h t eye was t h e v i e w i n g eye) 

i s shown i n F i g u r e 2 , 6 , 

To d e t e r m i n e t h e n a t u r e o f t h e d i s t o r t i o n s , and t o t e s t f o r any 

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

o u t . 

T e s t i n g Sequence 2 

S u b j e c t s and p r o c e d u r e The s u b j e c t s were 10 a d u l t s , ages 16-38 

y e a r s . Each s u b j e c t was asked t o f i x a t e t h e c e n t r a l p o i n t on t h e 

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

12 p o i n t s ( l e s s i n one case ) randomly chosen f r o m t h e who le f i x a t i o n 

a r e a . Bo th eyes were s e p a r a t e l y pho tog raphed f o r each f i x a t i o n . 

S c o r i n g and r e s u l t s 145 o f t h e s e f i x a t i o n s were a v a i l a b l e f o r 

a n a l y s i s . Hav ing i n i t i a l l y l o c a t e d t h e p u p i l c e n t r e f o r each f i x a t i o n , 

i t s d e v i a t i o n ( i f any ) f r o m t h e t a r g e t p o s i t i o n was read o f f f r o m a 

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

o r i g i n a l p r i n t copy and w h i c h showed t h e known t a r g e t p o s i t i o n s w i t h i n 

t h e marke r l i g h t s , 116 o f t h e s e 1^5 f i x a t i o n s were not c o r r e c t l y 

i d e n t i f i e d , i , e . , f o r t h e s e 116 f i x a t i o n s t h e c e n t r e o f t h e p u p i l was 

l o c a t e d 2 ^ ° o r more f r o m t h e t a r g e t p o s i t i o n . I f t h e c e n t r e o f t h e 
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F i g u r e 2 . 6 F i x a t i o n map f o r s u b j e c t FG ( r i g h t e y e ) . I f t he c e n t r e 
o f t h e p u p i l r e p r e s e n t s t h e l i n e o f s i g h t t h e p o s i t i o n s o f t h e 
p u p i l c e n t r e wou ld have b e e n - c o n t a i n e d w i t h i n t he square drawn around 
t h e marke r l i g h t s . The e r r o r s a r e g r e a t e s t f o r t h i s S when t h e r i g h t 
eye l o o k s t o t h e r i g h t . Fo r s u b j e c t MR, whose f i x a t i o n map i s shown 
i n F i g u r e 2 .5> t h e most o v e r l a p o c c u r s , and t h e e r r o r s a r e g r e a t e s t , 
when t h e l e f t eye l ooks t o t h e l e f t . 

\ 



0̂ 
p u p i l were t h e bes t i n d i c a t i o n o f t h e l i n e o f s i g h t t h i s a n a l y s i s 
w o u l d have c o r r e c t l y i d e n t i f i e d t h e f i x a t i o n p o s i t i o n most o f t h e t i m e : 
c l e a r l y , i t d i d n o t . F u r t h e r a n a l y s i s showed t h a t e r r o r s f o r t h e 
l e f t eye were p r e d o m i n a n t l y i n s t a n c e s i n w h i c h t h e p u p i l c e n t r e was 
l o c a t e d t o t h e l e f t o f i t s e x p e c t e d p o s i t i o n ; f o r t h e r i g h t eye most 
e r r o r s were i n t h e o p p o s i t e d i r e c t i o n s . 

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

F i g u r e s 2 .7 and 2 , 8 , f o r t h e l e f t and t h e r i g h t e y e s . The p o i n t s 

r e p r e s e n t t h e h o r i z o n t a l ( F i g s , 2.7A 1 & 2 and B 1 & 2) and v e r t i c a l 

( F i g s , 2 .8A 1 £• 2 and B 1 & 2) d i s p a r i t i e s found between t h e sco red 

p o s i t i o n and t h e p o s i t i o n t h e s u b j e c t was asked t o f i x a t e . I n a l l 

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

o f t h e t a r g e t and t h e p u p i l c e n t r e . In F i g u r e s 2.7A 1 & 2 and B 1 & 2 

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

be tween t h e t a r g e t p o s i t i o n and t h e c e n t r a l p o i n t . The v e r t i c a l 

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

t o t h e r i g h t . Data f r o m t h e k s u b j e c t s who were asked o n l y t o f i x a t e 

t h e c e n t r e p o i n t a r e no t shown i n t hese F i g u r e s , The h o r i z o n t a l , 

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

1,38 i n c h e s , 0 .62 i n c h e s , 1.0 i n c h e s , and 0 .88 i n c h e s , a n d , f o r t h e 

r i g h t e y e , 1.25 i n c h e s , 0 . 75 i n c h e s , 1.25 i n c h e s , and 1.12 i nches 

( t h e d i s p l a c e m e n t s f o r t h e l e f t eye a r e t o t he l e f t , and f o r t h e r i g h t 

eye a r e t o t h e r i g h t , f o r t h e s e ^ Ss) . In F i g u r e s 2 ,8A 1 £• 2 ,and 

B 1 & 2 t h e v e r t i c a l component i s c o n s i d e r e d and p o s i t i v e sco res 

r e p r e s e n t d i s p l a c e m e n t u p w a r d . No s y s t e m a t i c i n t e r a c t i o n s between 

h o r i z o n t a l and v e r t i c a l c o o r d i n a t e s were f o u n d . I n t h e c e n t r a l r e g i o n 

0 .18 i n c h e s c o r r e s p o n d s t o 1° o f v i s u a l a n g l e ; a s l i g h t l y g r e a t e r 

f i g u r e a p p l i e s i n t h e p e r i p h e r y . The ave rage h o r i z o n t a l and v e r t i c a l 

d i s p a r i t i e s a r e p r e s e n t e d i n F i g u r e s 2.9A and 2 . 9 B , r e s p e c t i v e l y , and 
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r i g h t eye o f each s u b j e c t . 
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found. 



2 a r e d e r i v e d from the data in F i g u r e s 2.7 and 2 .8 . 

I t i s immediately e v i d e n t that there a r e la rge d i s c r e p a n c i e s of 

the pupi l c e n t r e from the f i x a t i o n p o i n t . Even wi th c e n t r a l f i x a t i o n 

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

approx imate ly 4 ° of v i s u a l a n g l e . T h i s d isp lacement i s to the r ight 

when S f i x a t e s w i t h h i s r i g h t eye and to the l e f t when S f i x a t e s w i th 

h i s l e f t e y e . A second e f f e c t i s ev ident when S f i x a t e s away from 

m i d l i n e . T h i s i s a lways in the d i r e c t i o n away from the f i x a t i o n 

p o i n t , ( for example, when the s u b j e c t f i x a t e s a point k inches above 

m i d l i n e the average scored p o s i t i o n i n d i c a t e s inches above m i d l i n e ) . 

N e v e r t h e l e s s , because of t h e - c e n t r a l e f f e c t in the h o r i z o n t a l d i r e c t i o n , 

i t i s p o s s i b l e f o r the o v e r a l l d i s p a r i t y w i th o f f - a x i s f i x a t i o n to be 

reduced ( in most c a s e s the pupi l c e n t r e w i l l approach the ta rge t 

p o s i t i o n as the l e f t eye f i x a t e s r i g h t , and the r igh t eye f i x a t e s l e f t ) . 
i 

T h i s second e f f e c t appears to be i d e n t i c a l in a l l four d i r e c t i o n s , 

and equal fo r both e y e s . 

T e s t i n g Sequence 3 The r e s u l t s presented above were taken from 

s u b j e c t s f i x a t i n g p o s i t i o n s l e s s than 25° from m i d l i n e . F i v e Ss 

(two of whom had been Ss in T . S . 2) f i x a t e d the more p e r i p h e r a l l y 

p l a c e d marker ' l i g h t s , 6 inches to l e f t and r ight of cen t re ,whose 

f i l a m e n t s were v i s i b l e as a d u l l , r edd ish glow, and a l s o the c e n t r e 

p o i n t . 

The o f f - a x i s e f f e c t , d e s c r i b e d in the prev ious t e s t i n g sequence, 

c a u s e s an average change in the scored p o s i t i o n of .865 inches as S 

moves h i s locus of gaze from the c e n t r a l p o s i t i o n to a point k.k inches 

Footnote The c e n t r a l h o r i z o n t a l d i s p a r i t i e s shown in F i g . 2.9A a r e 
the averages from a l l 10 Ss who f i x a t e d the c e n t r e point in the 
s t i m u l u s s e t . 
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from c e n t r e ( f i x a t i o n point 5 in F i g . 2 . 9 A ) , The average change in 

the s c o r e d p o s i t i o n as S f i x a t e d from the c e n t r a l p o s i t i o n to the 

marker l i g h t s (6 inches from the c e n t r a l p o s i t i o n ) , however, was 

.905 i n c h e s , an i n c r e a s e in the d i s p a r i t y r e s u l t i n g from the o f f - a x i s 

e f f e c t of .Ok i n c h e s . T h u s , the r e s u l t s from t h i s t e s t i n g sequence 

i n d i c a t e that the o f f - a x i s e f f e c t s seem to s t a b i l i z e w i th more 

p e r i p h e r a l f i x a t i o n s . 

T e s t i nq sequence k One s u b j e c t f i x a t e d the s i x marker l i g h t s and 

the c e n t r a l po int on the a c e t a t e sheet th ree s e p a r a t e t imes w i t h each 

e y e , each time employing a d i f f e r e n t p o s i t i o n of the head. A f u r t h e r 

s u b j e c t f i x a t e d s e v e r a l o f the numbered p o i n t s under two c o n d i t i o n s , 

(a) w i t h the pup i l of the eye c o n t r a c t e d , and (b) w i th the pupi l 

d i l a t e d . Pup i l d i l a t i o n and c o n t r a c t i o n were caused by s w i t c h i n g 

o f f o r on a f l u o r e s c e n t s t r i p l i g h t above the a p p a r a t u s . 

No d i f f e r e n c e s in the s c o r e d p o s i t i o n o f the pup i l c e n t r e were 

found as a r e s u l t e i t h e r of head p o s i t i o n o r of the s i z e of the pupi l 

o p e n i n g ; t h u s , t h e s e v a r i a b l e s do not appear to a f f e c t the d i s p a r i t i e s 

found. 

T e s t i n g sequence 5 Four s u b j e c t s were u s e d . Each was seated 

approx imate ly 12 inches behind a r u l e r mounted h o r i z o n t a l l y , and at 

r i g h t a n g l e s to h i s l i n e of s i g h t . F i g u r e 2.10 diagrams the a r r a n g e 

ment. Each S . f i x a t e d , s e p a r a t e l y w i t h both e y e s , th ree marked points* 

on the r u l e r : the c e n t r e p o s i t i o n and p o i n t s 3 inches to l e f t and r ight 

of c e n t r e . As S f i x a t e d the requ i red p o s i t i o n an o b s e r v e r (O ) , seated 

w i t h h i s o b s e r v i n g eye immediately behind the c e n t r e point of the 

r u l e r , moved a t o r c h l i g h t u n t i l i t s r e f l e c t i o n appeared (to O) to 

occupy the c e n t r e of the pup i l of the s u b j e c t ' s v iewing e y e . The 

d e v i a t i o n o f the a c t u a l l o c a t i o n o f the t o r c h from the f i x a t i o n 

p o s i t i o n was read o f f by a second o b s e r v e r ; two o r th ree readings 
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F i g u r e 2.10 Each S was seated wi th h i s v iewing eye approximate ly 
12 i n c h e s from the c e n t r a l l y f i x a t e d ta rge t ( B ) . A and C are 
the t a r g e t s 3 . i n c h e s to the l e f t and 3 inches to the r i g h t . The 
o b s e r v e r (O) was seated w i t h h i s o b s e r v i n g eye immediately behind 
t a r g e t B, a long the S ' s l i n e of s i g h t when S f i x a t e d B. 



were taken fo r each f i x a t i o n p o s i t i o n to ensure a f a i r l y r e l i a b l e 

e s t i m a t e of the d i s p a r i t i e s . 

The d i s p a r i t i e s found a r e g iven In t a b l e 2 . 1 . Negat ive v a l u e s 

I n d i c a t e a d isp lacement of the t o r c h ' s l o c a t i o n to the l e f t of the 

s u b j e c t ' s f i x a t i o n p o s i t i o n . A d i r e c t comparison of the magnitudes 

of t h e s e d i s p a r i t i e s w i t h those reported in t e s t i n g sequence 2 i s not 

p o s s i b l e as the e y e - t o - t a r g e t d i s t a n c e was not held constant fo r each 

s u b j e c t . When a s i m i l a r techn ique i s u s e d , w i th t a r g e t s p o s i t i o n e d 

on a p e r i m e t e r , however, a f a i r l y p r e c i s e measure of the ang le a lpha 

may be d e r i v e d ( I . e . , see Davson, 1950, pklS)^. N e v e r t h e l e s s , the 

main e f f e c t s a r e a p p a r e n t . f r o m t h i s t a b l e , and a r e In the same d i r e c t i o n 

as those of t e s t i n g sequence 2 . When the l e f t eye looked to the r igh t 

of c e n t r e the t o r c h l i g h t was held c l o s e to the point f i x a t e d ; when 

the l e f t eye looked to t h e / l e f t thene was a la rge degree of e r r o r . 

The o p p o s i t e I s the c a s e fo r the r i g h t e y e . From t h i s I t can be 

concluded that the camera , o r the s c o r i n g of the f i l m , i s not In some 

way a t f a u l t , as s i m i l a r e f f e c t s a r e found u s i n g a more d i r e c t 

o b s e r v a t i o n of the e y e s . 

T e s t Inq sequence 6 The d i s t o r t i o n of the marker l i g h t s ' p o s i t i o n 

w i t h p e r i p h e r a l f i x a t i o n s was noted e a r l i e r In the s c o r i n g s e c t i o n 

of t h i s c h a p t e r . To determine what e f f e c t t h i s might have a f u r t h e r 

s u b j e c t ( D B ) was u s e d . S was asked to f i x a t e a number of p o s i t i o n s 

r a d i a t i n g h o r i z o n t a l l y and v e r t i c a l l y from the c e n t r e p o s i t i o n on 

the a c e t a t e s t i m u l u s s h e e t . As S f i x a t e d each point a smal l t o r c h , 

he ld a t the f i x a t i o n point I t s e l f , was shone by the exper imenter Into 

Footnote^ The o p t i c a x i s of the eye d i v e r g e s from the v i s u a l a x i s , 
the a n g l e between the two being c a l l e d the ang le a l p h a . 



TABLE 2.1 

Di splacement of t o r c h l i g h t from 
f i x a t i o n p o s i t i o n ( i n i n c h e s ) 

FIXATION POSITION 
(LEFT EYE) 

3" l e f t 
of c e n t r e 

Cent re 3" r i g h t 
of c e n t r e 

SI - 2 . 3 - 1 . 3 5 0.3 

S2 - 2 . 0 - 0 . 7 5 - 0 . 3 8 

S3 - 2 . 6 -1 A 0 

Sk - 2 . 5 - 1 . 3 8 -O.k 

Average - 2 . 3 5 - 1 . 2 2 . - 0 .12 

(RIGHT EYE) 

SI 0 0 .75 1.1 

S2 - 0 . 5 0 .88 1.0 

S3 0 .5 0 .88 1.25 

Sk 0.1 1.1 1.7 

Average 0.02 0 .90 1.26 
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S ' s eye (the l e f t eye was u s e d ) . On the developed f i l m the cornea l 

r e f l e c t i o n of the t o r c h l i g h t , f o r each p o s i t i o n f i x a t e d , was v i s i b l e . 

The f i l m was a n a l y z e d in th ree ways: 

(a) Normally: the d e v i a t i o n of the c e n t r e of the pupi l from 

the i n f e r r e d t a r g e t l o c a t i o n was found. T h i s a n a l y s i s was c a r r i e d out 

u s i n g the r e f l e c t i o n s of the s i x i l l u m i n a t o r s , i . e . , the r e f l e c t i o n s 

of the t o r c h . l i g h t were ignored . 

(b) The d e v i a t i o n of the c e n t r e of the pupi l from the cornea l 

r e f l e c t i o n of the t o r c h l i g h t i t s e l f was found for each f i x a t i o n 

p o s i t i o n . For t h i s a n a l y s i s the . r e f l e c t i o n s of the s i x i l l u m i n a t o r s 

were not u s e d . 

(c ) For each s e p a r a t e f i x a t i o n the p o s i t i o n of the r e f l e x of the 

t o r c h l i g h t was found w i t h i n the marker l i g h t s . 

Resu1 t s The d e v i a t i o n s of the pupi l c e n t r e from the ta rge t p o s i t i o n 

f o r s u c c e s s i v e f i x a t i o n s were the same in (a) and (b ) ; in (c) no 

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

w i t h i n the marker l i g h t s were found. The d e r i v e d p o s i t i o n s of the 

c e n t r e of the pup i l w i t h i n the marker l i g h t s (from (a) and (b) , .above) , 

and of the t o r c h l i g h t ' s r e f l e c t i o n s (c) a r e shown in F i g u r e 2 . 1 1 . 

For one f i x a t i o n p o s i t i o n the t o r c h l i g h t was held away from the 

f i x a t i o n p o s i t i o n to avo id o b s c u r i n g the camera 's f i e l d of v iew. 

The d e r i v e d p o s i t i o n of i t s r e f l e c t i o n (arrowed in F i g . 2 .11B) 

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

From these r e s u l t s i t may be supposed that e s t i m a t i n g the ta rget 

p o s i t i o n from the marker l i g h t s does not g ive r i s e to any f u r t h e r 

e r r o r , and that e s t i m a t i n g the t a r g e t p o s i t i o n i s not i t s e l f a f f e c t e d 

by the marker l i g h t s ' d i s t o r t i o n w i t h p e r i p h e r a l f i x a t i o n s . 

T e s t i n g sequence 7 Cowey (1963) repor ts t h i s cornea l r e f l e c t i o n 

procedure to be r e l a t i v e l y i n s e n s i t i v e to head movements: "The p o s i t i o n 

o f the r e f l e c t i o n r e l a t i v e to the ou te r and inner borders of the i r i s 
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F i g u r e 2.11 F i x a t i o n c h a r t s that c o n s t i t u t e the raw data of 
t e s t i n g sequence 6 . In A a r e shown the der ived p o s i t i o n s of 
the pup i l c e n t r e f o r s u c c e s s i v e f i x a t i o n s ; In B the l o c a t i o n s 
o f the t o r c h l i g h t a r e shown. I f the two records a r e s u p e r -
Imposed i t can be seen t h a t , as S f i x a t e s to the l e f t , the 
pup i l c e n t r e I s d i s p l a c e d p r o g r e s s i v e l y to the l e f t of the 
r e f l e c t i o n of the t o r c h l i g h t . 

\ 
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and to the c e n t r e of the pupi l remains v i r t u a l l y unchanged i f the 

eye ma in ta ins i t s f i x a t i o n but the head moves, fo r i n s t a n c e , ^ i n . " 

(p85) , and a l s o (p86) , " . . . a l l photographs fo r any s i n g l e f i x a t i o n 

point were e s s e n t i a l l y s i m i l a r a l though the head had moved sideways 

up t o ~ i n . " In the exper iments reported l a t e r in t h i s t h e s i s , both 
8 

of the newborn's eyes were photographed s i m u l t a n e o u s l y . When compared 

w i t h photographing one eye a lone t h i s i s e q u i v a l e n t to moving the 

r i g h t eye — inches to r i g h t o f m i d l i n e , and the l e f t eye f i n c h e s 

to l e f t of m i d l i n e (assuming the f i e l d covered by the camera to be 

c e n t r e d in the f o r e h e a d ) . ^ These d i s t a n c e s a r e l a r g e r than those 

t e s t e d by Cowey; a d d i t i o n a l l y , i f any f u r t h e r e f f e c t s were to r e s u l t . 

I t would seem l i k e l y tha t they would be o p p o s i t e In d i r e c t i o n in the 

two e y e s . C o n s e q u e n t l y , t h i s f i n a l sequence w i th a d u l t s was formulated 

to t e s t t h i s p o s s i b i l i t y . ^ / 

One s u b j e c t (DB) f i x a t e d l̂ f p o i n t s , spaced r e g u l a r l y throughout 

the whole f i x a t i o n a r e a . Both eyes were ( s e p a r a t e l y ) recorded from 

under th ree c o n d i t i o n s of v i e w i n g , (a) w i th the eye p o s i t i o n e d — inches 

to l e f t of m i d l i n e , (b) w i t h the eye In a c e n t r a l p o s i t i o n , and (c) 

w i t h the eye f i n c h e s to the r i g h t . 

Resu1ts A smal l e f f e c t was found as a consequence of moving the eye 

^ Inches from m i d l i n e , e q u i v a l e n t to a change in the ana lysed f i x a t i c 

p o s i t i o n of 1 to 2 ° v i s u a l a n g l e . When the eye moved to the l e f t the ' 

recorded p o s i t i o n of the c e n t r e of the pupi l s h i f t e d to the ri ght of 

Footnote T h i s i n t e r p u p i 1 l a r y d i s t a n c e of l i inches I s an a v e r a g e , 
f o r the newborn b a b i e s measured by the a u t h o r . In the a d u l t the 
e q u i v a l e n t d i s t a n c e I s approx imate ly 2 ^ I n c h e s . 

Footnote^ T h i s t e s t i n g sequence was c a r r i e d out a f t e r those on 
newborns reported i n the next c h a p t e r . However, I t seems reasonable 
to I n c l u d e i t here r a t h e r than In i t s c h r o n o l o g i c a l o r d e r . 
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i t s p r e v i o u s l y recorded p o s i t i o n , and v i c e v e r s a . The e f f e c t i s s i m i l a r 

in both eyes a n d , w i t h i n the l i m i t s of a c c u r a c y of the s c o r i n g procedure , 

appeared to be c o n s t a n t a c r o s s the s t i m u l u s f i e l d . The " f i x a t i o n maps" 

d e r i v e d from the p o s i t i o n s of the c e n t r e of the pupi l a r e shown in 

F i g u r e 2.12 f o r the l e f t eye d a t a . In t h i s F igure the two h o r i z o n t a l l y 

l o c a t e d marker l i g h t s on ly a r e shown. I f the f i x a t i o n map for S 

f i x a t i n g w i th h i s eye in a c e n t r a l p o s i t i o n (B in F i g . 2 .12) i s p laced 

over the map of S f i x a t i n g the same p o i n t s , but w i th h i s eye f i n c h e s 

to l e f t of m i d l i n e (A in F i g . 2 . 1 2 ) , w i th the marker l i g h t s ' p o s i t i o n s 

super imposed , i t can be seen that the scored posi t ions-of the pupi l 

c e n t r e a r e ( in A) somewhat to the r ight of t h e i r p o s i t i o n s in B. The 

o p p o s i t e i s found i f B i s p laced over C in t h i s F i g u r e . 

T h u s , in the newborn baby, when both eyes a re photographed the 

na ture of t h i s " b i n o c u l a r e f f e c t " w i l l be to reduce the expected 

o p t i c a l d i v e r g e n c e of the eyes by a combined amount of approximate ly . 

3 ° v i sua l a n g l e . 

CONCLUSION I t i s c l e a r that there a r e o f t e n l a rge d i s c r e p a n c i e s of 

the pup i l c e n t r e from the f i x a t i o n p o i n t , and that the assumption that 

the c e n t r e of the pupi l c o i n c i d e s w i th the l i n e of s i g h t when us ing 

the techn ique cannot be made. I t i s ev iden t that i t i s n e c e s s a r y to 

examine the techn ique in n e o n a t e s , and the exper iments reported in 

c h a p t e r 3 were c a r r i e d out to do t h i s . 
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CHAPTER 3 

THE CORNEAL REFLECTION TECHNIQUE: EXPERIMENTATION WITH NEONATES 

The exper iments reported in t h i s chapter were designed to 

i n v e s t i g a t e the c o r n e a l r e f l e c t i o n technique w i th neonates . In a l l 

of t h e s e exper iments the i n t e n t i o n was to present a s t imu lus in 

known l o c a t i o n s w i t h i n the s t i m u l u s f i e l d , and to e s t i m a t e the 

probable magnitudes of the angle a lpha and of the o f f - a x i s p a r a l l a x 

e f f e c t s from the photographic r e c o r d s . I t i s not , of c o u r s e , p o s s i b l e 

to i n s t r u c t a newborn to f i x a t e a p a r t i c u l a r s t i m u l u s , and i t was 

t h e r e f o r e n e c e s s a r y to p resent a s t i m u l u s that the newborn would, 

from c h o i c e , f i x a t e . 

From the a v a i l a b l e l i t e r a t u r e i t was not p o s s i b l e immediately 

to s e l e c t a s u i t a b l e s t i m u l u s that would cap ture the newborn's 

a t t e n t i o n fo r some length of t ime . Consequent ly , in e m p i r i c a l l y 

a r r i v i n g at a s u i t a b l e s t i m u l u s s e v e r a l f a l s e s t a r t s were made 

(exper iments 1 and 2 ) . The s t i m u l u s that was e v e n t u a l l y u s e d , and 

was e f f e c t i v e in e l i c i t i n g looking b e h a v i o u r , was a v e r t i c a l , h a l f -

i n c h w i d e , a r r a y of l i g h t s . A v e r t i c a l a r r a y was chosen because the 

s u b j e c t could f i x a t e any p o r t i o n , up or down, of the s t i m u l u s , and 

the h o r i z o n t a l d i s p a r i t y between the c e n t r e of the pupi l and the 

t a r g e t ' s p o s i t i o n w i t h i n the marker l i g h t s could be s c o r e d . V e r t i c a l 

d i s p a r i t i e s of the pup i l c e n t r e could not be der ived d i r e c t l y 

from f i x a t i o n s of t h i s type of s t i m u l u s , but could be est imated 

from the magnitudes of the h o r i z o n t a l d i s p a r i t i e s found. 

Some of the exper iments d e s c r i b e d (experiments 1 and 2 of t h i s 

c h a p t e r ; experiment 6 of chap te r 6 ) , were terminated before a l a rge 

number of newborns had.been used as s u b j e c t s . However, when the 

exper imenta l s i t u a t i o n was changed before the r e s u l t s seemed to 
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warrant i t , i t was e i t h e r because the author f e l t that l i m i t a t i o n s 

in the des ign made unambiguous i n t e r p r e t a t i o n of the r e s u l t s i m p o s s i b l e , 

or because a d i f f e r e n t s t i m u l u s seemed l i k e l y to produce b e t t e r 

r e s u l t s . The v a r i a b i l i t y of the s u b j e c t s ' responses was o f ten a 

major cause of a s t i m u l u s change. Newborn babies do not make ideal 

exper imenta l s u b j e c t s : they c r y , f u s s , a r e s i c k , and in o ther ways 

i n d i c a t e t h e i r l a c k of a t t e n t i o n to the s t i m u l u s . However, i f two 

o r t h r e e a p p a r e n t l y a l e r t , wide awake, and qu ie t newborns f a i l e d to 

c o n s i s t e n t l y look a t a s t i m u l u s , even though t h e i r e y e ( s ) were f i x a t i n g 

around the a rea of the s t i m u l u s f i e l d that the s t imu lus was presented 

i n , t h i s appeared s u f f i c i e n t j u s t i f i c a t i o n for changing the s t i m u l u s . 

Appara tus The appara tus d e s c r i b e d In the p rev ious chapter was 

modi f ied for use w i t h neona tes . The u n d e r s i d e of the s t imu lus screen 

was pa in ted matt b l a c k , and s t i m u l i were presented through holes 

in s i m i l a r l y pa in ted s t i m u l u s pane ls which were s e p a r a t e l y p laced 

as requ i red over the Sj Inch diameter hole In the s t imu lus s c r e e n . 

A Kodak Wratten 88A f i l t e r was p laced over a small hole in the c e n t r e 

o f these pane ls to prevent the bab ies from see ing the camera l e n s . 

S u f f i c i e n t i n f r a r e d l i g h t passed through t h i s f i l t e r to a l low 

photographs of the eye to be t a k e n . The aim w a s , so f a r as was 

compat ib le w i t h photographic p u r p o s e s , to present the s t i m u l i a g a i n s t 

a uni form background. 

The luminance of the bulb f i l a m e n t s of the marker l i g h t s , a f t e r 

the r a d i a t i o n had passed through the Kodak Wratten 87c and the 

Corn ing CS 7 -69 f i l t e r s , was 0 . l 6 f t L . , measured w i th an S . E . i . 

exposure photometer, D o r i s and Cooper ( 1966 ) , suggested that b r i g h t n e s s 

s e n s i t i v i t y undergoes rap id development In the f i r s t two months of l i f e . 

They measured the o p t o k i n e t i c ( f o l l o w i n g ) responses of i n f a n t s from 

k days to 69 days of age to a moving f i e l d of b lack and whi te s t r i p e s . 
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The b r i g h t n e s s of the f i e l d was v a r i e d and the minimum I n t e n s i t y 

e l i c i t i n g a response was c o n s i d e r e d the t h r e s h o l d . V a r i a t i o n s in 

the i n t e n s i t y of the wh i te s t r i p e s a l s o Invo lved v a r i a t i o n s In the 

r e l a t i v e I n t e n s i t y of wh i te and b l a c k . The average ( t h r e s h o l d ) 

d i f f e r e n c e In I n t e n s i t y to which I n f a n t s from to 8 days responded 

was ,086 apparent foot c a n d l e s . T h i s t h r e s h o l d measure decreased 

s h a r p l y from k to 20 d a y s . 

I t does not seem p o s s i b l e to i n t e r p r e t these r e s u l t s in terms 

of the v i s i b i l i t y of the marker l i g h t s to the neonates . However, 

t h e r e I s no I n d i c a t i o n from the neonates so f a r t e s t e d that e i t h e r 

the marker l i g h t s o r the camera f i l t e r can be d i s t i n g u i s h e d from 

the sur rounding a r e a . More s p e c i f i c a l l y , even when the babies did 

not respond to the s t i m u l i they d id not appear to respond to any 

o t h e r f e a t u r e of the s i t u a t i o n . 

L i g h t i n g f o r the s t i m u l i was provided by two 60 watt s t r i p 

l i g h t s , loca ted behind and to the s i d e of the h e a d - r e s t r a i n i n g c o t . 

These l i g h t s were connected in s e r i e s . 

S u b j e c t s S u b j e c t s f o r the exper iments were newborn babies s e l e c t e d 

from those In the m a t e r n i t y ward of Dryburn H o s p i t a l , Durham, In t h i s 

p a r t i c u l a r ward the bab ies remained in h o s p i t a l , u s u a l l y for a per iod 

of 10 days from b i r t h . A l l bab ies w e r e . d e l i v e r d d without compl ica t ions 

and were f u l l - t e r m at b i r t h . When there were c o m p l i c a t i o n s at 

d e l i v e r y , or the bab ies were premature , they were housed in a 

d i f f e r e n t ward. 

I n i t i a l l y the bab ies were seen between f e e d s . T h i s , however, 

proved to be u n s a t i s f a c t o r y as the l a rge m a j o r i t y of p o t e n t i a l 

s u b j e c t s were a s l e e p . Consequent ly , the babies used as s u b j e c t s in 

a l l but the ve ry e a r l y exper iments were seen Immediately a f t e r t h e i r 

midday f e e d . Many bab ies were seen who could not be used as s u b j e c t s 

e i t h e r because they c r i e d , s l e p t , o r In o ther ways showed I n a t t e n t i o n 

to the s t i m u l u s . 

/ • . • ' • 
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Procedure Each baby was brought by h i s nxjther to the exper imental 

room on the m a t e r n i t y ward of the h o s p i t a l , and p laced on h i s back in 

a h e a d - r e s t r a i n i n g c o t . Foam rubber clamps a t tached to the cot 

prevented gross s i d e - t o - s i d e head movements. As a h y g i e n i c 

p r e c a u t i o n a c l e a n whi te towel was p laced under each baby. A gauze 

pa tch was p laced over one of the i n f a n t ' s eyes to ensure monocular 

c o n d i t i o n s of v i e w i n g , and the i n f a n t was p o s i t i o n e d under the 

a p p a r a t u s , by means of markers p laced on the cot and on the baseboard 

which supported the c o t , so that the open eye was 10 inches below 

the c e n t r e of the s t i m u l u s panel and w i t h i n the f i e l d of view of 

the camera . C u r t a i n s around the apparatus were drawn, to e l i m i n a t e 

ex t raneous l i g h t , and an exper imenta l s e s s i o n began when the 

s t i m u l u s was presented and the camera swi tched o n . 

The s t i m u l i used a r e d e s c r i b e d in d e t a i l fo r each of the 

e x p e r i m e n t s . 

S c o r i n g and a n a l y s i s A f i l m frame was s c o r a b l e i f one or more of 

the marker l i g h t s was v i s i b l e and i f the c e n t r e of the pupi l could be 

de te rmined . Throughout the exper iments d e s c r i b e d the data for each 

S in each s t i m u l u s p o s i t i o n were ana lyzed s e p a r a t e l y , and were on ly 

scored i f a p r e l i m i n a r y check showed that the re were at l e a s t 15 

s c o r a b l e f rames . A frame in which on ly one marker l i g h t was v i s i b l e 

was scored on ly i f o t h e r frames w i t h i n the same s t imulus p r e s e n t a t i o n 

a l lowed de te rmina t ion of the n e c e s s a r y image s i z e . 

For each s c o r a b l e frame the p o s i t i o n of the c e n t r e of the pupi l 

r e l a t i v e to the marker l i g h t s ' p o s i t i o n was determined in the manner 

p r e v i o u s l y d e s c r i b e d fo r the a d u l t d a t a . 

IN IT IAL TESTING SESSIONS When f i l m i n g w i th a d u l t s ' e y e s , very good 

c o n t r a s t between i r i s and pupi l had been found. With the same c o n d i t i o n s 



of photography, however, a n a l y s i s of the developed f i l m proved 

i m p o s s i b l e because the c e n t r e of the pupi l could not be determined 

wi th any a c c u r a c y . 

The f i r s t 15 s u b j e c t s were used for t e s t i n g purposes o n l y , to 

e s t a b l i s h a p p r o p r i a t e camera s e t t i n g s and i l l u m i n a t o r l e v e l s . Severa l 

a l t e r a t i o n s to the photographic procedure were i n t r o d u c e d . These 

i n c l u d e d : 

(a) the use of l a t e r a l l y p laced i l l u m i n a t o r s . Prev ious 

i n v e s t i g a t o r s ( i . e . ^ S a l a p a t e k , 1968) have used l a t e r a l i l l u m i n a t i o n 

to improve the c o n t r a s t between i r i s and p u p i l , and 

(b) deve lop ing to enhance c o n t r a s t , Hershenson (196^) r e p o r t e d , 

a deve lop ing p r o c e s s , supposedly to i n c r e a s e c o n t r a s t . T h i s r e q u i r e s 

d e v e l o p i n g fo r an a d d i t i o n a l 20 minutes in D19 w i th the a c t i v e 

i n g r e d i e n t s of the deve loper doubled. F i l m from the same s u b j e c t s 

was cu t in to s t r i p s and s e p a r a t e s t r i p s developed e i t h e r normal ly 

or u s i ng t h i s method. 

Ne i the r o f these a l t e r a t i o n s to the procedure produced s a t i s 

f a c t o r y r e s u l t s : overdeve lop ing was found to produce f i l m that was 

much g r a i n i e r , but no more c o n t r a s t y , than normal deve lop ing; as 

l a t e r a l i l l u m i n a t i o n n e c e s s a r i l y i l l u m i n a t e s the e y e ( s ) unevenly 

i t produced more, r a t h e r than l e s s , c o n f u s i o n . 

Adequate c o n t r a s t was l a t e r found when the diaphragm openings o f * 

the camera were v a r i e d : s i n c e neonates ' eyes a re s m a l l e r than a d u l t s ' 

more l i g h t i s needed to o b t a i n a s i m i l a r c o n t r a s t . ' A l l subsequent 

Footnote ' The c o n t r a s t between the I r i s and the pupi l in the f i l m of 
neonates ' eyes w a s , however, never q u i t e as good as that found wi th 
a d u l t s . There a r e two reasons fo r t h i s . F i r s t l y , the lack of 
p igmentat ion In the newborn's I r i s . S e c o n d l y , i t was p o s s i b l e to 
focus the camera f o r each a d u l t S i n d i v i d u a l l y , by i l l u m i n a t i n g the 
eye w i t h l a rge amounts of v i s i b l e l i g h t . T h i s was not p o s s i b l e w i th 
n e o n a t e s , and an average s e t t i n g w a s . u s e d . Because of d i f f e r e n c e s in 
the head s i z e o f d i f f e r e n t S s , and the smal l depth of f i e l d of the 
camera (approximate ly i i n c h ) , the f i l m records were o f t e n s l i g h t l y out 
of f o c u s . 
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photographs were taken w i th a diaphragm opening of f 8 , without the 

p r e s e n c e of l a t e r a l l i g h t s , and the f i l m was developed normal ly . In 

F i g u r e 3.1 a r e shown two photographs of newborns' eyes taken under 

these photographic c o n d i t i o n s . 

EXPERIMENT 1 The s t i m u l u s fo r t h i s experiment was a small (-pr inch 

d iamete r ) l i g h t which e i t h e r f l a s h e d on and o f f approximately once 

e v e r y h a l f s e c o n d , or remained on . The .*u«vv\Aeu\ce of the s t imu lus 

l i g h t was approx imate ly 2 5 f t L . Wicke lgren (1967) suggested that a 

smal l b l i n k i n g l i g h t i s s u c c e s s f u l in a t t r a c t i n g newborns' a t t e n t i o n . 

k s u b j e c t s were used in the f i r s t s tage of the exper iment . With S 

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

a t v a r i o u s l o c a t i o n s , through ho les d r i l l e d in a s t imu lus p a n e l , fo r 

a few seconds per l o c a t i o n . I t appeared from an a n a l y s i s of the f i l m 

r e c o r d s that in no c a s e d id the presence of the f l a s h i n g l i g h t c o n s t r a i n 

the newborns' v i s u a l a t t e n t i o n . P o s s i b l y the l i g h t was not p laced in 

a p a r t i c u l a r l o c a t i o n f o r a s u f f i c i e n t l y long time for the s u b j e c t s 

to l o c a l i z e i t i n s p a c e . 

In the next s tage of the experiment the s t imu lus panel was 

moved and the l i g h t was moved h o r i z o n t a l l y at the s t imu lus plane u n t i l 

the s u b j e c t appeared to f i x a t e i t . The f l a s h i n g l i g h t was then moved 

to a predetermined p o s i t i o n and held there fo r 30 seconds w h i l e the 

camera recorded . 3 s u b j e c t s were u s e d . 

For the f i n a l 2 s u b j e c t s of the exper iment , the n o n - f l a s h i n g 

l i g h t was moved, as d e s c r i b e d above, u n t i l v i s u a l f o l l o w i n g movements 

appeared to be made. When i t was f e l t tha t S was f i x a t i n g , the l i g h t 

was held s t a t i o n a r y , and the camera swi tched on. The l i g h t ' s exact 

l o c a t i o n cou ld l a t e r be determined from i t s r e f l e c t i o n w i t h i n the 

pupi 1 . 

R e s u l t s The r e s u l t s were not ana lyzed in d e t a i l , f o r two main reasons: 



G 2 

F i g u r e 3.1 Pho tog raphs o f two newborns ' e y e s , t aken under t h e 
c o n d i t i o n s d e s c r i b e d (see t e x t ) . 



(1) On some frames the c e n t r e of the pupi l was s u f f i c i e n t l y c l o s e 

to i t s expected l o c a t i o n w i t h i n the marker l i g h t s to i n d i c a t e f i x a t i o n . 

On o t h e r s i t was no t . Exper imenter b i a s , i t was f e l t , would 

i n f l u e n c e the c h o i c e of frames to i n c l u d e in the a n a l y s i s as i n d i c a t i n g 

f i x a t i o n , 

(2) As i t i s a p p a r e n t l y the c a s e w i th a moving s t imu lus of t h i s 

na ture that q u i t e a l a r g e movement of the s t i m u l u s may be n e c e s s a r y 

be fore c o r r e c t i o n of the s l i p p a g e of the ta rge t from the fovea i s 

made (see the rev iew in Chapter 1 ) , the s u b j e c t , w h i l s t appeari nq 

to f i x a t e the l i g h t , might in f a c t be f i x a t i n g a p o i n t , s a y , an Inch 

away. 

As i t was not c l e a r In t h i s experiment how o n - t a r g e t f i x a t i o n s 

were to be d i s t i n g u i s h e d from n o n - f i x a t i o n s , the exper imental 

procedure was abandoned. 

EXPERIMENT 2 A f u r t h e r 11 s u b j e c t s were shown a s e r i e s of j i n c h 

wide v e r t i c a l s t r i p s , pa in ted in whi te on the s t imu lus p a n e l s , 

l o c a t e d s e p a r a t e l y In d i f f e r e n t a r e a s of the v i s u a l f i e l d . Each 

s u b j e c t was shown a maximum of four l i n e s , each s t imu lus being 

p r e s e n t e d f o r approx imate ly 30 s e c o n d s . 

The r e s u l t s were ve ry ambiguous, and no r e a l l y c l e a r - c u t 

e v i d e n c e of o n - t a r g e t f i x a t i o n was found. A p o s s i b l e reason for t h i s 

f i n d i n g i s tha t the whi te l i n e s w h i c h , In the exper imental s i t u a t i o n ' 

each had a '\u«^V^^ft.^ce. of approx imate ly 2 foot Lamberts , a l though 

c l e a r l y v i s i b l e to an a d u l t were too dim to be e a s i l y d i s t i n g u i s h e d 

from the background by the newborn, whose b r i g h t n e s s s e n s i t i v i t y i s 

known to be reduced (Dor is and Cooper, I 9 6 6 ) . One p o s i t i v e f i n d i n g 

that d id emerge from t h i s and the p rev ious experiment was t h a t , w i th 

the l e f t eye open and the r i g h t o c c l u d e d , the baby was most l i k e l y to 

f i x a t e to the l e f t o f m i d l i n e , and was most l i k e l y to look to the 



r i g h t when on ly the r i g h t eye was open. T h i s I s In agreement w i th 

S a l a p a t e k ' s (1968) f i n d i n g that a newborn's eye f i x a t e s much more 

t e m p o r a l l y when the o t h e r eye I s covered than when i t i s not . 

Whi le i t I s p o s s i b l e that b e t t e r r e s u l t s might have been 

o b t a i n e d i f the b r i g h t n e s s l e v e l were I n c r e a s e d , a d i f f e r e n t s t imu lus 

was used in the next exper iment . 

EXPERIMENT 3 

S u b j e c t s S u b j e c t s f o r the experiment were 27 f u l l - t e r m babies 

from k3 to 261 hours o l d , median 117 h o u r s . 28 o ther babies were 

seen but could not be used as s u b j e c t s . 

S t i mu1u s The s t i m u l u s was an a r r a y of e i g h t s m a l l , co loured l i g h t s , 

mounted on a s t r i p of a luminium. The l i g h t s were grouped In two 

s e t s of f o u r , those In each se t b e l n g ^ I n c h e s a p a r t , w i th a c e n t r a l 

gap n e c e s s a r y f o r photographing through when the s t imu lus was 
i 

presen ted c e n t r a l l y . The s t i m u l u s l i g h t s were presented through o n e . 

o f f i v e v e r t i c a l s l i t s , each 6 x ^ i n c h e s . In three s t imu lus p a n e l s . 

These pane ls were s e p a r a t e l y p laced as requ i red over the hole In the 

s t i m u l u s s c r e e n . On the f i r s t panel two of the s l i t s were spaced 

5 1 

1 r r Inches and 32 inches to the l e f t of c e n t r e , and on the second 

panel i d e n t i c a l s l i t s were spaced the same d i s t a n c e to r i g h t of 

c e n t r e . The f i f t h v e r t i c a l s l i t was cut In the c e n t r e of the t h i r d 

s t i m u l u s p a n e l . The h a l f - i n c h width of t h i s s l i t d id not obscure 

the c a m e r a ' s f i e l d of v iew . 

The whole s t i m u l u s a r r a y covered an a rea s l i g h t l y s m a l l e r 

than the S x. j inch s l i t s In the s t i m u l u s p a n e l s . The \om\nflH\£C. of 

each s t i m u l u s l i g h t was approx imate ly 20 foot Lamberts , measured 

w i t h an S . E . i . exposure photometer, a \ v<v».'»r>OLnee. that-

would appear to be a c c e p t a b l e to newborns (Hershenson, 196^) . 

I n i t i a l l y , these l i g h t s were b l i n k i n g when presented to the 



65 
s u b j e c t s , be ing on f o r s e c . and o f f f o r 4 j . s e c . ( the " o n - o f f " 
c o n d i t i o n ) . The s t i m u l u s was l a t e r a l t e r e d so that the l i g h t s 
cou ld e i t h e r b l i n k or remain permanently on (the "on" c o n d i t i o n ) . 
T h i s m o d i f i c a t i o n was des igned to reduce any h a b i t u a t i o n e f f e c t s to 
the o r i g i n a l s t i m u l u s , and dur ing I n t r a - s u b j e c t s t imu lus p r e s e n t a t i o n s 
In l a t e r exper imenta l s e s s i o n s the " o n - o f f " and "on" c o n d i t i o n s were 
a l t e r n a t e d . 

Procedu re The two 60 watt s t r i p l i g h t s that had been used to 

I l l u m i n a t e the s t i m u l u s In the p rev ious experiment were not u s e d . 

T h u s , when the c u r t a i n s around the apparatus were drawn the on ly 

s o u r c e of l i g h t .(other than ve ry smal l amounts of d i f f u s e l i g h t 

tha t might have been p r e s e n t ) , was the s t i m u l u s . 

The s t i m u l u s was shown to each baby In three p o s i t i o n s , depending 

upon which eye was photographed. To maximize the p o s s i b i l i t y that 

S would look a t the s t i m u l u s , the l i g h t s were shown in the c e n t r a l 

p o s i t i o n and i n the two p o s i t i o n s to l e f t of c e n t r e when the l e f t 

eye was open, and c e n t r a l l y and In the two p o s i t i o n s to the r ight 

when photographing the r i g h t e y e . The s t i m u l u s was presented in each 

o f the th ree p o s i t i o n s fo r approx imate ly 1 minute , the sequence of 

p r e s e n t a t i o n being randomly determined f o r each S . 

Data f o r the l e f t eye were most ly c o l l e c t e d i n i t i a l l y . Although 

i t was not expected that the d i s p a r i t i e s found would d i f f e r fo r the 

r i g h t e y e , c o r r o b o r a t i v e data were c o l l e c t e d fo r the r igh t e y e , but 

u s i n g fewer s u b j e c t s . I f S f e l l a s l e e p , or began to c r y , the 

exper imenta l s e s s i o n was d i s c o n t i n u e d . 

S c o r i nq and A n a l y s i s The f i l m frames were i n i t i a l l y scored as 

d e s c r i b e d e a r l i e r in t h i s c h a p t e r . For each s u b j e c t in each s t imu lus 

p o s i t i o n there were p o t e n t i a l l y a v a i l a b l e approximate ly 60 s c o r a b l e 

frames ( in some c a s e s , more ) . When the pupi l c e n t r e had been found, 

r e l a t i v e to the marker l i g h t s ' p o s i t i o n , h o r i z o n t a l c o o r d i n a t e s were 



obta ined by d i v i d i n g the s t i m u l u s f i e l d In to 21 v e r t i c a l Inch 

wide a r e a s . The number of f i x a t i o n s in each a rea was then determined 

f o r each s t i m u l u s p o s i t i o n , these f r e q u e n c i e s being conver ted to 

percen tages to ensure tha t each S c o n t r i b u t e d e q u a l l y to the r e s u l t s , 

A l l the f i l m records whose data were used were r e - s c o r e d , to provide 

e v i d e n c e concern ing i n t r a s c o r e r r e l i a b i l i t y . 

R e s u I t s 19 Ss c o n t r i b u t e d to the r e s u l t s fo r the l e f t e y e , and 

8 Ss c o n t r i b u t e d to the r e s u l t s fo r the r igh t e y e . The percentage 

of f i x a t i o n s f o r each S In each s t i m u l u s p o s i t i o n that f e l l w i t h i n 

each a r e a of the s t i m u l u s f i e l d I s g iven in t a b l e s 3.1 through 3 . 6 . 

The rows a long from 1 and 2 ( in the second column of these t a b l e s ) , 

g i v e , r e s p e c t i v e l y , the r e s u l t s obta ined when the f i l m records were 

f i r s t a n a l y z e d , and the r e s u l t s from the r e a n a l y s i s . The t o t a l 

number of scored f r a m e s , bpth f o r the o r i g i n a l l y ana lyzed and the 

r e a n a l y z e d d a t a , i s g iven In the column on the extreme r igh t of 

t h e s e t a b l e s , I t may be noted that the number of frames deemed 

s c o r a b l e u s u a l l y , d i f f e r s f o r the o r i g i n a l and reana lyzed d a t a , a 

consequence of a number of frames that were not too c l e a r . I f the 

c e n t r e of the pupi l had c o i n c i d e d w i th the l i n e of s i g h t the 

g r e a t e s t percentage of f i x a t i o n s would have been found In the column(s) 

I n d i c a t e d by the s i n g l e , t h i c k l i n e under the t o t a l s row. 

The most common o c c u r r e n c e was fo r an i n d i v i d u a l S to f i x a t e 

the s t i m u l u s when i t was presented in one p o s i t i o n , but not in 

the o t h e r p o s i t i o n s . There a r e th ree main reasons for t h i s f i n d i n g : 

( l ) S may have c l o s e d h i s eyes o r s t a r t e d to c r y dur ing the exper imental 

s e s s i o n ; (2) i f the baby 's eye was not e x a c t l y c e n t r a l l y p l a c e d , 

a smal l head movement, of perhaps h a l f an i n c h , took h i s eye out of 

camera s h o t , so t h a t a l though he may have been f i x a t i n g the s t i m u l u s , 

the r e s u l t s were n o t ' a v a l l a b l e f o r a n a l y s i s ; (3) the f i x a t i o n s of 
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some Ss showed no d e f i n i t e grouping , and I t was assumed that in t h i s 

s i t u a t i o n the s t i m u l u s was not a v a i l a b l e to S . An example of t h i s 

form of f i x a t i o n i s shown in F i g u r e 3 . 2 . In A and B of t h i s F i g u r e 

each dot i s the scored p o s i t i o n of the pup i l c e n t r e fo r a s i n g l e f i l m 

f rame. The p o s i t i o n of the s t i m u l u s i s i n d i c a t e d by the v e r t i c a l l i n e . 

In par t B of t h i s F i g u r e the t i g h t grouping of f i x a t i o n s i s a c l e a r 

i n d i c a t i o n that t h i s S i s " c a p t u r e d " by the s t i m u l u s , and the data 

were u s e d . In par t A of the F i g u r e the apparent f i x a t i o n s from a 

d i f f e r e n t S p resented w i t h the s t i m u l u s in the same c e n t r a l p o s i t i o n 

a r e shown. In t h i s I n s t a n c e the scored f i x a t i o n s a r e o f ten w i d e l y 

d i s p l a c e d from the s t i m u l u s . I t I s p o s s i b l e , of c o u r s e , that both of 

t h e s e Ss were look ing a t the s t i m u l u s and that the S whose f i x a t i o n 

c h a r t I s shown In A was e x h i b i t i n g a l o o s e r form of scan than the 

S shown In B, However, as the aim of the experiment was to e x t r a c t 

in format ion from Ss who were c l e a r l y looking at the s t imu lus ( r a t h e r -

t h a n , s a y , to i n v e s t i g a t e d i f f e r e n c e s In p a t t e r n s of s c a n n i n g ) , the 

data from the S shown i n par t A of t h i s F i g u r e were not used in the 

a n a l y s i s . 

The f i r s t a n a l y z e d and the reana lyzed data were used to g ive a 

measure of i n t r a s c o r e r r e l i a b i l i t y . The number of f i x a t i o n s w i t h i n 

each a r e a of the s t i m u l u s f i e l d was ranked fo r the f i r s t and second 

a n a l y s i s of the f i l m records f o r ten of the I n d i v i d u a l s e t s of d a t a , 

and Spearman rank o r d e r c o r r e l a t i o n c o e f f i c i e n t s ( S l e g e l , 1956, p202) 

were c a l c u l a t e d . These c o r r e l a t i o n c o e f f i c i e n t s ranged from .80 to 

. 9 9 , w i t h a median of . 9 0 , and I n d i c a t e that the number of f i x a t i o n s 

that were scored in the d i f f e r e n t a r e a s of the s t imu lus f i e l d were 

v e r y s i m i l a r when the records were r e a n a l y z e d . 

As a check t h a t the reana lyzed data d id not d i f f e r o v e r a l l from 

those of the f i r s t a n a l y s i s , c o r r e l a t i o n s between the t o t a l percentages 



A B 

F i g u r e 3.2 D i s t r i b u t i o n of 2 newborns' f i x a t i o n s when presented 
w i t h the s t i m u l u s l i g h t s In the c e n t r e p o s i t i o n between the marker 
l i g h t s . Data from S82 a r e shown in A , and from S8l In B. Both 
Ss viewed the s t i m u l u s w i t h the l e f t e y e . 

O lEFT EYE 

• R I G H I EYE 

STIMULUS 
POSITION 

i/i 30 

10 9 8 1 0 1 2 3 4 5 6 7 8 9 10 
LEFT-* REGION OF FIXATION • RIGHT 

F i g u r e 3.3 Frequency d i s t r i b u t i o n s of newborns' f i x a t i o n s in 
21 reg ions o f ' t h e v i s u a l f i e l d . 



o f f i x a t i o n s w i t h i n t h e d i f f e r e n t a reas o f t h e s t i m u l u s f i e l d were 

c a l c u l a t e d , f o r each o f t h e s i x s e t s o f d a t a p r e s e n t e d i n t a b l e s 3 ,1 

t h r o u g h 3 . 6 . These c o r r e l a t i o n c o e f f i c i e n t s were f r o m .92 t o . 9 8 , 

w i t h a median o f . 9 ^ 5 . 

8 Ss da ta a r e i n c l u d e d i n t h e r e s u l t s f o r more t han one p o s i t i o n . 

A l l o f t h e s e Ss showed d i s p a r i t i e s s i m i l a r t o t h e " o n e - p o s i t i o n " 

Ss who v i ewed t h e s t i m u l u s i n t h e s e p o s i t i o n s . A l l Ss whose f i x a t i o n 

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

c o n s i s t e n t and s i m i l a r d i s p a r i t i e s . A d d i t i o n a l l y , a l l Ss showed a 

f i x a t i o n peak w i t h i n 5 ° o f t h e g roup mean. C o n s e q u e n t l y , a l l f i x a t i o n s 

on a p a r t i c u l a r t a r g e t have been combined t o g i v e a d i s t r i b u t i o n o f 

f i x a t i o n p o s i t i o n s . F i g u r e 3 .3 p l o t s t hese d i s t r i b u t i o n s f o r each 

t a r g e t p o s i t i o n , and i s a g r a p h i c a l p r e s e n t a t i o n o f t h e da ta i n 

t a b l e s 3 . 1 t h r o u g h 3 . 6 , The numbered d i s t r i b u t i o n s L I , L 2 , L3 

r e p r e s e n t , r e s p e c t i v e l y , t h e a reas a p p a r e n t l y f i x a t e d when t h e s t i m u l u s 

was p r e s e n t e d c e n t r a l l y , and 1 - ^ i nches and } j i nches t o l e f t o f 

c e n t r e . The R l , R2 and R3 a r e t h e c o r r e s p o n d i n g d i s t r i b u t i o n s f o r 

t h e r i g h t e y e . The peai< o f t h e r e l e v a n t d i s t r i b u t i o n wou ld have been 

i n m e d i a t e l y be low t h e a r rowed p o s i t i o n o f t h e s t i m u l u s i f t h e c e n t r e 

o f t h e p u p i l had c o i n c i d e d w i t h t h e t a r g e t p o s i t i o n s , (Number o f 

s u b j e c t s i n each c o n d i t i o n : 13, N = 7 ; L 2 , N = 10; L I , N = 7 ; 

R l , N = 3; R2, N = 4 ; R3, N = 5 ) . 

I n t a b l e 3 . 7 i s g i v e n i n f o r m a t i o n abou t t h e ages a t t h e t i m e 

o f e x p e r i m e n t i n g , b i r t h o r d e r , b i r t h w e i g h t , and sex o f t h e b a b i e s 

seen d u r i n g t h e c o u r s e o f Expe r imen t 3 . A l t h o u g h 27 bab ies were used 

as s u b j e c t s , and 28 b a b i e s were n o t , t h e r e l e v a n t i n f o r m a t i o n c o n c e r n i n g 

t h e s e v a r i a b l e s was no t a lways a v a i l a b l e . Where t h e d a t a g i v e n i n t h i s 

t a b l e a r e n o t ' f r o m t h e f u l l comp lement , t h e number o f b a b i e s who 

c o n t r i b u t e d t o a g i v e n r e s u l t i s g i v e n i n p a r e n t h e s e s . A p o s s i b l e 
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d i f f e r e n c e between t h e s u b j e c t s and t hose b a b i e s who were b rough t 

t o t h e e x p e r i m e n t a l room but whose da ta c o u l d not be u s e d , i s i n 

t h e i r w e i g h t s a t b i r t h . The median b i r t h w e i g h t o f t h e s u b j e c t s was 

71bs 6 o z s , 7ozs h e a v i e r t h a n t he median b i r t h w e i g h t ( 6 l b s 15ozs) o f 

t h e b a b i e s who were no t u s e d , A Mann-Whi tney U t e s t f o r independent 

samples ( S i e g e l , 1956, p l l 6 ) was c a r r i e d o u t on t h e r e s u l t s , but an 

a c c e p t a b l e l e v e l o f s i g n i f i c a n c e was not r e a c h e d , (n^ = no . o f 

s u b j e c t s = 2 7 ; = n o . o f b a b i e s not used = 25 ; U = 26k, p = .0885 > 

. 0 5 ) . 

APPARATUS CHANGE 

B e f o r e e x p e r i m e n t 3 had been comp le ted t h e a u t h o r became aware 

o f B o w e r ' s ( 1 9 7 0 s u g g e s t i o n t h a t i n f a n t s I n a s u p i n e p o s i t i o n a r e 

n o t f u l l y awake. As a consequence new a p p a r a t u s was b u i l t t o a l l o w 

eye f i x a t i o n p o s i t i o n t o be r eco rded w h i l e t h e newborn baby i s he l d 

i n an u p r i g h t p o s i t i o n . 

F i g u r e }.k i s a p h o t o g r a p h o f t h e new a p p a r a t u s , and F i g u r e 

3 , 5 i s a s c h e m a t i c d r a w i n g o f t h e a p p a r a t u s . S t i m u l i a r e p o s i t i o n e d 

on b l a c k s t i m u l u s p a n e l s w h i c h a r e hung , as r e q u i r e d , ove r t he c e n t r a l 

h o l e , 9 r i nches i n d i a m e t e r , c u t i n t h e b l a c k a l u m i n i u m sc reen 

(B i n F i g , 3 , 5 ) . The s t i m u l u s p a n e l s a r e l o c a t e d 10 inches i n f r o n t 

o f t h e b a b y ' s e y e s . The l6mm c i n e camera i s mounted beh ind t h e a l u m i n i u m 

s c r e e n , w i t h t h e camera a x i s a t a 90° a n g l e t o t he s c r e e n . The o p t i c a l 

bench a l l o w s t h e camera t o be moved n e a r e r o r f a r t h e r , as r e q u i r e d , 

t o p h o t o g r a p h one o r b o t h e y e s . D u r i n g o p e r a t i o n bo th camera and 

m o t o r a r e c o v e r e d by a s o u n d p r o o f box . 

Ma rke rs a r e f i x e d 10 i nches f r o m t h e s t i m u l u s panel so t h a t t h e 

c e n t r e o f t h e c a m e r a ' s f i e l d o f v i e w i s t h e p o i n t o f i n t e r s e c t i o n o f 

t h e two marke rs (C i n F i g , 3 , 5 ) . The .baby i s p o s i t i o n e d between t h e 

padded ends o f t h e marke rs so t h a t t h e p o i n t o f i n t e r s e c t i o n i s between 
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F i g u r e s 3 . ^ and 3 . 5 P h o t o g r a p h , and schema t i c d r a w i n g o f t h e 
a p p a r a t u s . 
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t h e two eyes (assuming b o t h eyes a r e b e i n g p h o t o g r a p h e d ) . Cas to r s 

f i t t e d t o t h e a p p a r a t u s a l l o w i t t o be moved, as r e q u i r e d , f r om one 

room t o a n o t h e r , 

P r o c e d u r e The p r o c e d u r e i s s i m i l a r t o t h a t d e s c r i b e d e a r l i e r . The 

newborn b a b i e s a r e b r o u g h t t i g h t l y s w a d d l e d , e i t h e r by t h e mother o r 

by t h e e x p e r i m e n t e r t o t h e e x p e r i m e n t a l room. T h e r e , t h e baby i s 

wrapped i n a t o w e l ( f o r h y g i e n i c pu rposes ) and i s h e l d , sea ted u p r i g h t 

on t h e E's k n e e , w i t h h i s eyes i n t h e c e n t r e o f t he two markers (C i n 

F i g . 3 . 5 ) . The c e n t r a l p o i n t between t h e two marke rs i s 3k i nches 

above t h e g r o u n d , a d i s t a n c e w h i c h a l l o w s E t o h o l d t h e baby i n t h e 

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

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

f i e l d o f v i e w o f t h e camera t o be v e r y s m a l l : when b o t h eyes a r e 

p h o t o g r a p h e d t h e camera f i l m s an a rea w h i c h I s 2 ^ Inches w i d e , a 

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

c a n t h i o f t h e e y e s . The baby can be s u p p o r t e d i n a s u p i n e p o s i t i o n 

w i t h one arm t o a l l o w E t o s w i t c h t h e camera and change t h e s t i m u l u s . 

As t he a u t h o r became more p r o f i c i e n t i n t h e use o f t h i s p rocedu re 

s e v e r a l advan tages o v e r t h e p r e v i o u s l y used a p p a r a t u s became appa ren t 

w h i c h m a r k e d l y reduce t h e s u b j e c t l o s s n o r m a l l y e n c o u n t e r e d . F i r s t l y , 

r e c o r d s a r e no l o n g e r l o s t due t o a head movement t a k i n g t h e b a b y ' s 

e y e ( s ) o u t o f t h e c a m e r a ' s f i e l d o f v i e w , such head movements b e i n g 

compensated f o r by E. T h i s compensa t i on does not p roduce any 

a r t e f a c t s i n t h e d e r i v e d f i x a t i o n p o s i t i o n as head movements a r e no t 

con founded w i t h ^ t h o s e eye movements t h a t change t h e b a b y ' s f i x a t i o n 

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

can be c o r r e c t e d by E who can t u r n t h e b a b y ' s head. S e c o n d l y , v e r y 

few e x p e r i m e n t a l s e s s i o n s a r e now t e r m i n a t e d as a r e s u l t o f t h e baby 

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



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

1 9 7 1 , p 6 l 5 ) . 

In e x p e r i m e n t 3 da ta were c o l l e c t e d f r o m newborns l o o k i n g a t a 

c e n t r a l o r an i p s i l a t e r a l s t i m u l u s . A c o n t r a l a t e r a l s t i m u l u s was not 

shown as e a r l i e r r e s u l t s had sugges ted t h a t t h e newborn baby i s most 

l i k e l y t o f i x a t e i p s i l a t e r a 1 l y when t he n o n - f i x a t i n g eye. i s o c c l u d e d . 

W i t h t h e new a p p a r a t u s i t was p o s s i b l e t o o b t a i n r e s u l t s f r o m Ss 

l o o k i n g c o n t r a l a t e r a l l y by h o l d i n g them so t h a t t h e y were f a c i n g t h e 

2 

s t i m u l u s . E x p e r i m e n t k was c a r r i e d o u t t o o b t a i n r e s u l t s f r om Ss 

l o o k i n g a t a c o n t r a l a t e r a l s t i m u l u s . 

EXPERIMENT k 

S u b j e c t s 23 newborn b a b i e s were seen . Of t hese 13 were used as 

s u b j e c t s , 10 c o u l d no t be used as s u b j e c t s : i n 5 cases t h e r e was an 

i n s u f f i c i e n t number o f s c o r a b l e f rames (no f i l m r e c o r d was scored i f 

a p r e l i m i n a r y check showed t h a t t h e r e were l ess t han 15 s c o r a b l e 

f r a m e s ) , and i n 5 cases t h e sco red r e c o r d s d i d no t c l e a r l y i n d i c a t e 

t h a t t h e b a b i e s had been l o o k i n g a t t h e s t i m u l u s . 

S t i m u l u s and p r o c e d u r e The s t i m u l u s was t h e same a r r a y o f 8 c o l o u r e d 

l i g h t s t h a t was used i n e x p e r i m e n t 3 . The l i g h t s were p r e s e n t e d t h r o u g h 

a 6 i nches x ^ i n c h v e r t i c a l s l i t i n one o f two s t i m u l u s pane l s t h a t 

were hung o v e r t h e 92 i n c h h o l e i n t h e a l u m i n i u m s c r e e n . On one o f 

t h e s e p a n e l s t h e s l i t was spaced 2 i nches t o t h e l e f t o f c e n t r e , and 

2 
F o o t n o t e " C o n t r a l a t e r a l l o o k i n g " i s d e f i n e d i n te rms o f f i x a t i o n s 
r e l a t i v e t o t he o b s e r v e r ' s p o s i t i o n , and not i n te rms o f t h e o r i e n t a t i o n 
o f t h e b a b y ' s head . T h u s , i f t h e baby l ooks t o t he l e f t o f t he c e n t r e 
o f t h e s t i m u l u s pane l w i t h t h e r i gh t e y e , he i s " l o o k i n g c o n t r a l a t e r a 1 l y " 
even though S may have t u r n e d t o f a c e t h e s t i m u l u s d i r e c t l y . The 
a u t h o r found t h a t , when b a b i e s f i x a t e a s t i m u l u s they u s u a l l y do t u r n 
t h e i r heads t o f a c e t h e s t i m u l u s . T h i s f i n d i n g i s i n a c c o r d w i t h a 
r e p o r t by T r o n i c k and C l a n t o n ( 1 9 7 1 , P 1^+85), who sugges t t h a t t h e 
i n f a n t , when v i s u a l l y a t t e n d i n g t o a s t i m u l u s , a l i g n s t h e eyes and 
t h e h e a d , a c o n s t r a i n t b e i n g t h a t t h e eyes must be c e n t r e d i n t h e 
h e a d . 



on t h e second pane l was 32 i nches t o l e f t o f c e n t r e . 

The p r o c e d u r e was s i m i l a r t o t h a t d e s c r i b e d under e x p e r i m e n t 3 . 

An e x p e r i m e n t a l s e s s i o n began when t he s t i m u l u s was p r e s e n t e d w i t h 

t h e s u b j e c t i n p o s i t i o n , and t h e camera was s w i t c h e d o n . The s w i t c h 

f o r t h e camera mo to r ,was w i t h i n easy reach o f t h e sea ted E. I n i t i a l l y , 

i t p r o v e d d i f f i c u l t t o change t h e s t i m u l u s p o s i t i o n ( f r o m 2 inches 

l e f t o f c e n t r e t o 32 i nches l e f t o f c e n t r e , o r v i c e v e r s a ) , f o r an 

i n d i v i d u a l s u b j e c t , so t h a t t h e f i r s t 13 b a b i e s seen (8 o f whom 

c o n t r i b u t e d t o t h e r e s u l t s ) were shown t h e s t i m u l u s i n o n l y one p o s i t i o n , 

f o r a p p r o x i m a t e l y two m i n u t e s . 

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

o f t h e s t i m u l u s b e i n g mounted v e r t i c a l l y w i t h r espec t t o t he g r o u n d . 

The s t i m u l u s l i g h t s were screwed i n t o p o s i t i o n on t he a p p r o p r i a t e 

s t i m u l u s p a n e l , and t o change p a n e l s t ook s e v e r a l m i n u t e s . T h i s 

d i f f i c u l t y was overcome when a t h i r d s t i m u l u s panel was c o n s t r u c t e d , 

w i t h 6 i n c h x ^ i n c h v e r t i c a l s l i t s p o s i t i o n e d 2 inches and 35 inches 

t o l e f t o f ' c e n t r e , A s t r i p o f me ta l was f i t t e d on t h e r e v e r s e o f t h i s 

pane l and t h e s t i m u l u s l i g h t s , w h i c h r e s t e d on t h i s meta l s t r i p , c o u l d 

be s l i d so t h a t t hey appeared t h r o u g h t h e a p p r o p r i a t e s l i t i n t he 

p a n e l , 10 s u b j e c t s , 5 o f whom c o n t r i b u t e d t o t h e r e s u l t s , were shown 

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

To ensu re t h a t t h e l i g h t s , r a t h e r t h a n any o t h e r a s p e c t s o f t h e . 

a p p a r a t u s o r s u r r o u n d , were t h e most o b v i o u s v i s u a l s t i mu lus , cu r t a i ns 

i n t h e e x p e r i m e n t a l room remained drawn t h r o u g h o u t each e x p e r i m e n t a l 

s e s s i o n . 

I n a l l cases t h e s u b j e c t ' s l e f t eye was o c c l u d e d by a gauze p a t c h , 

and each newborn was h e l d f a c i n g t h e s t i m u l u s w i t h t h e (open) r i g h t 

eye p o s i t i o n e d i n t h e c e n t r e o f t h e marke rs on t he a p p a r a t u s (C i n 

F i g , 3 . 5 ) . 
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S c o r i nq and r e s u l t s The s c o r i n g p r o t o c o l was i d e n t i c a l t o t h a t 
d e s c r i b e d unde r e x p e r i m e n t 3 . The p e r c e n t a g e o f f i x a t i o n s w i t h i n each 
a rea o f t h e s t i m u l u s f i e l d f o r each S i n t h e two s t i m u l u s p o s i t i o n s i s 
g i v e n i n t a b l e s 3 . 8 and 3 . 9 . These t a b l e s a r e i d e n t i c a l i n c o n s t r u c t i o n 
t o t a b l e s 3 ,1 t h r o u g h 3 , 6 , The r e s u l t s a r e p r e s e n t e d g r a p h i c a l l y i n 
F i g u r e 3 . 6 , whose axes a r e t h e same as t h o s e o f F i g u r e 3 , 3 , 

i n f o r m a t i o n abou t t h e a g e s , b i r t h o r d e r , and b i r t h w e i g h t o f t h e 

b a b i e s seen d u r i n g t h e c o u r s e o f t h i s e x p e r i m e n t i s g i v e n i n t a b l e 3 , 1 0 , 

The o n l y p o s s i b l e d i f f e r e n c e between t h o s e bab ies who w e r e , and t h o s e 

b a b i e s who were n o t , used as s u b j e c t s I s i n t h e b i r t h w e i g h t . The 

median b i r t h w e i g h t o f t h e b a b i e s used as s u b j e c t s was 8ozs g r e a t e r 

t h a n t h a t o f t h e b a b i e s whose r e s u l t s c o u l d no t be u s e d . As t h i s 

f i n d i n g i s I n t h e same d i r e c t i o n as t h a t o f e x p e r i m e n t . 3 t h e da ta f r om 

b o t h e x p e r i m e n t s were combined and a Mann-Whi tney U - t e s t c a r r i e d ou t 

on t h e r e s u l t s . T h i s a g a i n d i d no t i n d i c a t e a s i g n i f i c a n t d i f f e r e n c e , 

between t h e g roups (n^ = no , o f b a b i e s used as s u b j e c t s = ^ 0 ; n^ = 

n o , o f bab ies no t used = 35 ; U = 5 5 ^ , p = , 0 6 l > , 0 5 ) . 

F i g u r e 3 .7 I s d e r i v e d f r o m t h e da ta I n F i g u r e s 3 .3 and 3 . 6 , The 

p o i n t s r e p r e s e n t t h e a v e r a g e d i s p a r i t i e s f o u n d . The da ta f o r r i g h t 

and l e f t eyes have been combined f o r t h e c e n t r a l and I p s i l a t e r a l 

v i e w i n g c o n d i t i o n s , and e x p e c t e d d i s p a r i t i e s a r e I n d i c a t e d by t he 

b r o k e n l i n e s . As i s t h e case w i t h a d u l t s , t h e d i s p a r i t i e s w i l l be 

g r e a t e s t as t h e r i g h t eye l ooks r i g h t and t h e l e f t eye l ooks l e f t . 

The axes o f F i g u r e 3 .7 a r e e q u i v a l e n t t o t h o s e o f F i g u r e 2 , 9 . 

CONCLUSION The c e n t r a l e f f e c t shown i n F i g u r e s 3 .3 and 3 .7 i s somewhat 

l a r g e r t h a n t h a t shown i n t h e a d u l t Ss ( F i g u r e 2 , 9 A ) . The c e n t r a l 

d i s p l a c e m e n t I s a p p r o x i m a t e l y 1,5 i nches w h i c h I s e q u i v a l e n t t o 8^° 



83 

0 3 

<^ 

ui 
_j 
< 

•M -D 
C 
0) 0) 
E . -

. - 1+ -
1- . 
0) 1/1 
Q. 3 
X — 

e 

U 0) 

•—1 + j 
J O 

(/) o 
^ (/) 
O (D 
(D OJ 
(U 1 -

tD 

o — 
U- CN 
(/) C 
C . -
o j : 

. - O) 

M- a) 
o -o 
0) in 
cn to 
fD 

•M T I 
C 0 ) 
(U L. 
O O 
1- O 
(1) UI 

a. 

• -o 
O 0 ) t/l 
C v- (D 

O E CN o a \ o o l A — o VO CO CN 1^ 
— u (TJ CN o CO CO J - CO J - CA CN CN 
ro I/) T — 

J - CO CN CN 

•M l+-
O i*-

1 - o u 
4-J 
c 
(U -d- — r— CN 
o 

CN 

14 - 1 -

o p a ,— CA CA CN LA LA LA LA 

4-J 
u - a : 
0) CN J - CN CN CO J - CN VO VO 

o A •t-l t • — J - C N ' Lr\ VO VO CN CA LA CO LA J - o 
_ 1 ' — ' — CA J -
CSl . Q 

•D 
LU o <n J - cncxj LA CN — CA CN O r-» CA CN CA 

•D 1— CN rr\ CO CN CN CN .— CN — 
Q) < j-> X 
C — 00 CN O <Ti Lr\ — LA cr> — CA J - CA CN CN LA CTV 
(U CO r o J - n-> • — CN CO J - - : J - LA LA CA CN CA 
I/) CN CN 
0) < LU CVJ po 0 0 LA vO CO o o o J - — 0 0 LA VO 
Q . 1 r— C O OA LA LA CSl CN CN CN J - CA o o~> 1 

• < CN — 
t/) 

1 J - r o L n v O LA — LA CN CA r*.. vO O ' 
^ 4/ •— CN J - LA 

E t -
• — u. vO vO 0 0 CN J - CN O 
+j L J CN CA 
to - J 

LA CN CO 

L U 
i n CN r o — — 

> 
U J o O 

' — o O 
h-
C3 

j-J 
o CN — CN <— CN — CN — CN •— CN — CN — CM — CN . — 

0) . 1/1 
— 1 o ' J - o CO cn CA . — •o : 

X I c o o o •— CN (TJ c 
•l-J (D 4 - ' 

CO o u o 
t - C3 1-



cn 
r A 

LU 
- J 

< 

C — 
Q) (D 
E - . 

. - M-
1-
OJ in 
Q . 3 
X 
(U 3 

E 

O (1) 
(U J : : 
•—1 -t-" 

t/i o 

j r 1/1 

U fD 
ro 0) 

L. 
o — 

It- CM 

<r^ c 
C . -
O - C 

. - cn 
M- c 

u - a) ' 

O X I 

(U 1/1 

cn TO TO 
•M -D 
C 0) 
Q) U 
o o 
I- o 
<U (rt 

a . 

•D 
o Q) tfl 
c 1- (U 

O E 0 0 cn l A l A cn o . CA L A cn — CN 0 0 CA J -
• — O TO l A J - l A l A IV. cn CM •— CM CM CM •— LA L A J - 3-
TO in u 

+ J t | -

O "4-0) H O 1_ 
•u 
c 
0) CM 
o 

^-o t - 1— CM CM r v cn CM X 
•M 

- — 

o CM J - J - PA o J - cn 
'— >— 
o 

T CM CM ^ J - LA LA VO VO vD CM CM J - r v 

1 • •— CM 

Q 
r a LU CM - -d- ' J - O CA O LA cn CM OO vO CM CM LA cn 

h - • • ^ — I— CM LA vD 
• d < f 
(U >< 
+J — r A cn o -a- cn LA 00 00 o o cn LA cn J - J - CM LA r>^-:t c • — CM — t — I— J - J - 1— r— LA CA CA CM o 
Q) CM — 
Ul < (U LU J - J - 0 0 r A o LA vO 1^ LA 00 VD CA VO r>» o u^ r-v. cA 
I . CH 1— • — C A C A CA CA CM J - CA CA CA CA CA J - CA CM J - r--
Q . < 

CA J -
CM CM 

t/1 1 l A CNI r— CM CA 0 0 CA 0 0 CA vD — r v — CA CM 
3 4̂  C A C A CM CM CM CM CM CA J - -S- VD vO 

3 1-
£ Ll . vO LA <y\ O o r>. vO LA — LA CA 

•— LU CM CM • — LA LA 
_ l 

to 
CAOO J - — CA CM cn LA CM 

LU CM CM 

> LU o o 
oo CM <r J - LA LA ^ cn o o 1-

-J- oo 00 

t3 1 

*-> CM — CM •— CM — CM CM — CM CM ' •— CM •— CM •— CM 
o 
Q) • l / l 
•-1 o vO 0 0 LA vo cn ' — CA •u .— 

sx c o o o r— CM CM TO c TO 3 4-1 TO +-> 
t o o L. o 1- C J 



®5i: 

CO 

< 

_ l 

< l A 

LU 

iE
X Ll. 

J -
CO 
LU 

c _ l VO LA 
^ E 

i_ 
0) 
Q. Z h -
X < X 0 

L U — C 3 CN I— 

1 - ^ O —' 
14 - X If) LU LU 0 0 
o C 3 N 

— o 
(U 111 
ui 3 T J 
L . C 

X (D J ; LA 
o 1 - o 
o cc </i U J h - c n CO 

— X ) C 3 
Q) OQ — •z. 

J : : < , 2 : 
4-> o5 0 LA ^— 

-
D1 u . v o VO 
c 

1_ 
ZJ 1 

LU / 
X - 3 - CN 

C 1 -
OJ 0 
(U U J 
t/1 t/1 

10 o •z. 
(U CC 
4-1 X 0 
fD H CO 
c 0 0 
o — \-
0) CQ to 
c QC 

(U Ll . 

4—* 

O) 
c s : < LA 

,—. o ^ — LU 
c a: X Q C 3 CA 
u u- l - LU <r c n c n 
0) a£ 
o U 1 — 

o ZD 
o o 0 CN 

X 0 0 0 c n 
c: ^ — ' LU \ - » — . . ^— 

o C 3 
to z 2 : 

4-J LLI < 0 CA 
m J - CA 
E < Ll . 
u 
O 

c Q 
— LU h- I/) 

to 0 CO 
Z 3 CA z 0 

U) — CO >— 
CO CO IS) < LU II LU II 
— to — Q 

< -z. CO LU Z 

< < to 
CO 3 



R 5 R 4 STIMULUS 
POSITION 

O 25 

t 10 

10 9 8 ~7 6 5 4 3 7 1 0 1 
lEFT-< REGION OF FIXATION' RIGHT 
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F i g u r e 3 .7 Observed d i s p l a c e m e n t between t h e f i x a t i o n p o s i t i o n 
and t h e d e r i v e d p o s i t i o n o f t h e p u p i l c e n t r e i n n e o n a t e s . 
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v i s u a l a n g l e a t t h e v i e w i n g d i s t a n c e (10 i n c h e s ) u s e d , ^ The o f f - a x i s 

e f f e c t i s s i m i l a r I n f o r m t o t h a t f o r t h e a d u l t , bu t t he magn i tude o f 

t h i s e f f e c t I s s l i g h t l y l a r g e r . The d i s p a r i t e s found o f t h e scored 

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

be e x p l a i n e d by r e f e r e n c e b o t h t o t h e anatomy o f t h e eye and t o t h e 

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

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

F o o t n o t e I t s h o u l d , p e r h a p s , be emphasized t h a t t h i s p r e c i s e f i g u r e 
w i l l no t be a p p l i c a b l e t o a l l n e o n a t e s . Because o f t h e p r o b a b i l i s t i c 
n a t u r e o f t h e d a t a p r e s e n t e d he re ' i t i s no t p o s s i b l e t o a c c u r a t e l y 
s p e c i f y t h e i n t e r s u b j e c t v a r i a b i l i t y I n n e o n a t e s . However, s i n c e t h e 
f i x a t i o n peaks were a l l w i t h i n 5 o f t h e ave rage i n a l l c o n d i t i o n s . 
I t seems l i k e l y t h a t a s t a n d a r d c o r r e c t i o n based on t h e s e da ta w i l l 
be a c c u r a t e t o w i t h i n - 5 f o r m o s t , I f no t a l l , neonate s u b j e c t s . 
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CHAPTER k 

CAUSES OF THE DISPARITY OF THE PUPIL CENTRE FROM THE TARGET POSITION 

The f i r s t use o f t h e c o r n e a l r e f l e c t i o n t e c h n i q u e o f eye p o s i t i o n 

r e c o r d i n g w i t h neona tes was by S a l a p a t e k and Kessen ( I 9 6 6 ) , and t h e 

t e c h n i q u e was d e v e l o p e d f r o m a method d e s c r i b e d f o r use w i t h monkeys 

by Cowey ( I 9 6 3 ) , and f r o m a l e s s p r e c i s e method o f r e c o r d i n g v i s u a l 

p r e f e r e n c e s d e s c r i b e d by F a n t z ( 1 9 5 6 ) , I n Chap te r 1 a more comp le te 

a c c o u n t o f I t s deve lopmen t I s g i v e n . 

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

whose heads c a n n o t be r i g i d l y r e s t r a i n e d , as s m a l l head movements do 

n o t s u b s t a n t i a l l y a f f e c t I t s a c c u r a c y . Cowey (1963) d i s c u s s e s t h r e e 

o t h e r commonly used systems o f f i n d i n g t h e l ocus o f f i x a t i o n w i t h 

human s u b j e c t s : t h e "Dodge" c o r n e a l r e f l e c t i o n method; e l e c t r o -

o c u l o g r a p h y ; and t h e use o f an a t t a c h m e n t t o t he e y e . A l t h o u g h t hese 

m e t h o d s , when p r o p e r l y u s e d , can g i v e a much more p r e c i s e measure o f 

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

f o r use w i t h newborn b a b i e s f o r two main r e a s o n s , (1) head movements 

need t o be f a i r l y r i g i d l y r e s t r i c t e d , and (2) t h e a t t a c h m e n t o f e l e c t r i c a l 

hook -ups o r o t h e r d e v i c e s c l o s e t o , o r on t h e eyes I s e i t h e r I m p o s s i b l e 

o r w o u l d reduce a p l a c i d baby t o an u n c o o p e r a t i v e o n e . Cowey ( I 963 ) 

g i v e s f u l l e r d e t a i l s c o n c e r n i n g t h e u n s u i t a b i 1 i t y o f t hese o t h e r 

methods f o r use w i t h monkeys . The same arguments a p p l y t o newborn 

b a b i e s . 

A s i m p l i f y i n g a s s u m p t i o n made by o t h e r r e s e a r c h e r s who have used 

t h e p r e s e n t r e c o r d i n g method w i t h neonates I s t h a t t h e c e n t r e o f t h e 

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

g i v e n I n Chap te r 1 . However , t h e e m p i r i c a l da ta p r e s e n t e d I n t h e 

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



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

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

f a c t o r s when m e a s u r i n g f i x a t i o n p o s i t i o n s by compar i ng t h e c o r n e a l 

r e f l e c t i o n o f t h e t a r g e t t o t h e p u p i l c e n t r e . These c o r r e c t i o n s can 

be t a k e n d i r e c t l y f r o m t h e e m p i r i c a l d a t a p r e s e n t e d a n d , i n t h e case 

o f a d u l t s f o r whom r e l i a b l e f i g u r e s a r e a v a i l a b l e , can be c a l c u l a t e d 

f r o m a knowledge o f t h e e y e ' s ana tomy. 

I n t h i s c h a p t e r d e t a i l e d c o n s i d e r a t i o n w i l l be g i v e n t o t h e 

a n a t o m i c a l and o p t i c a l causes o f t h e d e s c r i b e d e f f e c t s . I n i t i a l l y , 

t h e d e t a i l s w i l l be g i v e n f o r t h e a d u l t e y e ; l a t e r , t h e r e l e v a n t 

d e t a i l s f o r t h e neona te eye w i l l be p r e s e n t e d , w i t h p a r t i c u l a r 

emphas is on t h e d i f f e r e n c e s between t h e a d u l t eye and t h e eye a t b i r t h . 

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

' w i 1 1 be d i s c u s s e d . 

CALCULATION OF THE PUPIL CENTRE DISPARITIES IN ADULTS 

1 . P o s i t i o n s o f t h e v i s u a l and o p t i c a l axes o f t he eye By o b s e r v i n g 

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

one i s d e t e r m i n i n g t h e e y e ' s o p t i c a x i s . ^ The o p t i c a x i s i s t h e 

a x i s o f symmetry o f t h e o p t i c a l sys tem and may be d e f i n e d as " . . . 

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

r e f r a c t i v e o p t i c a l media o f t h e e y e , t h e cornea and t h e l e n s " 

( P o l y a k , 1968, p 2 0 9 ) . However, i n t h e a d u l t t h e fovea i s known t o 

l i e some 5 ° t empo ra l t o t h e p o i n t o f i n t e r s e c t i o n o f t he o p t i c a x i s 

w i t h t h e r e t i n a ( B e n n e t t and F r a n c i s , 1962; Davson, 1950; P o l y a k , 

1 9 6 8 ) . T h u s , a c e n t r a l l y f i x a t e d p o i n t i s a c t u a l l y v iewed o b l i q u e l y 

so f a r as t h e o p t i c a x i s o f t h e eye i s c o n c e r n e d , and a l i n e j o i n i n g 

t h e f i x a t e d t a r g e t t o t h e f o v e a ( t h e e y e ' s v i s u a l a x i s , o r t h e l i n e o f 

/ 



v i s i o n o r g a z e ) , w i l l d e v i a t e f r o m t h e o p t i c a x i s by 5 ° ^ ^ T h i s e f f e c t 

i s equa l and o p p o s i t e i n t h e two e y e s ; when b i n o c u l a r l y v i e w i n g an 

o b j e c t t h e two eyes w i l l d e v i a t e o p t i c a l l y by a p p r o x i m a t e l y 10° i n 

t h e a d u l t . The e f f e c t i s i l l u s t r a t e d i n F i g u r e ^ t . l f o r t h e l e f t 

eye ( p a r t B o f F i g . k.] i s an e n l a r g m e n t o f t h e r e l e v a n t p a r t o f A ) . 

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

t h e p u p i l ( p o i n t D i n F i g . 4 . I B ) w i l l appear d i s p l a c e d t o t h e l e f t 

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

p u p i l ( p o i n t E ) . The d i s t a n c e D E i s c a l c u l a t e d as f o l l o w s : a n g l e 

a l p h a ( t h e a n g l e D C E i n t h e F i g u r e ) i s t h e d e v i a t i o n o f t h e o p t i c 

a x i s f r o m t h e v i s u a l a x i s ; t h e d i s t a n c e A C i s t h e r a d i u s o f c u r v a t u r e 

o f t h e c o r n e a ; D E l i e s a l o n g t h e p l a n e o f t h e e n t r a n c e p u p i l ( t h e 

e n t r a n c e p u p i l i s t h e Image o f t h e a c t u a l p u p i l fo rmed by rays w h i c h 

have been r e f r a c t e d a t t h e c o r n e a , and seen by t he o b s e r v e r ) . 

F i g u r e s f o r t h e a d u l t eye a r e w e l l e s t a b l i s h e d : a l p h a = 5 ° . A C = 7.8mm, 

A D = 2.8mm ( f i g u r e s d e r i v e d f r o m Benne t t and F r a n c i s , 1962 ) . T h e r e f o r e , 

t h e d i s t a n c e D E = 5 .0 t a n 5 = 0.4^mm. T h u s , i n t h e ave rage a d u l t , 

when t h e eye changes i t s f i x a t i o n by 5 ° t h e c e n t r e o f t h e p u p i l w i l l 

a p p e a r t o have moved t h r o u g h O.kkmm. 

I n a d d i t i o n t o t h i s e f f e c t , w h i c h n e c e s s i t a t e s a c o r r e c t i o n when 

t h e s u b j e c t ' s f i x a t i o n a x i s c o i n c i d e s w i t h t h e o b s e r v a t i o n a x i s , a 

number o f o t h e r p o s s i b l e sou rces o f e r r o r a r e p r e s e n t w i t h o f f - a x i s 

f i x a t i o n . 

1 A 
F o o t n o t e The v i sua l^ax^^^ oas^ses t h r o u g h t h e doub le nodal p o i n t o f 
t h e e y e , t h i s correspcTr^STn'g '^^^the c e n t r ' ^ ^ t ^ ^ e cornea (Davson, 1950, 
p355) . The f o v e a I s a l s o known t o l i e be low t h e p o i n t o f i n t e r s e c t i o n 
o f t h e o p t i c a x i s w i t h t h e r e t i n a . T h i s e f f e c t i s sma l l - B e n n e t t 
and F r a n c i s , 1962, g i v e a f i g u r e o f 1.5 , P o l y a k , 1968, one o f 3 .5 -
and I s o f a s i m i l a r d i rect i I on i n b o t h e y e s . I n d i s c u s s i n g t h e necessa ry 
c o r r e c t i o n s t h i s e f f e c t has ,been I g n o r e d . 
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2 . P r o j e c t i v e Pi s t o r t i o n A f u r t h e r e f f e c t , n e c e s s i t a t i n g a second 

c o r r e c t i o n t o t h e d a t a , i s f ound when t h e S ' s f i x a t i o n p o i n t and t he 

o b s e r v e r ' s l o c a t i o n d i f f e r . T h i s e f f e c t o c c u r s because t h e p o s i t i o n 

2 

o f t h e v i r t u a l image o f t h e c o r n e a l r e f l e x does not c o i n c i d e p r e c i s e l y 

i n space w i t h t h e e n t r a n c e p u p i l , and t h u s a p a r a l l a x s h i f t o c c u r s 

w i t h o b l i q u e v i e w i n g . 

Some s l i g h t p r o b l e m a r i s e s he re c o n c e r n i n g t h e l o c a t i o n o f t h e 

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

p u p i l i s t h e image o f t h e a c t u a l p u p i l fo rmed by rays w h i c h have 

been r e f r a c t e d a t t h e c o r n e a . I t l i e s i n f r o n t o f , and i s l a r g e r 

t h a n t h e a c t u a l p u p i l , and i t s p o s i t i o n i s dependent upon t h e p o s i t i o n 

o f t h e r e a l p u p i l , i n t h e unaccommodated eye t he p u p i l l i e s some 

3.6mm p o s t e r i o r t o t h e f r o n t s u r f a c e o f t h e c o r n e a , and t h e appa ren t 

p o s i t i o n o f t h e p u p i l I s 3.05mm f r o m t h e c o r n e a . When t he eye 

accommodates f o r near v i s i o n t h e l e n s becomes more convex and the 

p u p i l (wh i ch i s s i t u a t e d i n t h e same p l a n e as t h e f r o n t s u r f a c e o f 

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

c o r n e a . These changes a r e diagrammed i n F i g u r e k.2. U s i n g t h e 

G u l l s t r a n d s c h e m a t i c e y e , t h e p u p i l i n t h e eye f ocused f o r an o b j e c t 

11.6cm away i s 3.2mm f r o m t h e c o r n e a , and t h e f i g u r e f o r t h e e n t r a n c e 

p u p i l i s 2.67mm^. The d a t a p r e s e n t e d i n Chap te r 2 a r e f r o m a d u l t s 

accommodat ing ( p r e s u m a b l y ) t o s t i m u l i a t 10 I n c h e s . To s i m p l i f y t h e 

c a l c u l a t i o n s i t i s assumed he re t h a t t h e e n t r a n c e p u p i l i s , i n t h i s 

2 
F o o t n o t e The Image fo rmed by a convex m i r r o r ( I . e . , t h e c o r n e a ) , i s 
d e f i n e d as a v i r t u a l image because t h e r e f l e c t e d rays f r o m t h e m i r r o r 
appea r t o come f r o m I t (Davson , 1950, p 3 2 9 ) . 

F o o t n o t e ^ C a l c u l a t e d f r o m an e q u a t i o n g i v e n I n Benne t t arid F r a n c i s , 
1962 , p l 0 6 . 



F i g u r e k.2 Changes i n t h e . p o s i t i o n o f t h e p u p i l d u r i n g 
accommoda t i on . F u l l l i n e s i n d i c a t e t he unaccommodated e y e , t h e 
d o t t e d l i n e s t h e changes caused by c o n t r a c t i o n o f t h e c i l i a r y 
musc le as t h e eye accommodates t o near d i s t a n c e s . (From 
T a n s l e y , 1965, p 7 2 ) . 



c a s e , l o c a t e d 2.8mm f r o m t h e a n t e r i o r s u r f a c e o f t h e c o r n e a . 

The m a g n i t u d e o f t h e p a r a l l a x s h i f t may be c a l c u l a t e d w i t h 

r e f e r e n c e t o F i g u r e 4 , 3 ( p a r t B o f t h i s F i g u r e i s an en la rgemen t o f 

t h e a p p r o p r i a t e p a r t o f A ) . H e r e , t h e s u b j e c t i s assumed t o be f i x a t i n g 

a t a r g e t ( T ) a t i n f i n i t y , and t h e o b s e r v e r v i e w s a t a n g l e Q away f r o m 

t h e f i x a t i o n a x i s . The o b s e r v e r w i l l see t h e v i r t u a l image o f t h e 

t a r g e t w h i c h I s l o c a t e d a t t h e p r i n c i p a l f o c u s , F, bu t i t i s now 

o b s e r v e d a l o n g t h e a x i s OF and t h u s w i l l be seen a t p o i n t G r e l a t i v e 

t o t h e e n t r a n c e p u p i l . I f t h e a n g l e 9 i s s m a l l , i t may be shown f r o m 

t h e geomet ry o f t h e f i g u r e t h a t F l i e s 3.9mm beh ind t h e c o r n e a l 

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

2.8mm b e h i n d t h e c o r n e a l s u r f a c e . When t h e a n g l e 0 i s 2 0 ° t h e e f f e c t 

i s g i v e n by t h e d i s t a n c e EG, w h i c h i s EF t a n 6 . 

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

F i g u r e h.], has moved t h r o u g h t h e d i s t a n c e EG (O.^Omm) w h i c h i s 

e q u i v a l e n t t o an a d d i t i o n a l d i s p l a c e m e n t o f 4 , 6 ° v i s u a l a n g l e . 

C o n s i d e r i n g b o t h e f f e c t s , i n t h i s example t h e r e f l e c t i o n o f t he t a r g e t 

i s c o n s e q u e n t l y 9 . 6 ° d i s p l a c e d f r o m t h e c e n t r e o f t he p u p i l ( i f t h e 

o b s e r v e r had moved 2 0 ° t o t h e r i g h t , i n s t e a d o f t o t h e l e f t , t h e 

c o r n e a l r e f l e c t i o n wou ld be d i s p l a c e d o n l y 0 , 4 ° f r o m t h e c e n t r e o f t h e 

p u p i l . 

3 . O b i i q u e a b e r r a t i o n As m e n t i o n e d i n t h e p r e v i o u s s e c t i o n , i f a 

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

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

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

t o i t s r a d i u s o f c u r v a t u r e . However , as t h e a n g l e between t h e o b s e r v e r 

and t h e f i x a t e d . t a r g e t becomes l a r g e r t h e p o s i t i o n o f t h e v i r t u a l Image 

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

a b e r r a t i o n . 
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The geomet ry o f t h e s i t u a t i o n i s shown In F i g u r e kA. An 

e x t r e m e case o f an o b s e r v e r l o c a t e d a t r i g h t a n g l e s t o t h e f r o n t 

s u r f a c e o f a convex m i r r o r i s used i n t h i s F i g u r e t o i l l u s t r a t e t he 

s h i f t I n t h e v i r t u a l image, w i t h e x t r e m e l y p e r i p h e r a l v i e w i n g , towards 

t h e f r o n t s u r f a c e o f t h e m i r r o r . A t y p i c a l o b l i q u e ray w i l l f o l l o w 

t h e p a t h TBO. Because o f s p h e r i c a l a b e r r a t i o n t h i s p a t h does no t 

I n t e r s e c t t h e o p t i c a l a x i s o f t h e sys tem a t t h e p r i n c i p a l f o c u s , F, 

b u t a t p o i n t F ' , w h i c h I s t h e new l o c a t i o n o f t h e v i r t u a l image o f 

t h e t a r g e t . O b l i q u e a b e r r a t i o n w i l l a c t t o reduce t h e e r r o r c a l c u l a t e d 

u n d e r p r o j e c t i v e d i s t o r t i o n . When t h e o b s e r v e r i s p o s i t i o n e d 2 0 ° f r o m 

t h e s u b j e c t ' s f i x a t i o n p o s i t i o n t h e l o c a t i o n o f t h e v i r t u a l image may 

be f o u n d as f o l l o w s : t h e r a d i u s o f cTTrvature o f t h e co rnea ( t h e d i s t a n c e 

BC, and a l s o t h e d i s t a n c e AC, I n F i g . k.k) i s R (7.8mm); the d i s t a n c e 

CF' I s J R sec 10 = 3.9^mm.' T h u s , t h e v i r t u a l Image i s .O'+mm c l o s e r 

t o t h e e n t r a n c e p u p i l , and I n t h i s example t h e a c t u a l e r r o r r e s u l t i n g 

f r o m p r o j e c t i v e d i s t o r t i o n i s k,k°, r a t h e r t h a n k.S^ as c a l c u l a t e d i n 

0̂ + 

t h e p r e v i o u s s e c t i o n , w h i c h i s an e f f e c t o f o n l y .2 . However, as t h e 

o b s e r v e r ' s a n g l e I n c r e a s e s , t h e v i r t u a l image w i l l I n c r e a s i n g l y come 

t o a p p r o a c h t h e e n t r a n c e p u p i l ( f o r e x a m p l e , when t h e a n g l e I s 30° 

t h e v i r t u a l image, c a l c u l a t e d I n t h i s manner , i s .1mm a n t e r i o r t o t he 

p r i n c i p a l f o c u s ) . T h i s e f f e c t w i l l , however , be compensated t o some 

e x t e n t by a d i s p l a c e m e n t I n t h e same d i r e c t i o n o f t h e more d i s t a n t edge 

k 
F o o t n o t e The c a l c u l a t i o n o f t h i s e f f e c t was as f o l l o w s . S i n c e CF' = 
3 . 9 ^ , t h e d i s t a n c e f r o m t h e v i r t u a l image o f t h e t a r g e t t o t h e e n t r a n c e 
p u p i l i s 1.06mm ( i . e . , .Ohmm l e s s t h a n t h e d i s t a n c e found by a d i r e c t 
c a l c u l a t i o n o f p r o j e c t i v e d i s t o r t i o n ) . 

T h u s , t h e d i s t a n c e EG, c a l c u l a t e d under p r o j e c t i v e d i s t o r t i o n 
w i t h r e f e r e n c e t o F i g . 4 . 3 , i s EF' t a n 20 = 1.06mm x .36^+ = .386mm. 
As a d i s p l a c e m e n t o f .khvm a t t h e p l a n e o f t h e e n t r a n c e p u p i l = 5 , 
t h e d i s p l a c e m e n t r e s u l t i n g f r o m t h e combined e f f e c t s o f p r o j e c t i v e 
d i s t o r t i o n and o b l i q u e a b e r r a t i o n i s 5 x .386 = kA_ . 

M 
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Opt ic 
axis 

25 

F i g u r e 4 . 4 D iagram t o i l l u s t r a t e t h e change I n p o s i t i o n o f t h e 
v i r t u a l image due t o o b l i q u e a b e r r a t i o n . 
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o f t h e p u p i l t h r o u g h o b l i q u e a b e r r a t i o n . 

4 , A s p h e r i c l t y o f t h e co rnea For o b l i q u e o b s e r v a t i o n , as shown In 

F i g u r e s 4 , 3 and 4 , 4 , a p e r i p h e r a l r e g i o n o f t h e cornea fo rms t h e 

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

c o r n e a i n c r e a s e s towards t h e p e r i p h e r y , and t h i s w i l l cause a d i s 

p l a c e m e n t o f t h e o b s e r v e d p o s i t i o n . The deg ree o f a s p h e r i c i t y i s known 

t o be v e r y s m a l l (Col 1 i g n o n - B r a c h , 1969 ) ; i t has n o t , however , been 

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

r e c o r d i n g t e c h n i q u e , 

5 . The e f f e c t o f head movements The e f f e c t o f head movements was 

e m p i r i c a l l y t e s t e d as d e s c r i b e d I n Chap te r 2 ( t e s t i n g sequence 7 ) . 

Cowey has d e m o n s t r a t e d (1963 , pp85-86) t h a t t h e p o s i t i o n o f a c o r n e a l 

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

unchanged i f t h e eye m a i n t a i n s i t s f i x a t i o n bu t t he head moves a sma l l 

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

f r o m t h e e y e . T h i s c o n c l u s i o n , however , o n l y ho lds t r u e when t h e p l ane 

o f t h e s t i m u l u s c o i n c i d e s w i t h t h e p l a n e o f t h e marker l i g h t s . I n 

t h e p r e s e n t r e c o r d i n g a p p a r a t u s a head movement o f -2 - i n c h f r o m c e n t r e 

causes a sma l l d i s p l a c e m e n t o f t h e sco red p o s i t i o n o f t h e c e n t r e o f 

t h e p u p i l a m o u n t i n g t o between 1 and 2 ° v i s u a l a n g l e . The cause o f 

t h i s e f f e c t i s shown I n F i g u r e 4 . 5 , The p l a n e o f t h e marker l i g h t s ' 

f i l a m e n t s (LL) i s some k j I nches beh ind t h e s t i m u l u s p l ane ( S S ) , 

When t h e s u b j e c t w i t h h i s eye (E) I n t h e c e n t r a l p o s i t i o n f i x a t e s a 

p o i n t B a t t h e c e n t r e o f t h e s t i m u l u s p l a n e an e x t r a p o l a t i o n o f t h e 

f i x a t i o n l i n e shows t h a t t h e s u b j e c t w i l l be sco red a l s o as f i x a t i n g 

w i t h i n t h e c e n t r e o f t h e marke r l i g h t s ( p o i n t F) , and no d i s t o r t i o n 

w i l l r e s u l t . H o w e v e r , . I f t h e eye moves t o t h e l e f t o f I t s p r e v i o u s 

p o s i t i o n t o E ' , and c o n t i n u e s t o f i x a t e p o i n t B, t h e s u b j e c t w i l l 

a p p e a r . t o be f i x a t i n g p o i n t F' a t t h e p l a n e o f t h e marker l i g h t s (and 



PLANE OF 
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,S STIMULUS 
PLANE 

EB = 10" 

BF = 4-5" 

E E = 75" 

F i g u r e k,5 D iagram t o i l l u s t r a t e t h e e f f e c t o f head movements on 
t h e s c o r e d p o s i t i o n o f t he p u p i l c e n t r e . 

To f I n d t h e a n g l e BEB' : 

(1) D i s t a n c e FF' = EE' x | | = .75 x .3375" 

(2) T h e r e f o r e , t a n a n g l e BEB' = ' ^ ^ ^ ^ = .0233 

(3) T h u s , a n g l e BEB' = 1 .33° 
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hence t o be f i x a t i n g p o i n t B' a t t h e s t i m u l u s p l a n e ) . The magn i tude 

o f t h e r e s u l t a n t e f f e c t i s f ound by d e t e r m i n i n g t h e a n g u l a r change i n 

f i x a t i o n p o s i t i o n t h e eye a t i t s o r i g i n a l l ocus (E) wou ld have had 

t o make t o f i x a t e p o i n t B' a t t h e s t i m u l u s p l a n e - t h e a n g l e BEB' 

w h i c h , when t h e eye .moves -2 . I n c h f r o m c e n t r e . I s 1.33 . T h u s , when 

b o t h o f t h e n e w b o r n ' s eyes a r e pho tog raphed s i m u l t a n e o u s l y , i n f e r r i n g 

t h e s t i m u l u s p o s i t i o n w i t h i n t h e marker l i g h t s w i l l be i n e r r o r by 

t h i s amoun t , t h e e f f e c t b e i n g equa l and o p p o s i t e f o r t he two e y e s . 

The m a g n i t u d e o f t h i s e f f e c t has been c a l c u l a t e d f o r a s u b j e c t f i x a t i n g 

a c e n t r a l r e g i o n o f t h e s t i m u l u s . The e f f e c t w i l l , however , be o f 

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

CONCLUSION The r e s u l t s f r o m t h e t e s t i n g sequences w i t h a d u l t s may 

now be examined I n t h e l i g h t o f t h e s e e f f e c t s . The d e v i a t i o n s found 

f o r c e n t r a l o b s e r v a t i o n a r e s a t i s f a c t o r i l y e x p l a i n e d by t he I n c l i n a t i o n 

o f t h e o p t i c a x i s t o t h e v i s u a l a x i s . W i t h r e g a r d t o t h e o f f - a x i s 

e f f e c t s s e v e r a l - f a c t o r s can be seen t o be a t w o r k . For f i x a t i o n 

p o s i t i o n s d e v i a t i n g an amount up t o , s a y , 2 0 ° f r o m t h e camera ' s 

( o r o b s e r v e r ' s ) p o s i t i o n - t h e range w i t h i n w h i c h t h e e x p e r i m e n t e r 

i s u s u a l l y most i n t e r e s t e d - t h e c a l c u l a t i o n s d e s c r i b e d under p r o j e c t i v e 

d i s t o r t i o n p r e d i c t an e r r o r o f p o s i t i o n , I n t h e d i r e c t i o n f o u n d , o f 

up t o 5 . 

As a d i r e c t i l l u s t r a t i o n o f t h e e f f e c t s , i n F i g u r e k.G a r e shown 

two p h o t o g r a p h s t a k e n o f t h e same a d u l t s u b j e c t who was asked t o f i x a t e 

an unsc reened l i g h t b u l b . I n p a r t A o f t h i s F i g u r e t h e p h o t o g r a p h 

was t a k e n f r o m t h e r i g h t o f t h e s u b j e c t ' s f i x a t i o n p o i n t . Note t h a t 

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

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

I n p a r t B o f t h e F i g u r e t h e p h o t o g r a p h was t a k e n f r o m t h e l e f t o f t h e 

f i x a t i o n p o i n t . A l t h o u g h t h e s u b j e c t had no t a l t e r e d h i s l o cus o f gaze 

/ • 



r 

A 

F i g u r e 4 . 6 Photographs of an adu l t b i n o c u l a r l y v iewing an unscreened 
l i g h t b u l b . In A (above ) , the photograph was taken from the r i g h t 
of S ' s f i x a t i o n p o i n t , and in B (be low) , from the l e f t . The cornea l 
r e f l e c t i o n s of the ta rge t can c l e a r l y be s e e n . 
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t h e c o r n e a l r e f l e c t i o n s i n t h e eyes can be seen t o have s h i f t e d as 

a r e s u l t o f t h e s h i f t i n t h e o b s e r v e r ' s p o s i t i o n . The r e f l e c t i o n o f 

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

e y e , and has moved t o occupy ( a p p r o x i m a t e l y ) t h e p u p i l c e n t r e o f t h e 

l e f t e y e . 

W i t h o b s e r v a t i o n a n g l e s g r e a t e r t h a n 2 0 ° t h e o r e t i c a l c a l c u l a t i o n 

o f t h e e x p e c t e d d e v i a t i o n becomes suspec t ow ing t o t h e d i f f i c u l t y o f 

q u a n t i f y i n g t h e o t h e r causes o f e r r o r d e s c r i b e d , none o f w h i c h , 

h o w e v e r , have s i g n i f i c a n t magn i t ude f o r t h e range i n w h i c h we a r e 

i n t e r e s t e d . A f t e r e l i m i n a t i n g t h e d i s p a r i t y r e s u l t i n g f r o m the 

d e v i a t i o n between t h e o p t i c and v i s u a l axes t h e e m p i r i c a l l y d e t e r m i n e d 

e x t e n t o f t h e o f f - a x i s e f f e c t i s shown i n F i g u r e k.7 f o r a d u l t s 

( b r o k e n l i n e ) and neona tes ( f i l l e d l l n e ) . ^ The expec ted magn i tude 

o f t h i s e f f e c t i n a d u l t s has been c a l c u l a t e d , t a k i n g i n t o accoun t t he 

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

t i o n p o s i t i o n s d i f f e r i n g f r o m t h e f i x a t i o n p o s i t i o n by 10° and 2 0 ° . 

These magn i t udes a r e shown In F i g u r e k j ( f i l l e d c i r c l e s ) and a r e v e r y 

c l o s e t o t h o s e o b s e r v e d . 

The magn i t udes o f b o t h t h e c e n t r a l e f f e c t and t h e o f f - a x i s e f f e c t , 

shown i n F i g . k.7, a r e l a r g e r i n neonates t han a d u l t s . Obv ious 

d i f f e r e n c e s e x i s t between t h e a d u l t and neona te e y e , w h i c h may 

a c c o u n t f o r t h e s e l a r g e r e f f e c t s . These d i f f e r e n c e s a r e c o n s i d e r e d • 

n e x t . 

F o o t n o t e ^ T h i s f i g u r e i s ' d e r i v e d f r o m t h e da ta p r e s e n t e d I n F i g s , 
2 .9A and 2,9B (Chap te r 2 ) , and F i g . 3 .7 (Chap te r 3 ) . 
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F i g u r e 4 , 7 The magn i t ude o f t h e p a r a l l a x e f f e c t due t o o b l i q u e 
o b s e r v a t i o n . I n a d u l t s and n e o n a t e s . 



CALCULATION OF THE PUPIL CENTRE DISPARITIES IN NEONATES 

1, P o s i t i o n s o f t h e v i s u a l a x i s and t h e o p t i c a x i s The most r e c e n t l y 

a v a i l a b l e r e p o r t c o n c e r n i n g t h e s e v a r i a b l e s i s f ound i n Mann ( 1 9 6 4 ) , 

who s t a t e s t h a t " . . . t h e l i n e p a s s i n g t h r o u g h t h e c e n t r e o f t h e cornea 

and l e n s w i l l a t b i r t h s t r i k e t h e r e t i n a a t a p o i n t between t h e fovea 

and t h e d i s c . . . as g r o w t h p roceeds t h i s i n e q u a l i t y d i s a p p e a r s and 

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

( p 4 l ) . T h i s i n d i c a t e s t h a t a s i m i l a r o r s l i g h t l y g r e a t e r e f f e c t i s 

p r e s e n t i n n e o n a t e s , and t h a t t h e c e n t r a l d i s p a r i t y f ound o f 8 j ° f i t s 

w e l l w i t h t h e a n a t o m i c a l d a t a , a l t h o u g h i t seems t h a t Mann i s unaware 

t h a t t h e o p t i c and v i s u a l axes do not n o r m a l l y c o i n c i d e i n t h e a d u l t . 

I n v i e w o f t h e d i s p u t e o v e r t h e f i n d i n g s ( d i s c u s s e d i n t h e nex t 

c h a p t e r ) i t i s r e l e v a n t t o t r a c e t h e sou rce o f Mann's i n f o r m a t i o n . 

The a n a t o m i c a l f i n d i n g s were f i r s t g i v e n by Merke l and O r r ( 1 8 9 2 ) . 

The f o l l o w i n g passages a r e t a k e n f r o m t h e i r r e p o r t : 

The re I s a n o t h e r r e m a r k a b l e d i s c o v e r y , t h a t i s t h a t 

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

o f t h e co rnea w i t h t h e f ovea c e n t r a l i s , has a c o m p l e t e l y 

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

one super imposes t h e v i s u a l axes one can o b s e r v e t h a t 

t h e eye o f t h e newborn I s o r i e n t e d o b l i q u e l y when compared 

w i t h t h e a d u l t ' s I n such a way t h a t t h e l a t e r a l s i d e o f 

t h e f r o n t a l c o r n e a l s u r f a c e does match p r e t t y n e a t l y 

w i t h t h e c o r r e s p o n d i n g s u r f a c e o f t h e a d u l t ' s c o r n e a , 

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

o f t h e a d u l t . 

To o u r s u r p r i s e we found t h a t t h e fovea c e n t r a l i s was 

l o c a t e d as f a r away f r o m t h e o p t i c ne rve e n t r a n c e i n t h e 

newborn as i n t h e a d u l t , w h i c h means t h a t t h e r e I s no 

f u r t h e r g r o w t h between t h e s e two p o i n t s l a t e r i n l i f e . 

In t h e f u r t h e r g r o w t h o f t h e e y e , t h e r e f o r e , t h e 

• m e d i a l h a l f o f t h e eye w i l l grow m o r e , i n p r o p o r t i o n t o 

t h e g r o w t h o f t h e w h o l e body , and t h e l a t e r a l s i d e w i l l 

have a r e t a r d e d g r o w t h . T h i s i s n a t u r a l s i n c e , as a l r e a d y 
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d i s c u s s e d , i n t h e newborn t h e a rea f r o m t h e p a p i l l a t o 

t h e macula i s c o m p l e t e l y d e v e l o p e d . The s t r o n g e r g r o w i n g 

nasa l s i d e pushes t h e co rnea and i t s r e l a t e d p a r t s d u r i n g 

g r o w t h more and more 1 a t e r a I w a r d s , so t h a t e v e n t u a l l y t h e 

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

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

On t h e 22nd day a f t e r b i r t h t h e eye I s v i r t u a l l y 

t h e same as t h e a d u l t e y e . (Merke l and O r r , 1892, f r om 

pp279 , 2 9 1 , 293 and 295: t r a n s l a t e d f r o m t h e o r i g i n a l 

German by M r s . U. D e l i u s ) , 

These passages g i v e e s s e n t i a l l y t h e same I n f o r m a t i o n as does 

Mann, A l t h o u g h v a r i o u s a u t h o r s have s u b s e q u e n t l y r e s t a t e d t h e i r 

f i n d i n g s , e i t h e r i n who le o r i n p a r t , ( i . e , , K e l b e l and M a l l , 1912, 

p 2 5 7 , . W o l f f , 1 9 6 1 , p432 , E l l e r b r o c k , 1963, p84 , and Mann, 1 9 6 4 ) , 

no o t h e r a n a t o m i c a l d a t a (so f a r as t h e p r e s e n t a u t h o r i s a w a r e ) , 

have been r e p o r t e d t h a t a r e r e l e v a n t t o t h i s i s s u e . 

C l e a r l y , some p o i n t s i n t h i s accoun t by Merke l and Or r a r e i n 

e r r o r . As d i s c u s s e d e a r l i e r t h e v i s u a l and o p t i c axes do not c o i n c i d e 

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

t h e a n g u l a r d e v i a t i o n o f t h e s e two axes changes f r o m 8 j ° t o 5 ° f r o m 

t h e ave rage newborn t o t h e ave rage a d u l t e y e , a dec rease o f o n l y 3i°. 

I n f a c t , Merke l and O r r ' s r e p o r t t h a t t h e axes c o i n c i d e I n t h e 22 

day o l d I n f a n t was based on o n l y one s u b j e c t : because o f I n d i v i d u a l 

d i f f e r e n c e s , d a t a f r o m such a sma l l sample canno t be r e l i a b l y 

g e n e r a l i z e d . 

I t seems h i g h l y l i k e l y t h a t t h i s dec rease i n t h e a n g l e a l p h a can 

be a c c o u n t e d f o r s i m p l y by t h e g r o w t h o f t h e a x i a l l e n g t h o f t h e eye 

w i t h a g e . F i g u r e 4 , 8 i s a s c h e m a t i c d i a g r a m o f a h o r i z o n t a l s e c t i o n 

t h r o u g h t h e a d u l t and neona te eye t o i l l u s t r a t e t h i s . From b i r t h t o 

a d u l t l i f e . t h e eye grows 3 . 2 5 t i m e s - a change i n v o l u m e . w h i c h 

p a r a l l e l s t h a t o f t h e b r a i n , w h i c h grows 3 . 7 6 t i m e s . The body , on 
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t h e o t h e r h a n d , i n c r e a s e s 2 ) . 3 6 t imes ( W o l f f , I 9 6 I , pk32). The 

l ens i s rounder t han i n t h e a d u l t , and on accoun t o f i t s a n t e r i o r 

b u l g i n g t h e a n t e r i o r chamber i s s h a l l o w . The cornea i s r e l a t i v e l y 

l a r g e , i t s d i a m e t e r (10mm) b e i n g o n l y s l i g h t l y l ess t han t h a t o f 

t h e a d u l t (11 .6mm). The a x i a l l e n g t h o f t h e eye ( t he d i s t a n c e ANR i n 

F i g . k.8) i s a p p r o x i m a t e l y 24mm i n t h e a d u l t ( H i r s c h , 1963; Benne t t and 

F r a n c i s , 1 9 6 2 ) , and i s 17mm i n t h e neona te ( H i r s c h , 1963; L a r s e n , 

I 9 7 I A , I 9 7 I B and 1 9 7 1 c ) . The r a d i u s o f c u r v a t u r e o f t h e cornea i s 

7.8mm i n t h e a d u l t ; i n t h e neona te i t i s 7.0mm (an ave rage f i g u r e 

g i v e n by L u y c k x , 1 9 6 6 ) . T h u s , i n F i g u r e k.8 t h e d i s t a n c e s AN and 

NR a r e , r e s p e c t i v e l y , 7.8mm and 16.2mm i n t h e a d u l t , and 7.0mm and 

SA 

lOmm i n t h e n e o n a t e , i n t h e a d u l t t h e a n g l e FNR (ang le a l p h a ) i s 

5 ° ; t h i s means t h a t t h e d i s t a n c e f r o m t h e p o i n t o f i n t e r s e c t i o n o f 

t h e o p t i c a x i s w i t h t h e r e t i n a t o t h e fovea ( t h e d i s t a n c e FR) i s , 

i n t h e a d u l t , 16.2 t a n 5 =' 1,42mm. I f t h e d i s t a n c e FR were t h e same, 

i n neona tes t h e e q u i v a l e n t a n g l e a l p h a can be found by t h e f o l l o w i n g 

e q u a t i o n : t a n a l p h a = A n g l e a l p h a wou ld t h e r e f o r e be 8 . 1 ° . 

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

o f t h e o p t i c and v i s u a l axes found w i t h neonates ( 8 . 5 ° ) sugges ts t h a t 

t h e l a r g e r a n g l e a l p h a i n newborns i s no t a s u r p r i s e f i n d i n g , bu t i s 

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

s t r o n g l y s u g g e s t s t h a t , no t o n l y i s t h e d i s t a n c e f r o m t h e d i s c t o 

t h e macula t h e same i n t h e newborn eye as i n t h e a d u l t , bu t t h a t 

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

t h e macula i s the-same a 1 s o . T h i s c o n t r a d i c t s t h e s u g g e s t i o n t h a t 

t h e o p t i c a x i s i s d i s p l a c e d l a t e r a l l y as g r o w t h p r o c e e d s , i . e . , i t 

w o u l d seem t h a t t h e v e r t i c a T g r o w t h o f t h e eye i s s y m m e t r i c a l a round 

t h e o p t i c a x i s . 

TooVnoK^'* TVxfe&fc t l^ur ts a r t OL^frof-ifAo}^-
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2 . P r o j e c t i v e D i s t o r t i o n The p a r a l l a x e f f e c t p r e v i o u s l y d e s c r i b e d 
f o r t h e a d u l t eye r e s u l t s f r o m an i n t e r a c t i o n o f t h e o p t i c s o f t h i s 
p a r t i c u l a r c o r n e a l r e f l e c t i o n method w i t h two a n a t o m i c a l v a r i a b l e s : 
t h e r a d i u s o f c u r v a t u r e o f t h e cornea and t h e d e p t h o f t h e a n t e r i o r 
chamber . As m e n t i o n e d i n t h e p r e v i o u s s e c t i o n , t h e r a d i u s o f 
c u r v a t u r e o f t h e co rnea i s l a r g e (7.0mm, w h i c h c o r r e s p o n d s t o a 
power o f h7.5 d i o p t e r s ) " , and t h e a n t e r i o r chamber i s s h a l l o w compared 
w i t h t h e a d u l t e y e . La rsen (1971A) g i v e s a f i g u r e o f 2.38mm (SD 
0.12mm) f o r t h e a n t e r i o r chamber d e p t h i n newborns . I f L a r s e n ' s 
f i g u r e i s c o r r e c t t h e e n t r a n c e p u p i l w i l l be l o c a t e d 1.96mm beh ind 
t h e c o r n e a , ^ 

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

newborns sugges t s t h a t , when t h e o b s e r v a t i o n a x i s i s 2 0 ° i n c l i n e d 

t o t h e f i x a t i o n a x i s , an a d d i t i o n a l d i s p l a c e m e n t o f 6 . 5 ° shou ld 

r e s u l t . T h i s i s s l i g h t l y l e s s t h a n t h e 8 ° found ( F i g . k.7). I t i s . 

l i k e l y t h a t t h i s s m a l l d i s p a r i t y o f 1 .5° between t h e expec ted and 

t h e o b s e r v e d e f f e c t i s due t o t h e s t a t e o f accommodat ion o f t h e 

n e o n a t e s ' eyes i n t h e e x p e r i m e n t s r e p o r t e d i n Chap te r 3 . As has 

been n o t e d , accommodat ing t o near d i s t a n c e s dec reases t h e r a d i u s o f 

c u r v a t u r e o f t h e a n t e r i o r s u r f a c e o f t h e l ens wh i ch reduces t h e d e p t h 

o f t h e a n t e r i o r chamber and pushes t h e p u p i l (and hence t h e d e r i v e d 

l o c a t i o n o f t h e e n t r a n c e p u p i l ) c l o s e r t o t h e c o r n e a . T h i s a c t s t o ' 

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

La rsen (1971A) was aware o f t h e changes o c c u r r i n g as a r e s u l t o f 

a c c o m m o d a t i o n , and was "concerned w i t h changes i n t h e a n t e r i o r chamber 

d e p t h r e s u l t i n g f r o m p a r a l y s i s o f accommodat ion . I n o r d e r t o s t u d y 

t h i s more c l o s e l y he measured t h e r i g h t eyes o f t h r e e newborns , f i r s t 

F o o t n o t e ^ The p o s i t i o n o f t h e e n t r a n c e p u p i l i s c a l c u l a t e d u s i n g an 
e q u a t i o n g i v e n i n B e n n e t t and F r a n c i s , 1962, p l 0 6 . 
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w i t h o u t , and t h e n w i t h , c y c l o p l e g i a ( p a r a l y s i s o f t h e accommodat ion 

s y s t e m ) , and f ound no d i f f e r e n c e s i n t h e mean v a l u e s f o r t h e dep th 

o f t h e a n t e r i o r chamber . However , i t i s no t known t o what d i s t a n c e 

t h e newborns were accommodat ing when t h e measures w i t h o u t c y c l o p l e g i a 

we re t a k e n , so t h e s e d a t a seem e q u i v o c a l w i t h r ega rd t o t h e p r e s e n t 

p r o b l e m . . La rsen does i n f a c t c o n c l u d e t h a t " t h e v a l u e s m u s t , however , 

be i n t e r p r e t e d w i t h c a u t i o n , as t h e u n r e s t a p p e a r i n g i n t h i s age 

g r o u p on r e p e a t e d measurements may i n f l u e n c e t h e r e s u l t s " (1971A, 

p 2 5 8 ) . 

The scan t a v a i l a b l e d a t a on changes i n newborn accommoda t ion , 

d i s c u s s e d i n Chap te r 1 , a r e somewhat e q u i v o c a l . I t does seem, 

howeve r , t h a t newborns a r e a b l e t o accommodate t o near d i s t a n c e s . I n 

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

e f f e c t s f o u n d , t h e e n t r a n c e p u p i l wou ld need t o be a p p r o x i m a t e l y 1.3mm 

b e h i n d t h e f r o n t s u r f a c e o f t h e c o r n e a . T h i s wou ld r e q u i r e t he d e p t h 

o f t h e a n t e r i o r chamber t o be reduced t o between 1,6 and 1,7mm, 

C e r t a i n l y , t h e r e i s no e v i d e n c e t o sugges t t h a t t h i s r e d u c t i o n i n 

d e p t h c o u l d not t a k e p l a c e when t h e newborn accommodates t o near 

d i s t a n c e s . 

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

t h e f o u n d e f f e c t s may be because t h e e m p i r i c a l da ta a r e i n e r r o r i n 

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

and t h e n e c e s s a r i l y i n f e r e n t i a l method o f d e t e r m i n i n g t h e magn i t ude 

o f t h e e f f e c t f o r each s u b j e c t sugges ts t h a t t h i s c o u l d be t h e c a s e . 

Wha teve r t h e e x p l a n a t i o n , t h e d i s c r e p a n c i e s a r e sma l l enough f o r them 

no t t o g r o s s l y i n t e r f e r e w i t h t h e a c c u r a c y o f t h e a n a l y z i n g p r o c e d u r e 

i f a c o r r e c t i o n based on t h e e m p i r i c a l da ta i s a p p l i e d . 

3 . O t h e r E f f e c t s The o t h e r causes o f e r r o r d i s c u s s e d i n t h e e a r l i e r 



s e c t i o n s t a k e e f f e c t o n l y w i t h f a i r l y ex t r eme p e r i p h e r a l f i x a t i o n s ; 

t h e y w i l l no t be c o n s i d e r e d he re i n d e t a i l as t h e y a r e l i k e l y t o be 

o f s i m i l a r m a g n i t u d e i n t h e neona te as i n t h e a d u l t e y e . A p o s s i b l e 

e x c e p t i o n conce rns o b l i q u e a b e r r a t i o n . W i t h r e s p e c t t o t he c u r v a t u r e 

o f t h e co rnea D u k e - E l d e r (1963 , p307) r e p o r t s t h a t " . . . i n t he newborn 

. . . c o n t r a r y t o i t s c o n d i t i o n i n l a t e r y e a r s , i t i s more cu r ved 

p e r i p h e r a l l y t h a n c e n t r a l l y " ( a l s o r e p o r t e d i n W o l f f , 1 9 6 1 , p 4 3 2 ) . 

T h u s , t h e r e i s a p o s s i b i l i t y t h a t t h e e f f e c t due t o o b l i q u e a b e r r a t i o n 

may be s l i g h t l y more p ronounced i n t h e n e o n a t e . 

The " b i n o c u l a r e f f e c t " c o n s i d e r e d e a r l i e r i s a consequence o f 

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

DISCUSSION 

The g r e a t e r m a g n i t u d e o f b o t h t h e c e n t r a l and o f f - a x i s e f f e c t s 

f o u n d i n neonates i s s a t i s f a c t o r i l y e x p l a i n e d by t he a n g u l a r d i f f e r e n c e 
I 

between t h e v i s u a l and o p t i c axes o f t h e e y e , and by p r o j e c t i v e 

d i s t o r t i o n . C o n s e q u e n t l y , i t seems v a l i d t o c o n c l u d e t h a t t h e newborn 

b a b i e s f r o m whom r e s u l t s were o b t a i n e d were f i x a t i n g t h e s t i m u l u s i n 

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

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

I t i s e s s e n t i a l , t h e r e f o r e , because o f t h e magn i t ude o f t h e e f f e c t s , 

t o t a k e accoun t o f t h e s e d e v i a t i o n s when u s i n g t h i s t e c h n i q u e . 

Those r e s e a r c h e r s who have used t h e method w i t h newborn s u b j e c t s 

do n o t appear t o have c o n s i d e r e d t h e e f f e c t s , a l t h o u g h t h e n o n -

c o r r e s p o n d e n c e o f t h e v i s u a l and o p t i c axes was r e f e r r e d t o by Cowey 

and W e i s k r a n t z ( 1 9 6 3 ) . I t i s f e l t t h a t t h e e x i s t e n c e o f t h e s e 

d i s p a r i t i e s may a c c o u n t , a t l e a s t i n p a r t , f o r i n s t a n c e s o f " o f f -

c o n t o u r " l o o k i n g and nonconvergence r e p o r t e d by p r e v i o u s i n v e s t i g a t o r s . ' 

A r e v i e w o f t h e s e f i n d i n g s was p r e s e n t e d i n Chap te r 1 . 
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S a ' a p a t e k and Kessen (1966 , I969) have r e p o r t e d i n s t a n c e s o f 

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

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

t h i s o f f - c o n t o u r l o o k i n g supposed t h a t t h e u n r e c o r d e d eye was d i r e c t l y 

f i x a t i n g t h e t a r g e t w h i l e t h e r e c o r d e d eye moved c o n j u g a t e l y w i t h 

t h e u n r e c o r d e d eye but had a 1 ine o f s i g h t d i s p l a c e d f r o m t a r g e t . 

The monocu la r c o n d i t i o n s o f v i e w i n g adhered t o i n t he p r e s e n t 

e x p e r i m e n t s w i t h neona tes p r e c l u d e s a s i m i l a r i n t e r p r e t a t i o n o f t h e 

f i n d i n g s , H a i t h (1968 ; a l s o r e p o r t e d i n Kessen , S a l a p a t e k and 

H a i t h , 1972) a l s o c o n f i n e d t h e neona te t o monocu la r v i s i o n and 

f o u n d t h a t , when a v e r t i c a l edge was p r e s e n t e d 3 inches l e f t o f c e n t r e , 

f i x a t i o n s were m o s t l y w i t h i n - 1.5 i nches o f t he edge; when t he edge, 

was p r e s e n t e d 3 i nches t o t h e r i g h t , however , f i x a t i o n s peaked t o 

t h e r i g h t o f t h e * ^ c o n t o u r , I n t h i s s tudy t h e i n f a n t ' s r i g h t eye was 

a l w a y s t h e one p h o t o g r a p h e d , Kessen e t a l , (1972) o f f e r two p o s s i b l e 

e x p l a n a t i o n s f o r t h i s o f f - e d g e v i e w i n g : " T h e tendency o f i n f a n t s t o 

l o o k t o t he r i g h t o f t h e r i g h t edge and no t t o show a s i g n i f i c a n t 

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

depend on e i t h e r o f two f a c t o r s . F i r s t , ou r measurement p r o c e d u r e 

may, f o r some unknown r e a s o n , have produced more r i g h t b i a s i n t h e r i g h t 

v i s u a l f i e l d t h a n i n t h e l e f t v i s u a l f i e l d . Such a b i a s wou ld a l s o , 

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

an i n t e r p r e t a t i o n seems u n l i k e l y because c a l i b r a t i o n s i n a d u l t s showed 

no such b i a s . The second p o s s i b i l i t y i s t h a t bab ies have d i f f i c u l t y 

i n h o l d i n g t h e eye i n a f i x e d p o s i t i o n on t h e tempora l s i d e , H a i t h 

(1967) r e p o r t e d t h a t t e l e v i s i o n r e c o r d s o f newborn eye a c t i v i t y 

r e v e a l e d t h a t t h e eye o f t e n appeared t o go o u t o f c o n t r o l , i n t o 

n y s t a g m i c j e r k s , d u r i n g b l a n k - f i e l d c o n t r o l t r i a l s and a lmos t a lways 

on t h e t e m p o r a l s i d e " (Kessen e t a l . , 1972, p i 9 ) . 
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However, s ince the d ispar i ty of the centre of the pupil from the. 

f i xa t ion point w i l l be greatest when the right eye looks right (or 

when the le f t eye looks l e f t ) , th is study is in agreement with the 

present f indings. The most p lausib le explanation of the ef fect would 

therefore seem to be thei r f i r s t one - that in both of their stimulus 

condit ions the newborns were f ixat ing the edge with central v i s i o n , 

but that thei r scoring procedure was at f a u l t . Analysis of their 

second possible explanation w i l l be le f t unt i l the next chapter, where 

the i r more formally presented objections to these findings are 

di scussed. 

Consequently, i t i s suggested that evidence of off-contour 

looking may be an ar te fact resul t ing from inappropriate scoring 

procedures. I f th is appl ies to monocular and binocular viewing 

condit ions the Implication i s that the neonate may be capable of 

convergence. Wickelgren ( l 9 6 7 i 1969) photographed both of the baby's 

eyes and, using a method of ana lys is derived from the e a r l i e r scoring 

procedures, found that the neonate never converges, the two eyes 

looking various distances apart at the stimulus plane. It was invariably 

the case that the le f t eye looked further le f t than the right eye. 

She suggests that " . . . observer judgments based on one eye, par t icu lar ly 

when both eyes are open, are unl ike ly to be a meaningful indication 

of newborn stimulus discr iminat ion and preference" (1967, p84). This" 

statement would not, of course, be appropriate i f the neonate does 

show convergence. A possible reason for the newborn's apparent 

i n a b i l i t y to converge might, she suggests, be related to the structure 

of the eyes. During embryonic development the eyes swing inward from 

the side of the head toward the front (Mann, 1964; Duke-Elder, 1963) . 

The orb i ta l ax is makes an angle of 7 1 ° at b i r th ; further growth reduces 

th is to 68° in the adul t . Wickelgren suggests that the further growth 
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may be n e c e s s a r y b e f o r e newborns can b r i n g t h e eyes inward enough 

t o c o n v e r g e c o n s i s t e n t l y on a s t i m u l u s . (1967, p 8 3 ) . Two p i e c e s o f 

e v i d e n c e a rgue a g a i n s t t h i s . The f i r s t i s t h a t t h e l a r g e r a n g l e 

a l p h a i n newborns p e r m i t s t h e eyes t o be more o p t i c a l l y d i v e r g e n t i n 

newborns t h a n i n a d u l t s , w h i l s t m a i n t a i n i n g b i n o c u l a r f i x a t i o n . 

The second i s t h a t , p a r a l l e l w i t h t h e change I n t h e o r b i t a l a x i s , 

o t h e r g r o w t h p r o c e s s e s a l t e r t h e p o s i t i o n s o f t h e eyes : spec i f i . c a l l y , 

t h e eyes move f a r t h e r a p a r t , due t o g r o w t h o f t he s k u l l and an 

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

i n c r e a s e s f r o m 1^ i n ches i n t h e newborn t o 2'\f. i nches i n t h e a d u l t . 

.As . t he eyes s e p a r a t e t hey a l s o t e n d t o d i v e r g e , s i n c e i t i n c r e a s e s 

t h e mechan i ca l advan tage o f t h e l a t e r a l r e c t u s musc le and l essens 

i t f o r t h e m e d i a l r e c t u s ( E l l e r b r o c k , 1963, p88; W o l f f , I 9 6 I , p433) . 

On t h e b a s i s o f t h e p r e s e n t f i n d i n g s one wou ld expec t t he p u p i l 

c e n t r e s o f t h e two eyes t o be o r i e n t e d some 17° a p a r t i f t h e n e o n a t e , 

i s c o n v e r g i n g . I n t a b l e 4.1 a r e g i v e n t h e ave rage o p t i c a l d i v e r g e n c e 

o f t h e eyes i n newborns r e p o r t e d by W i c k e l g r e n (1967, 1969) , w h i c h 

range f r o m 2.61 t o 5 .22 i n ches a t t h e s t i m u l u s p l a n e . These d i s t a n c e s 

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

c o n d i t i o n s and f o r t h e e y e - t o - t a r g e t d i s t a n c e s u s e d . These 

d i v e r g e n c e s a r e f r o m 1 0 . 6 ° when t h e s t i m u l u s was s t r i p e d v s . g r a y 

p a n e l s , t o 2 5 . 3 ° when t h e s t i m u l u s was e i t h e r a sma l l s t a t i o n a r y 

l i g h t o r a mov ing sequence o f 3 l i g h t s . Given t h a t one may expec t 

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

o p t i c a l a x e s , none o f t h e s e d i v e r g e n c e s r e p o r t e d by W i c k e l g r e n a r e 

so e x t r e m e t h a t t h e c o n c l u s i o n t h a t a t l e a s t some o f her s u b j e c t s 

were c o n v e r g i n g i s u n t e n a b l e . 

Because t h e s e d i s t o r t i o n s a r e l a r g e , e s p e c i a l l y when t h e o b s e r v e d 

eye i s f i x a t i n g i p s i l a t e r a l l y , t h e l ess p r e c i s e c o r n e a l r e f l e c t i o n 
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method o f o b s e r v a t i o n f i r s t r e p o r t e d by F a n t z ( 1 9 5 6 ) , and used by 

many i n v e s t i g a t o r s s i n c e t h e n , w i l l a l s o be a f f e c t e d . I n t h i s 

method t h e s t a n d a r d c r i t e r i o n o f f i x a t i o n i s t h e l o c a t i o n o f t h e image 

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

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

u s u a l l y no t p o s s i b l e t o d e t e r m i n e what b i a s e s t h e f a i l u r e t o t a k e 

a c c o u n t o f t h e s e e f f e c t s has had on t h e r e p o r t e d f i n d i n g s f r o m s t u d i e s 

i n t h i s a r e a : w h i c h eye i s o b s e r v e d , and how l ong i s spent l o o k i n g 

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

However , t h r e e s p e c i f i c examples f r o m t h e a v a i l a b l e l i t e r a t u r e 

i n d i c a t e t h a t b i a s e s a re l i k e l y t o r e s u l t w i t h t h i s t e c h n i q u e . 

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

r e s e a r c h sugges t s t h a t one wou ld e x p e c t t o f i n d i f t h e i n f a n t i s 

c o n v e r g i n g , has been used t o s u b s t a n t i a t e t h e c l a i m t h a t t h e young 

i n f a n t i s l i m i t e d t o monocu la r v i s i o n . F i g u r e 1,1 i n Chapter 1 i s . 

a p h o t o g r a p h o f a young i n f a n t presumed (by F a n t z ) t o be f i x a t i n g 

t h e s t i m u l u s w i t h t h e r i g h t e y e . I t seems q u i t e l i k e l y , t h o u g h , 

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

v i e w i n g t h e t a r g e t , and t h a t t h e image o f t h e s t i m u l u s was o n l y 

c e n t r e d i n t h e r i g h t eye because t h e p h o t o g r a p h was t a k e n f r o m t h e 

r i g h t o f t h e s u b j e c t . T h i s p h o t o g r a p h i s t h e r e f o r e s i m i l a r t o p a r t A 

o f F i g u r e k.S. i f a p h o t o g r a p h , under i d e n t i c a l c i r c u m s t a n c e s , had 

been t a k e n f r o m t h e i n f a n t ' s l e f t , t h e t a r g e t r e f l e c t i o n m igh t w e l l 

have been c e n t r e d i n t h e l e f t eye and t h e c o n c l u s i o n would have been 

drawn t h a t t h e r i qh t eye was t h e n o n - f i x a t i n g e y e . However, r e g a r d l e s s 

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

i s c o r r e c t , t h i s example se r ves t o I l l u s t r a t e t h e p o i n t t h a t , u s i n g 

F a n t z ' s t e c h n i q u e , u n l e s s t h e p o s i t i o n o f t h e o b s e r v e r , and t h e eye 

o b s e r v e d a r e c o n t r o l l e d t h e r e w i l l be i n s t a n c e s where t h e i n f a n t i s 
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a c t u a l l y f i x a t i n g t h e s t i m u l u s but i s r e c o r d e d as l o o k i n g away. 

The f i n a l two examples a r e , as i t . w e r e , v a r i a t i o n s on t h i s 

t heme, Greenberg and Weizmann (1971) sugges ted t h a t 8 - w e e k - o l d 

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

o b s e r v e d t h e l e a d - e y e , d e f i n e d as " , , . t h e eye i n w h i c h a p a t t e r n was 

r e f l e c t e d w h o l l y w i t h i n t h e p u p i l d u r i n g t h e f i r s t few seconds o f 

t h e f i r s t t r i a l " (p237) . F i n a l l y , McKenzie and Day ( 1972 ) , who 

p r e s e n t e d cubes o f v a r i o u s s i z e s a t d i f f e r e n t d i s t a n c e s t o t h e i r 

i n f a n t s u b j e c t s , r e c o r d t h a t " . . . t h e I n f a n t was deemed t o be f i x a t i n g 

on t h e cube when t h e c e n t e r o f t h e c o r n e a l r e f l e c t i o n o f t h e c r o s s . . " 

(marked on t h e cube) " . . . was c e n t e r e d i n t h e p u p i l as o b s e r v e d f r o m 

a 7mm a p e r t u r e i n t h e s i d e o f t h e chamber i n f r o n t o f , and t o t h e 

r i g h t o f , t h e s u b j e c t " ( p i 109 ) . These two examples f u r t h e r i l l u s t r a t e 

t h a t t h e r e I s a l i k e l i h o o d o f e r r o r i f t h e e x p e c t e d d e v i a t i o n s o f t h e 

p u p i l c e n t r e f r o m t h e f i x a t i o n p o i n t a r e no t t aken I n t o a c c o u n t , and . 

I f t h e p a r a l l a x s h i f t r e s u l t i n g f r o m a change I n t h e o b s e r v e r ' s p o s i t i o n 

i s no t a 1 lowed f o r . 

The f u r t h e r e x p e r i m e n t s r e p o r t e d I n t h i s t h e s i s a r e a l l concerned 

t o d e t e r m i n e w h e t h e r o r no t t h e neonate i s a b l e t o c o n v e r g e , and t o 

w h i c h k i n d s o f s t i m u l i . I n i t i a l l y , t h o u g h , i n t he nex t b r i e f c h a p t e r , 

o b j e c t i o n s t o t h e r e p o r t e d f i n d i n g s w i l l be d i s c u s s e d . 
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CHAPTER 5 

OBJECTIONS TO THE REPORTED FINDINGS 

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

were p u b l i s h e d ( S l a t e r and F i n d l a y , 1972A) , i t was s t r e s s e d t h a t , 

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

be a p p l i e d t o da ta o b t a i n e d when u s i n g t h i s t y p e o f c o r n e a l 

p h o t o g r a p h y . ' However , S a l a p a t e k , H a i t h , Maurer and Kessen ( 1 9 7 2 ) , 

a r g u e t h a t o u r f i n d i n g s may b e , t o some e x t e n t , a r t i f a c t u a l a n d , 

f o l l o w i n g t h e i r c r i t i c i s m s , c o n c l u d e d t h a t " i t remains i n a d v i s a b l e 

t o a p p l y such an a v e r a g e c o r r e c t i o n t o i n d i v i d u a l c a s e s . . . " 

( p p 4 9 6 - 4 9 7 ) . We f e e l t h i s c o n c l u s i o n t o be m i s t a k e n : t h e i r c r i t i c i s m s , 

and a more d e t a i l e d answer t o them than was p o s s i b l e i n o u r r e p l y 

t o t h e i r paper ( S l a t e r and F i n d l a y , 1972B) , w i l l be g i v e n h e r e . 

S a l a p a t e k e t a 1 . p roduce t h r e e main o b j e c t i o n s t o o u r f i n d i n g s . . 

These c o n c e r n , (a) i n d i v i d u a l d i f f e r e n c e s i n t h e magn i tudes o f t h e 

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

c o n c e r n i n g t h e d e v i a t i o n o f t h e v i s u a l and o p t i c axes i n t h e newborn , 

and (c ) t h e p o s s i b i l i t y t h a t t h e newborn bab ies used as s u b j e c t s 

may, f o r a t l e a s t some o f t h e s t i m u l u s c o n d i t i o n s , have been f i x a t i n g 

w i t h p e r i p h e r a l r a t h e r t h a n f o v e a l v i s i o n , o r may have been f i x a t i n g 

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

I t m i g h t be l i o ted t h a t t h e i r c r i t i c i s m s a r e o f t e n vague , and 

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

F o o t n o t e I n t h i s paper we were u n a b l e c o m p l e t e l y t o e x p l a i n t h e 
e f f e c t s o b s e r v e d when t h e f i x a t i o n a x i s was i n c l i n e d t o t h e o b s e r v a 
t i o n a x i s ( p p 3 5 4 - 3 5 6 ) . A recheck o f t h e s e c a l c u l a t i o n s b rough t t o 
l i g h t v a r i o u s e r r o r s , t h e c h i e f o f w h i c h was a c o n f u s i o n o f e x i t and 
e n t r a n c e p u p i l s . R e c a l c u l a t i o n o f t h e s e e f f e c t s ( p r e s e n t e d i n t h e 
p r e v i o u s c h a p t e r ) , shows t h a t p r o j e c t i v e d i s t o r t i o n and o b l i q u e 
a b e r r a t i o n w i l l s a t i s f a c t o r i l y accoun t f o r t h e o b s e r v a t i o n s . 



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

as p o s s i b l e , r e l e v a n t s e c t i o n s o f t h e i r n o t e w i l l be reproduced 

v e r b a t i m i n c o n s i d e r a t i o n o f each p o i n t . 

a ) The e x t e n t o f I n d i v i d u a l d i f f e r e n c e s S a l a p a t e k e t a l , f i r s t l y 

comment: 

S l a t e r and F i n d l a y a r e c o r r e c t i n s a y i n g t h i s 

e r r o r I s p r e s e n t , bu t I t i s p r e s e n t on t h e a v e r a g e , 

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

t h a t we d i d no t c o n s i d e r t h e e f f e c t . By 1966 we had 

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

t h e d i v e r g e n t e r r o r , and t o o k I t i n t o accoun t I n 

c a l c u l a t i n g and r e p o r t i n g t h e a v e r a g e e r r o r ( - 4 - 5 ° ) o f 

' o u r measure ( S a l a p a t e k £• Kessen , I 9 6 6 ) . However, we 

d i d not and have no t s y s t e m a t i c a l l y c o r r e c t e d o u r p l o t s 

o f s c a n n i n g by I n d i v i d u a l i n f a n t s because o f l a r g e 

i n d i v i d u a l d i f f e r e n c e s i n o u r a d u l t s ' c a l i b r a t i o n d a t a . 

F i g u r e 1 shows t h i s w i t h t h r e e normal a d u l t s . We 

• asked them t o f i x a t e known p o i n t s ( O ) spaced a t 3 - i n , 

i n t e r v a l s on a s u r f a c e 10 i n , d i s t a n t . We t h e n d e r i v e d 

t h e same f i x a t i o n p o i n t s empi r i c a l l y (X, A , V , o r • ) , 

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

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

l i g h t ( ® , ( ^ , ( S ) , or^)) was c l o s e s t . S u b j e c t 1 shows 

t h e l a r g e , p r o g r e s s i v e , 1 p s i l a t e r a 1 l y d i v e r g e n t e r r o r 

t h a t S l a t e r and F i n d l a y r e p o r t . But f o r s u b j e c t 2 we 

o b t a i n e d a much s m a l l e r e r r o r ; and f o r s u b j e c t 3 we 

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

a c r o s s t h e e n t i r e f i e l d . I n t h e f a c e o f such v a r i a b i l i t y , 

we were r e l u c t a n t t o use o r sugges t u s i n g a gene ra l 

c o r r e c t i o n f a c t o r - fo r i n d i v i d u a l p l o t s o f v i s u a l s c a n n i n g 

( H a i t h , 1969; S a l a p a t e k , I 9 6 8 , 1969; S a l a p a t e k & Kessen , 

1966, 1972; K e s s e n , S a l a p a t e k £• H a i t h , 1972) . 

(From ppkSS and 4-97. T h e i r F i g u r e l , , p 4 9 6 , i s rep roduced here as 

F i g u r e 5 . 1 ) . 
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F i g u r e 5 .1 From S a l a p a t e k , H a i t h , Maurer and Kessen ( 1 9 7 2 ) . 
The s t r a i g h t l i n e s c o n n e c t i n g r e a l f i x a t i o n p o i n t s t o t h e 
s c o r e d p o s i t i o n o f t h e p u p i l c e n t r e a l l o w t h e reade r t o no te 
more e a s i l y t h e d i r e c t i o n o f e r r o r . 
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T h i s v a r i a b i l i t y i s c e r t a i n l y p r e s e n t . In F i g u r e 2.7B2 (Chapter 2 ) , 

i t can be seen t h a t i n s u b j e c t 5 t h e r e I s a v i r t u a l c o i n c i d e n c e o f 

t h e v i s u a l and o p t i c a x e s , and s u b j e c t 2 , i n F i g u r e 2 , 8 A 1 , shows 

v e r y l i t t l e o f f - a x i s e f f e c t . However, when t h e r e s u l t s 

were ave raged f o r t h e a d u l t Ss u s e d . F i g u r e s 2,9A and 2,9B were 

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

A g e n e r a l c o r r e c t i o n f a c t o r based on F i g u r e s 2.9A and 2 .9B wou ld 

c e r t a i n l y l ead t o l e s s o v e r a l l e r r o r i n l o c a t i n g t he a d u l t s ' l i n e 

o f s i g h t t h a n wou ld t a k i n g t h e da ta " r a w " . The v a r i a b i l i t y t h a t 

e x i s t s may o b s c u r e d e t e c t i o n o f t h e e f f e c t s but t h e p resence o f t hese 

s y s t e m a t i c d i s c r e p a n c i e s seems beyond d o u b t . T h i s c o n c l u s i o n i s 

,encouraged by t h e c l o s e c o r r e s p o n d e n c e between t h e e m p i r i c a l da ta 

and t h e r e l e v a n t a n a t o m i c a l and o p t i c a l da ta (Chapter k). 

A m a j o r d i f f e r e n c e between t h e c a l i b r a t i o n da ta t h e y p r e s e n t i n 

t h e i r F i g u r e 1 , and t h e da ta p r e s e n t e d i n Chap te r 2 , concerns t h e 

l o c a t i o n o f t h e p o i n t s t h e a d u l t s u b j e c t s were asked t o f i x a t e . 

The c a l i b r a t i o n d a t a o f Chap te r 2 were m o s t l y d e r i v e d f r o m s u b j e c t s ' 

f i x a t i o n s o f a g r i d o f p o i n t s , spaced"^ i n c h a p a r t , and w i t h i n 

k.k i n ches o f m i d l i n e . I t i s p o s s i b l e ( f r o m t e s t i n g sequence k), 

t h a t t h e e f f e c t s do no t i n c r e a s e s u b s t a n t i a l l y f o r f i x a t i o n s o f more 

e x t r e m e l y p l a c e d t a r g e t s . T h e i r f i x a t i o n p o i n t s were spaced a t 3 i n c h 

i n t e r v a l s a l o n g t h e s t i m u l u s p l a n e . T h u s , as t h e y were p r e d o m i n a n t l y * 

w o r k i n g o u t s i d e t h e range used by t h e p r e s e n t a u t h o r , t h e y may have 

2 
m i s s e d some o f t h e e f f e c t s . 

2 
F o o t n o t e C a l i b r a t i o n da ta were no t c o l l e c t e d f o r e x t r e m e l y p l a c e d 
t a r g e t s as I t was no t i n t e n d e d t o p r e s e n t s t i m u l i t o newborns more 
t h a n V.' f r o m m i d l i n e . 
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N e v e r t h e l e s s , many o f t h e sco red p o s i t i o n s o f t he p u p i l c e n t r e , 

shown i n t h e i r F i g u r e 1 , a r e c l e a r l y d i s p l a c e d much more t han 5 ° 

f r o m t h e t a r g e t p o s i t i o n , and t h e i r s t a t e m e n t t h a t t h e i r method 

o f s c o r i n g measures " o c u l a r o r i e n t a t i o n t o w i t h i n a p p r o x i m a t e l y 

- 5 ° o f v i s u a l a n g l e " ( S a l a p a t e k and K e s s e n , 1966, p l 5 5 ) , i s no t 

j u s t i f i e d by t h e i r own c a l i b r a t i o n d a t a . 

However , t h e y do a g r e e t h a t t h e s e e f f e c t s a r e p r e s e n t , on 

a v e r a g e . T h i s b e i n g t h e c a s e , i t wou ld seem t o be b o t h l o g i c a l and 

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

b) The v i s u a l and o p t i c axes i n t h e newborn baby 

I n t h e second p a r t o f t h e i r paper S l a t e r and F i n d l a y 

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

r e f l e c t i o n w i t h i n f a n t s . They s p e c u l a t e t h a t i t 

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

d a t a c i t e d by Mann (1969, p p 4 0 , 4 l ) i n d i c a t i n g g r e a t e r 

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

i n f a n t s t h a n i n a d u l t s . But t hese da ta were e x t r a c t e d 

f r o m dead newborns o n l y . The re a r e no da ta f r om l i v e 

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

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

S l a t e r and F i n d l a y a t t e m p t e d t o v e r i f y t h e i r 

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

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

f i e l d . And i n d e e d , t h e y c o n c l u d e d t h a t t h e ave rage 

e r r o r i n e s t i m a t i n g f i x a t i o n p o i n t s i s g r e a t e r i n 

newborns t h a n i n a d u l t s . 

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

a x i s i s g r e a t e r i n newborn b a b i e s ( a p p r o x i m a t e l y 8^ ° ) t h a n i n 

a d u l t s ( a p p r o x i m a t e l y 4 - 5 ° ) . S a l a p a t e k e t a 1 . r e f e r t o t h i s as 

" s p e c u l a t i o n " based l a r g e l y on da ta c i t e d by Mann (1964 , p 4 l ) . I n 

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

p r e s e n t a t i o n . I f t h e neonates a r e f i x a t i n g f o v e a l l y (see b e l o w ) , t hen 
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t h e p r o c e d u r e d e t a i l e d I n C h a p t e r 3 p r o v i d e s an o b j e c t i v e measure 

o f t h i s d e v i a t i o n . S a l a p a t e k e t a l . con tend t h a t Mann's r e p o r t i s 

u n r e l i a b l e as t h e newborn bab ies used w e r e , o f n e c e s s i t y , d e a d . 

T h e r e seems no o b v i o u s reason why t h i s f a c t shou ld s y s t e m a t i c a l l y 

b i a s t h e a n a t o m i c a l f i n d i n g s as t h e y seem t o I m p l y . I n d e e d , 

S t a f l o v a (1971), i n a h i s t o l o g i c s t u d y o f embryon ic and newborn e y e s , 

g i v e s reasons f o r s u p p o s i n g t h a t such measurements on t h e eye a r e 

more r e l i a b l e t h a n on o t h e r o r g a n s : " I n compar i son t o o t h e r o r g a n s , 

t h e deve lopment o f t h e eye I s v e r y s t a b l e and I s s u b j e c t t o v e r y few 

i n d i v i d u a l v a r i a t i o n s . The eyes . . . a r e i n t a c t i n abou t 80 pe r cen t 

o f cases o f spon taneous o r i nduced a b o r t i o n , due t o t h e f a c t t h a t 

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

e a r l y embryon i c s t a g e s " ( p l 2 6 ) . I n f a c t , t h e l a r g e r d e v i a t i o n found 

o f t h e v i s u a l and o p t i c axes o f t h e newborn e y e , when compared w i t h 

t h e a d u l t e y e , can be a c c o u n t e d f o r by t h e s h o r t e r a x i a l l e n g t h o f 

t h e eye a t b l r t h . ^ 

c ) C e n t r a l and p e r i p h e r a l v i s i o n In t h e newborn: o t h e r p o s s i b l e 

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

newborn b a b i e s a r e based on t h e p o s s i b i l i t i e s t h a t t h e r e may have 

been b i a s i n t h e s u b j e c t l o s s e n c o u n t e r e d ; t h a t t h e bab ies m igh t no t 

have been f i x a t i n g f o v e a l l y ; and t h a t monocu la r f i x a t i o n m igh t d i f f e r 

f r o m b i n o c u l a r f i x a t i o n . 

However , c e r t a i n m e t h o d o l o g i c a l c a u t i o n s must be made 

b e f o r e " t h e i r c o n c l u s i o n can be a c c e p t e d . 

F i r s t , t h e y assumed t h a t t h e i n f a n t s looked a t 

t h e a r r a y o f l i g h t s and d i d so no m a t t e r where t h e l i g h t s 

were I n t h e v i s u a l f i e l d . Yet most o f t h e bab ies i n Expt 

2 ( t h e r e I s no i n f o r m a t i o n on Expt 3) seemed t o l ook 

Footnote"^ D i s c u s s e d i n Chap te r k. 
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a t t he l i g h t s i n o n l y o n e - t h i r d o f t h e i r l o c a t i o n s ; a n d , 

as t h e y n o t e d , b a b i e s a r e l e s s l i k e l y t o l ook a t a 

c o n t r a l a t e r a l t a r g e t t h a n an i p s i l a t e r a l o n e . T h u s , 

i n f a n t s ' a b i l i t y a n d / o r d e s i r e t o l ook a t s t i m u l i may 

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

f i e l d ; p a r t o f what S l a t e r and F i n d l a y measured may 

have been t h e l o c a l a c c u r a c y o f i n f a n t s ' f i x a t i o n s . 

Second , t h e y assumed t h a t newborns f i x a t e w i t h 

m a c u l a r v i s i o n . However , t h e m a c u l a / i s r e l a t i v e l y 

u n d e v e l o p e d a t b i r t h , so i t may not a lways be used 

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

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

s t i m u l u s i n t h e v i s u a l f i e l d . T h u s , some o f t h e 

" e r r o r " S l a t e r and F i n d l a y f ound may be t h e r e s u l t 

o f f i x a t i o n w i t h t h e p e r i p h e r a l r e t i n a and not a 

p r o b l e m o f t h e t e c h n i q u e . 

But most i m p o r t a n t , t h e y assumed t h a t i n f a n t s 

f i x a t e m o n o c u l a r l y i n t h e same way t h e y f i x a t e 

b i n o c u l a r l y . Y e t , a c o m p a r i s o n o f t h e f i x a t i o n s o f 

a s i n g l e eye under c o n t r o l c o n d i t i o n s ( b l a n k , 

homogeneous f i e l d ) i n a b i n o c u l a r ( S a l a p a t e k e t a l . , 

1966) v e r s u s a monocu la r ( S a l a p a t e k , I968) s t u d y shows 

-' t h a t a n e w b o r n ' s eye f i x a t e s much more t e m p o r a l l y 

when t h e o t h e r eye i s c o v e r e d t han when i t i s n o t . 

T h u s , S l a t e r and F i n d l a y may have measured a d i v e r g e n c e 

w h i c h i s t o some e x t e n t u n i q u e t o monocu la r f i x a t i o n , 

and no t j u s t t h e o p t i c a l e r r o r i n t h e measurement 

t e c h n i q u e . 
« 

They c o r r e c t l y p o i n t o u t t h a t t h e b a b i e s used as s u b j e c t s d i d not 

a l l l o o k a t t h e s t i m u l u s l i g h t s i n a l l p o s i t i o n s . The reasons f o r 

t h i s have a l r e a d y been g i v e n (Chap te r 3), and t h e a u t h o r c o n s i d e r s 

s u b j e c t l o s s t o be an i n e v i t a b l e consequence o f t h i s s o r t o f r e s e a r c h 

u s i n g newborn b a b i e s as s u b j e c t s . The l o s s o f s u b j e c t s , f o r v a r i o u s 

r e a s o n s , i n t h e i r own s t u d i e s t e s t i f i e s t o t h i s * , more i m p o r t a n t l y , 

F o o t n o t e ^ I n t h e s t u d i e s r e p o r t e d by S a l a p a t e k and Kessen ( 1 9 6 5 ) , 
W i c k e l g r e n ( I 9 6 7 , 1 9 6 9 ) , and K e s s e n , S a l a p a t e k and H a i t h ( 1 9 7 2 ) , 100 
b a b i e s i n a l l were used as s u b j e c t s , and 162 w e r e . s e e n bu t c o u l d no t 
be u s e d . 
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t h e r e i s no reason t o suppose t h a t t h e s u b j e c t l oss r e p o r t e d i n 

C h a p t e r 3 was r e l a t e d i n any way t o t h e p o s i t i o n o f t h e a r r a y o f 

l i g h t s i n t h e b a b i e s ' v i s u a l f i e l d , as t h e y seem t o s u g g e s t . 

T h e r e i s t h e i n t e r e s t i n g s u g g e s t i o n t h a t neonates f i x a t e a t 

t i m e s w i t h t h e p e r i p h e r a l r e t i n a r a t h e r t h a n f o v e a l l y . There i s ho 

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

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

( 1 9 7 0 ) , who s u g g e s t s t h a t i n f a n t s may f i x a t e a l o n g t h e o p t i c a x i s 

( w h i c h he p l a c e s 10° n a s a l l y away f r o m t h e f o v e a ) ^ . F i x a t i o n a l o n g 

t h e o p t i c a x i s wou ld p e r m i t i s o m o r p h i c r e t i n a l r e g i s t r a t i o n o f 

d i s t a l v a r i a b l e s such as s t r a i g h t n e s s . S t r a i g h t l i n e s p r o j e c t e d 

a l o n g t h e o p t i c a l a x i s a r e r e t i n a l l y s t r a i g h t , and wou ld remain 

s t r a i g h t d u r i n g s c a n n i n g , whereas t h i s i s no t t r u e o f s t r a i g h t l i n e s 

p r o j e c t e d away f r o m t h e o p t i c a x i s . A t t h e t i m e o f t h i s s p e c u l a t i o n , 

t h o u g h . Bower was unaware t h a t t h e fovea i s a l s o d i s p l a c e d t e m p o r a l l y 

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

C h a p t e r 3 f o r t h e c e n t r a l v i e w i n g c o n d i t i o n do s u g g e s t , however , 

t h a t newborn b a b i e s f i x a t e a l o n g t h e v i s u a l a x i s . 

The re a r e , a t p r e s e n t , few da ta a v a i l a b l e f r o m w h i c h an 

assessment can be made o f t h e r e l a t i v e c o n t r i b u t i o n s t o i n f a n t 

v i s i o n o f p e r i p h e r a l and c e n t r a l a r e a s o f t h e r e t i n a . T r o n i c k 

( 1 9 7 2 ) , sugges ted t h a t t h e n e w b o r n ' s e f f e c t i v e f i e l d o f v i e w i s 

c o n e - s h a p e d , p e r i p h e r a l s t i m u l i l e s s t h a n 15° f r o m t h e l i n e o f s i g h t 

b e i n g responded t o by a s h i f t i n gaze t o t h e p e r i p h e r a l o b j e c t , and 

f i x a t i o n o f i t . ( T h i s s t u d y was c o n s i d e r e d i n more d e t a i l i n Chap te r 1 ) . 

W i c k e l g r e n ( 1 9 ^ 7 ) , p r e s e n t e d a sma l l b l i n k i n g l i g h t i n a c e n t r a l 

p o s i t i o n above her s u p i n e newborn S s , b o t h p r i o r t o and between 

p r e s e n t a t i o n o f t h e e x p e r i m e n t a l s t i m u l i " . . . i n o r d e r t o b r i n g S ' s 

F o o t n o t e ^ The s o u r c e o f Bower ' s i n f o r m a t i o n c o n c e r n i n g t h e d i s p a r i t y 
between t h e v i s u a l and o p t i c axes i s no t g i v e n i n h i s p a p e r . 
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o r i e n t a t i o n back t o m i d l i n e " ( p 7 7 ) . A d d i t i o n a l l y , S a l a p a t e k ( 1 9 6 9 ) , 
d i s c u s s i n g t h e s e l e c t i o n o f f e a t u r e s and f i g u r e s by newborns , sugges ted 
t h a t l o c a l i z a t i o n o f t h e f e a t u r e s e l e c t e d f o r v i e w i n g o c c u r s f o r most 
s u b j e c t s w i t h i n a few seconds o f p r e s e n t a t i o n o f t h e s t i m u l u s , and 
o f t e n i n v o l v e s an eye movement a c r o s s some p o r t i o n o f t h e f i g u r e 
d u r i n g t h e app roach t o t h e s e l e c t e d f e a t u r e . T h i s sugges ts t h a t 
" . . . t h e newborn i s c a p a b l e o f some p a t t e r n d i s c r i m i n a t i o n i n t h e 
p e r i p h e r a l v i s u a l f i e l d , w h i c h d e t e r m i n e s t h e p a r t i c u l a r p a t t e r n 
f e a t u r e t h a t i s a p p r o a c h e d " ( p 6 ) . 

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

f u n c t i o n a l i n d i r e c t i n g t h e n e w b o r n ' s a t t e n t i o n t o s t i m u l i , w h i c h 

a r e t h e n b r o u g h t t o t h e f ovea f o r more d i r e c t i n s p e c t i o n . ^ The 

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

t h i s does no t o c c u r t h e r e s u l t s f r o m s t u d i e s making use o f t h i s 

t e c h n i q u e a r e l i a b l e t o be i n v a l i d . S a l a p a t e k and Kessen ( 1 9 6 6 ) , 

r e f e r r i n g t o i n s t a n c e s o f " o f f - c o n t o u r " f i x a t i o n s , a rgue t h a t i t i s 

p l a u s i b l e t o s u s p e c t t h a t " . . . o c c a s i o n a l l y t h e unpho tog raphed eye 

was on t a r g e t , and t h e p h o t o g r a p h e d eye s l i g h t l y m i s a l i g n e d " ( p l 8 4 ) . 

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

a r e j u s t i f i e d , i t wou ld be e q u a l l y p l a u s i b l e t o suspec t t h a t t h e 

F o o t n o t e When W i c k e l g r e n ( I 9 6 9 ) , a n a l y z e d newborn ' s f i x a t i o n s t o 
a s i n g l e sma l l b l i n k i n g l i g h t , p r e s e n t e d i n a c e n t r a l p o s i t i o n , she 
r e p o r t e d t h a t t h e gaze o f each S ' s two eyes t y p i c a l l y s t r a d d l e d t h e 
l i g h t . She sugges ted t h a t " . . . s i n c e t h e newborn i n f a n t has b o t h 
eyes o p e n , and s i n c e h i s eyes u s u a l l y do no t c o n v e r g e , p e r i p h e r a l 
s t i m u l i , w h i c h send a s i m i l a r d i r e c t i o n a l message t o b o t h e y e s , may 
w e l l be s t r o n g e r f o r h im t h a n a r e c e n t r a l s t i m u l i " ( p 4 8 l ) . However, 
as she d i d no t t a k e i n t o accoun t t h e d e v i a t i o n between t h e v i s u a l and 
t h e o p t i c a x e s , t h e s e f i n d i n g s , and t h e c o n c l u s i o n s she d r a w s , a r e 
o f d u b i o u s v a l u e , and canno t be t a k e n as i n d i c a t i n g f i x a t i o n by 
t h e p e r i p h e r a l r e t i n a . 
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p h o t o g r a p h e d eye was on t a r g e t , bu t t h a t S was m a i n t a i n i n g a w e l l -

d i r e c t e d f i x a t i o n w i t h a p e r i p h e r a l p o r t i o n o f t he r e t i n a , ' ' 

A f u r t h e r p o i n t c o n c e r n s d i f f e r e n c e s i n newborns ' f i x a t i o n s 

when b o t h eyes a r e open and when t h e baby i s c o n f i n e d t o monocu la r 

c o n d i t i o n s o f v i e w i n g . The a u t h o r has found t h a t , w i t h one eye 

c o v e r e d , t h e f e l l o w eye i s most l i k e l y t o f i x a t e i p s i l a t e r a l l y 

(Chap te r 3 ) , i n r e c o g n i t i o n o f t h i s , s t i m u l i were p r e s e n t e d , i n 

e x p e r i m e n t 3 o f Chap te r 3 . I n c e n t r a l and i p s i l a t e r a l p o s i t i o n s o n l y . 

The i n t e n t i o n he re was t o p r e s e n t t h e s t i m u l u s i n t h a t r e g i o n where 

t h e baby was most l i k e l y , by c h a n c e , t o be l o o k i n g , and t h e o n l y 

a s s u m p t i o n made was t h a t i t wou ld be i n c r e a s i n g t h e p r o b a b i l i t i e s o f 

g e t t i n g r e s u l t s . 

I t i s a w e l l - e s t a b l i s h e d f i n d i n g t h a t t h e newborn f i x a t e s more 

t e m p o r a l l y ( i . e , , I p s i l a t e r a l l y ) unde r m o n o c u l a r , when compared w i t h 

b i n o c u l a r , c o n d i t i o n s o f v i e w i n g ( S a l a p a t e k and Kessen , 1966, p l 6 5 ; 

S a l a p a t e k , 1968, p 2 5 0 ) . I n t h i s c o n t e x t i t i s r e l e v a n t t o i n c l u d e 

K e s s e n , S a l a p a t e k , and H a i t h ' s (1972) p o s s i b l e e x p l a n a t i o n f o r t h e i r 

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

r i g h t when a v e r t i c a l edge was p r e s e n t e d t o newborns 3 i nches t o t h e 

r i g h t ( d i s c u s s e d i n Chap te r h: t h e r i g h t eye was a lways t he one 

p h o t o g r a p h e d , w i t h t h e l e f t eye o c c l u d e d ) . They sugges t t h a t bab ies 

may have d i f f i c u l t y , ( e s p e c i a l l y when c o n f i n e d t o monocu la r v i s i o n ) , i n 

h o l d i n g t h e eye i n a f i x e d p o s i t i o n on t h e t empora l s i d e . A l l t h e s e 

f i n d i n g s , however , a r e f r o m c o n t r o l t r i a l s i n w h i c h t h e neona te was 

F o o t n o t e In s c o t o p i c v i s i o n , o f c o u r s e , o b j e c t s a r e bes t seen when 
v i e w e d p e r i p h e r a l l y . A t t h e i l l u m i n a t i o n l e v e l s found on a d a r k n i g h t 
t h e f o v e a i s l e s s s e n s i t i v e t h a n more p e r i p h e r a l r e g i o n s o f t h e r e t i n a . 
I n t h i s c a s e , maximum s e n s i t i v i t y o c c u r s i n a r e g i o n o f 5 t o 15 t o 
each s i d e o f t h e fovea (Davson , 1950, p lG3 ; P i r e n n e , 1967, p 5 7 ) . The 
. \uf l^^^o^cfe , l e v e l s ( 2 0 f t L) used i n e x p e r i m e n t s 3 and k o f Chap te r 3 
w o u l d seem t o be w e l l w i t h i n t h e range o f p h o t o p i c v i s i o n . 
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shown a b l a n k f i e l d - i . e . , a homogeneous b l a c k o r w h i t e f i e l d . 
H a i t h ( 1 9 6 8 ) , d i d , i n f a c t , sugges t t h a t " . . . v i s u a l i n p u t , e s p e c i a l l y 
v e r t i c a l l y o r i e n t e d i n p u t , s t a b i l i z e s t h e p o s i t i o n o f t h e eye " (pB: 
t h e " l o s s o f c o n t r o l " t h a t he m e n t i o n s was o n l y found d u r i n g b l a n k -
s c r e e n p e r i o d s ) . A d d i t i o n a l l y , when one eye i s cove red by a gauze 
p a d , t h e f i e l d o f v i e w o f t h e open eye does e x t e n d more i n an i p s i -
l a t e r a l d i r e c t i o n , so i t does no t r e a l l y seem s u r p r i s i n g t h a t newborn 
b a b i e s s h o u l d " f i x a t e " more t e m p o r a l l y i n t h e s e c o n d i t i o n s . The 
changes i n eye p o s i t i o n t h a t o c c u r when no s t i m u l u s i s p r e s e n t may 
be a c t i v e " s e a r c h i n g " movements , o r may b e , i n some sense , random 
movements o f t he , e y e . A s , by d e f i n i t i o n , l i t t l e v i s u a l i n f o r m a t i o n 
r e s u l t s f r o m t h e s e movements t h e y canno t be s a i d t o be f i x a t i o n s 
i n t h e same sense t h a t l o o k s d i r e c t e d a t a t a r g e t a r e . That i s , t h e r e 
i s no e v i d e n c e t o sugges t t h a t t h e l o c a t i o n o f a newborn ' s f i x a t i o n s , 
o r h i s p a t t e r n o f s c a n n i n g ' , d i f f e r s f o r monocu la r and b i n o c u l a r 
v i e w i n g c o n d i t i o n s , when a c t i v e l y v i e w i n g a s t i m u l u s . 

T h e r e i s a l s o no e v i d e n c e t o sugges t t h a t a newborn p r e s e n t e d w i t h 

an i p s i l a t e r a l s t i m u l u s m i g h t t e n d t o l o o k more t o one s i d e o f i t t han 

t h e o t h e r . A d i f f i c u l t y i s f ound he re i n t h e d e f i n i t i o n o f i p s i l a t e r a l l y 

and c o n t r a l a t e r a l l y p r e s e n t e d s t i m u l i (a s i m i l a r p rob lem i s c o n s i d e r e d 

i n C h a p t e r 3 , f o o t n o t e ' ) . A l t h o u g h , r e l a t i v e t o t he camera ' s c e n t r a l 

p l a c e m e n t , s t i m u l i a r e p r e s e n t e d a c o n s t a n t d i s t a n c e to l e f t o r r i g h t ' 

a t t h e s t i m u l u s p l a n e , t h i s does no t mean t h a t the a n g u l a r d e v i a t i o n o f 

t h e s t i m u l i f r o m t h e n e o n a t e ' s m i d l i n e can be s p e c i f i e d : however 

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

t h e i r heads t o one s i d e . T h u s , i f t h e r e were some f o r m o f b i a s 

r e s u l t i n g f r o m t h e a n g u l a r d e v i a t i o n o f t h e s t i m u l u s f r om t h e b a b y ' s 

m i d l i n e , t h e c o n s i s t e n c y o f t h e f i n d i n g s r e p o r t e d i n Chap te r 3 wou ld 

p r o b a b l y not have o c c u r r e d . 
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However , t h e most v a l i d , and l e a s t s p e c u l a t i v e , r e p l y t o t h e 

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

causes o f t h e d i s p a r i t i e s f o u n d . The d i s p a r i t i e s found f o r neonates 

a r e i n t h e same d i r e c t i o n as t h o s e found i n a d u l t s , and t h e a n a t o m i c a l 

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

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

t h e b a b i e s i n a l l t h e s t i m u l u s p o s i t i o n s used i n e x p e r i m e n t s 3 and k 

o f Chap te r 3 were l o o k i n g w i t h f o v e a l v i s i o n . 

The c o n c l u d i n g s t a t e m e n t o f S a l a p a t e k e t a l . {ppk36-k37) i s : 

' " B u t , t hough t h e e v i d e n c e does sugges t a c o r r e c t i o n be a p p l i e d t o 

a v e r a g e d r e s u l t s , i t remains i n a d v i s a b l e t o a p p l y such an ave rage 

c o r r e c t i o n t o i n d i v i d u a l cases u n t i l some o b j e c t i v e measure o f o p t i c a l -

v i s u a l a x i s d i s c r e p a n c y f o r i n d i v i d u a l i n f a n t s i s d i s c o v e r e d . " On 

l o g i c a l and s t a t i s t i c a l g r o u n d s , t h i s c o n c l u s i o n i s no t j u s t i f i e d . 

Because o f t h e m a g n i t u d e o f t h e e f f e c t s , and s i n c e t h e f i x a t i o n 

peaks o f t h e neona tes used as s u b j e c t s were a l l w i t h i n - 5 ° o f t h e 

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

f o r each s u b j e c t i f a c o r r e c t i o n based on t h e average magn i tudes i s 

a p p l i e d . 

F i n a l l y , i t has no t been sugges ted t h a t t h e c o n c l u s i o n s o f 

S a l a p a t e k e t a l . r e g a r d i n g t h e s e l e c t i o n o f p a t t e r n f e a t u r e s by t he 

newborn a r e i n e r r o r ; i t i s t h o u g h , i n t e r e s t i n g t o no te t h a t " t h e s e 

e f f e c t s become s t r o n g e r f o r some i n f a n t s when a c o r r e c t i o n f a c t o r 

such as S l a t e r and F i n d l a y s u g g e s t , i s a p p l i e d " (pkSS). Data c o n c e r n i n g 

t h e q u e s t i o n o f i n f a n t conve rgence and f u s i o n a r e p r e s e n t e d i n t h e 

n e x t c h a p t e r s o f t h i s , t h e s i s . 
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CHAPTER 6 

BINOCULAR FIXATION IN THE NEWBORN: RESPONSES TO STIMULI AT DIFFERENT 
DISTANCES 

The a v a i l a b l e l i t e r a t u r e c o n c e r n i n g t h e newborn ' s a b i l i t y 

t o c o n v e r g e was c o n s i d e r e d i n Chap te r 1 . The p r e v a i l i n g o p i n i o n 

i s t h a t , a t b i r t h f i x a t i o n i s m o n o c u l a r , b i n o c u l a r f i x a t i o n f i r s t 

a p p e a r i n g a t t h e end o f t h e second month o f l i f e . However , most 

p r e v i o u s r e s e a r c h e r s who have been concerned w i t h t h i s v a r i a b l e have 

been unaware t h a t t h e o p t i c and v i s u a l axes o f t h e , e y e do not c o i n c i d e , 

and have e r r o n e o u s l y assumed t h a t o p t i c a l d i v e r g e n c e o f t h e two eyes 

means t h a t t h e y a r e a l s o v i sua 1 l y d i v e r g e n t . 

The e x p e r i m e n t s d e s c r i b e d i n t h i s , and t h e f o l l o w i n g c h a p t e r , were 

d e s i g n e d t o i n v e s t i g a t e t h e n e o n a t e ' s a b i l i t y t o c o n v e r g e . ' I f t h e 

neona te i s a b l e t o c o n v e r g e , t h i s a b i l i t y w i l l m a n i f e s t i t s e l f i n 

f o u r w a y s . These a r e : 

(1) The two eyes w i l l be o p t i c a l l y d i v e r g e n t , on a v e r a g e , by 

some 17 . 

(2) Each eye w i l l be s c o r e d as b e i n g o n - t a r g e t when a c o r r e c t i o n 

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

f r o m t h e t a r g e t . 

(3) The two eyes w i l l be o p t i c a l l y more d i v e r g e n t when f i x a t i n g 

more d i s t a n t t a r g e t s , ( i , e , , when b i n o c u l a r l y v i e w i n g a t a r g e t a t 

i n f i n i t y t h e v i s u a l ' a x e s o f t h e eyes a r e p a r a l l e l ) , 

(k) S u b j e c t s w i l l c o n v e r g e t o any s t i m u l u s t h a t a t t r a c t s t h e i r 

( v i s u a l ) a t t e n t i o n . 

F o o t n o t e ' As used i n t h i s c h a p t e r , t h e t e rms " c o n v e r g e n c e " , 
" b i f o v e a l f i x a t i o n " , and " b i n o c u l a r f i x a t i o n " a r e synonyms. 
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The r e s u l t s f r o m e x p e r i m e n t s i n w h i c h t h e f i r s t t h r e e o f t hese 

was i n v e s t i g a t e d , a r e g i v e n i n t h i s c h a p t e r , and i n a l l t h e e x p e r i m e n t s 
s t i m u l i a t d i f f e r e n t d i s t a n c e s were p r e s e n t e d . I n i t i a l l y , a l t e r a t i o n s 
t o t h e a p p a r a t u s , and changes t o t h e s c o r i n g p r o c e d u r e , w i l l be 
d e s c r i b e d . 

A p p a r a t u s and p h o t o g r a p h y The Crouze t mo to r f i t t e d t o t h e camera 

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

f o l l o w i n g c h a p t e r , t h e camera , when i n o p e r a t i o n , r eco rded a t a 

speed o f two f rames pe r s e c o n d . The camera was moved back a l o n g 

t h e o p t i c a l bench f i t t e d t o t h e a p p a r a t u s , so t h a t i t s f i e l d o f 

v i e w ( 2 ^ i n x 2 i n ) encompassed b o t h o f each s u b j e c t ' s e y e s . The 

e x p o s u r e t i m e (•g 'sec) and d i aph ragm s e t t i n g ( f S ) were not changed . 

O t h e r d e t a i l s c o n c e r n i n g t h e a p p a r a t u s and g e n e r a l p rocedu re a r e 

g i v e n i n C h a p t e r 3 . M o d i f i c a t i o n s t o t h e a p p a r a t u s t o a l l o w t h e 

s t i m u l i t o be p r e s e n t e d , and t h e s t i m u l i u s e d , w i l l be d e t a i l e d f o r 

each e x p e r i m e n t . 

S c o r i nq and a n a l y s i s A f i l m f rame was s c o r a b l e i f b o t h eyes o f 

each s u b j e c t were v i s i b l e and t h e p u p i l c e n t r e o f each eye c o u l d be 

d e t e r m i n e d r e l a t i v e t o t h e marke r l i g h t s ' p o s i t i o n . No s u b j e c t ' s 

r e c o r d was sco red i f a p r e l i m i n a r y check i n d i c a t e d t h a t t h e r e were 

f e w e r t h a n ]k s c o r a b l e f r a m e s . F i g u r e 6 , 1 i l l u s t r a t e s t h e s c o r i n g 

p r o c e d u r e . The p h o t o g r a p h i s o f a n e o n a t e ' s eyes (SIO o f E x p t . 8 ) , 

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

p o s i t i o n e d two i nches t o t he r i g h t o f c e n t r e . Each s c o r a b l e f rame 

was p r o j e c t e d , i n t h e u s u a l way , o n t o a sca led -down copy o f a p r i n t 

show ing t h e r e l a t i v e p o s i t i o n s o f marker l i g h t s (B i n F i g . 6 . 1 ) , and 

t h e p o s i t i o n s o f t h e p u p i l c e n t r e s , f o r b o t h e y e s , were marked . Sheets 

were p r e p a r e d , each w i t h kO i d e n t i c a l p r i n t c o p i e s on t hem, and a 

d i f f e r e n t " t e m p l a t e " . w a s used i n s c o r i n g t h e s e p a r a t e f r a m e s . 
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F i g u r e 6 . 1 Pho tog raph and d iag rams t o i l l u s t r a t e t he s c o r i n g p r o c e d u r e 
when b o t h eyes a r e a v a i l a b l e f o r a n a l y s i s . 
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These sco red p o s i t i o n s o f t h e p u p i l c e n t r e s c o n s t i t u t e t h e raw 

d a t a f o r each S i n each s t i m u l u s c o n d i t i o n . . The o p t i c a l d i v e r g e n c e 

o f t h e two p u p i l c e n t r e s was t h e n found f o r each o f t h e sco red p r i n t 

c o p i e s . I f t h e o p t i c a l d i v e r g e n c e o f each eye i s 8 ^ ° , t he sco red 

s e p a r a t i o n o f t h e p u p i l c e n t r e s wou ld be 3 Inches a t t h e l e v e l o f 

t h e s t i m u l u s p l a n e (10 i nches f r o m t h e S ' s e y e s ) . A d i a g r a m was 

c o n s t r u c t e d , show ing t h e d i s t a n c e s a p a r t t h e d e r i v e d p o s i t i o n s o f t he 

p u p i l c e n t r e s wou ld be f o r o p t i c a l d i v e r g e n c e s r a n g i n g f r om 0 t o 2 0 ° , 

and a l s o showing t h e s e p a r a t i o n (12 i n c h e s ) o f t h e two h o r i z o n t a l . 

ma rke r l i g h t s . T h i s was p h o t o g r a p h e d , and f i l m t r a n s p a r e n c i e s were 

p r e p a r e d , reduced t o t h e same s i z e as t h e p r i n t c o p i e s . A t r a n s p a r e n c y 

(C i n F i g . 6 . 1 ) , was f i t t e d t o t h e sco red p o s i t i o n o f t h e p u p i l 

2 

c e n t r e s , and t h e i r o p t i c a l d i v e r g e n c e read o f f . 

. The a rea o f t h e s t i m u l u s f i e l d f i x a t e d by each eye was a l s o 

f o u n d . To do t h i s , d iag rams were p r e p a r e d i n w h i c h a c o r r e c t i o n f o r 

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

p o s i t i o n was i n t r o d u c e d . For t h e purposes o f t h i s a n a l y s i s t h e 

s t i m u l u s f i e l d was d i v i d e d i n t o 1 i n c h v e r t i c a l a r e a s , up t o a 5 i n c h 

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

t r a n s p a r e n c i e s o f t h e s e d i ag rams were p r e p a r e d , such t h a t t h e p o s i t i o n s 

o f t h e marker l i g h t s on them e x a c t l y f i t t e d t hose on t h e p r i n t c o p i e s . 

These t r a n s p a r e n c i e s , f o r r i g h t and l e f t eye d i s p a r i t i e s , (D and E, * ' 

r e s p e c t i v e l y , i n F i g . 6 . 1 ) , were s e p a r a t e l y p l a c e d o v e r each scored 

p r i n t c o p y , and t h e a rea f i x a t e d was found f o r each e y e . The 

a v e r a g e d i s p a r i t i e s were used i n p r e p a r i n g t h e s e t r a n s p a r e n c i e s 

2 
F o o t n o t e The marke r l i g h t s p r e s e n t on t h e s e t r a n s p a r e n c i e s were 
needed i n t h e i r p r e p a r a t i o n , i . e . , t h e d i s t a n c e between t h e h o r i z o n t a l 
m a r k e r l i g h t s i s . t h e same f o r t h e t r a n s p a r e n c i e s and t h e p r i n t 
c o p i e s . They were no t used i n t h e a n a l y s i s I t s e l f . 
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( d e r i v e d f r o m e x p t s . 3 and k, and f r om F i g . 3 . 7 ) . T h u s , i f t h e 

eyes were o p t i c a l l y d i v e r g e n t by 1 7 ° , and S was l o o k i n g w i t h b o t h 

eyes a t a p o i n t 3 i nches t o t h e r i g h t o f c e n t r e , i t can be seen f r o m 

D and E o f F i g u r e 6 . 1 t h a t t h e p u p i l c e n t r e o f t h e r i g h t eye wou ld 

be a p p r o x i m a t e l y v e r t i c a l l y a l i g n e d w i t h t h e r i g h t h o r i z o n t a l 

i l l u m i n a t o r , and t h e p u p i l c e n t r e o f t h e l e f t eye wou ld be somewhat 

t o t h e l e f t o f t h i s marke r l i g h t . For t h e f i l m f rame f r o m w h i c h t h e 

p h o t o g r a p h , (A i n F i g , 6 . 1 ) , was t a k e n , t h e S was sco red as l o o k i n g 

two i n c h e s t o t h e r i g h t w i t h b o t h e y e s , and t h e o p t i c a l d i v e r g e n c e 

o f each eye was 1 1 ° . 

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

by a p a r t i c u l a r s u b j e c t , and t h e r e f l e c t i o n s o f t h e marker l i g h t s 

on t h e f i l m f rames were v i s i b l e as s t r e a k s . I s o l a t e d s c o r a b l e 

f r ames amongst such a c t i v i t y d i d n o t , i t was f e l t , i n d i c a t e a t t e n t i o n 

t o t h e s t i m u l u s , and f o r t h i s reason f rames were no t sco red i f t h e r e , 

were no t two o r more c o n s e c u t i v e f rames f o r a n a l y s i s , A f rame was 

n o t s c o r e d i f b o t h eyes were l o o k i n g more t h a n 5 i nches , f rom c e n t r e . 

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

EXPERIMENT 5 

S u b j e c t s S u b j e c t s f o r t h e e x p e r i m e n t were 16 newborn b a b i e s , 6 

f e m a l e s and 10 m a l e s , 11 o f whom were f i r s t b o r n . T h e i r ages a t t h e 

t i m e o f e x p e r i m e n t i n g ranged f r o m 57 t o 190 h o u r s , median 114,5 h o u r s ; 

and t h e i r b i r t h w e i g h t s ranged f r o m 51b 15oz t o 91b , median 71b 9oz , 

Data c o l l e c t e d f r o m a f u r t h e r 12 bab ies c o u l d not be used as 

t h e r e were no t ]k s c o r a b l e f rames i n any s t i m u l u s c o n d i t i o n . An 

i n i t i a l d i f f i c u l t y i n f o c u s i n g t h e camera was t h e m a j o r cause o f 

t h i s s u b j e c t l o s s , and d a t a on t h e s e b a b i e s a r e not g i v e n h e r e . 

S t i m u l i and p r o c e d u r e Th ree s t i m u l i were p r e s e n t e d , a t e y e - t o - t a r g e t 

d i s t a n c e s o f 5 i n c h e s , 10 i n c h e s , and 20 i n c h e s . The 10 i n c h 
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s t i m u l u s was t h e a r r a y o f c o l o u r e d l i g h t s used i n e x p e r i m e n t s 3 and k. 
T h i s s t i m u l u s was mounted on one o f t h r e e s t i m u l u s pane l s t o enab le i t 
t o be p r e s e n t e d i n one o f t h r e e p o s i t i o n s : 2 i nches t o l e f t o f c e n t r e , 
c e n t r e , and 2 i n c h e s t o r i g h t o f c e n t r e . 

The same a r r a y o f l i g h t s was a l s o t he s t i m u l u s f o r t h e 20 i n c h 

v i e w i n g c o n d i t i o n . I n t h i s c o n d i t i o n t h e l i g h t s were mounted 

l a t e r a l l y w i t h r e s p e c t t o t h e S ' s e y e s . A b l a c k s h i e l d a round t he 

s i d e o f t h e l i g h t s p r e v e n t e d S f r o m s e e i n g them w i t h p e r i p h e r a l v i s i o n . 

A s m a l l ( 5 i n x k'\n) f r o n t - s u r f a c e d m i r r o r was mounted above t h e s m a l l 

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

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

r e f l e c t e d d i s t a n c e o f 20 i n c h e s . 

The s t i m u l u s a t t h e s m a l l e s t v i e w i n g d i s t a n c e was a s i n g l e , 

w h i t e l i g h t , j i n c h i n d i a m e t e r . When r e q u i r e d , t h i s l i g h t was 

swung i n t o p o s i t i o n , and was 5 i nches f r o m S ' s e y e s , and 1 i n c h above 

t h e c e n t r e o f t h e c a m e r a ' s f i e l d o f v i e w . When p r e s e n t e d t o t h e 

s u b j e c t s , a l l t h e s t i m u l i were e i t h e r b l i n k i n g , b e i n g on f o r ^ ^ s e c 

and o f f for-jj_^sec ( t h e " o n - o f f " c o n d i t i o n ) , o r remained on ( t h e " o n " 

c o n d i t i o n ) , and d u r i n g i n t r a - s u b j e c t s t i m u l u s p r e s e n t a t i o n s t he 

" o n - o f f " and " o n " c o n d i t i o n s were a l t e r n a t e d . 

The t h r e e s t i m u l i were s e p a r a t e l y p r e s e n t e d , i n a p r e d e t e r m i n e d 

o r d e r f o r each S, f o r a p p r o x i m a t e l y 1 m i n u t e e a c h . For t h e 10 i n c h 

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

between S s , and t h e c e n t r a l p o s i t i o n was i n t r o d u c e d d u r i n g l a t e r 

e x p e r i m e n t a l s e s s i o n s . A l s o i n c l u d e d i n t h e e x p e r i m e n t was a c o n t r o l 

t r i a l , i . e . , a t r i a l i n w h i c h a b l a c k s t i m u l u s panel o n l y was p r e s e n t e d . 

The l um inance o f each s t i m u l u s l i g h t was c o n s t a n t a t a p p r o x i m a t e l y 2 0 f t L. 

T h u s , t h e i d e a l s i t u a t i o n was f o r each S t o v i e w s t i m u l i a t t h e 

t h r e e d i f f e r e n t d i s t a n c e s , and a l s o t h e b l a n k s t i m u l u s p a n e l . A f t e r 
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a few e x p e r i m e n t a l t r i a l s , however , c e r t a i n p rob lems became a p p a r e n t . 

F i r s t l y , Ss became n o t i c e a b l y more a c t i v e when no s t i m u l u s was 

a v a i l a b l e , and p h o t o g r a p h i c r e c o r d s were d i f f i c u l t t o o b t a i n . S e c o n d l y , 

d i f f i c u l t i e s were found i n p r e s e n t i n g t h e s t i m u l u s a t 20 i n c h e s : 

t h e s t i m u l u s pane l on w h i c h t h e m i r r o r was mounted was b u l k y , and a 

l o n g t i m e was t a k e n t o change t o t h i s s t i m u l u s c o n d i t i o n . A l s o , 

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

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

t h i s c o n d i t i o n seemed o v e r e x p o s e d and c o u l d no t be s c o r e d . 

C o n s e q u e n t l y , t h e c o n t r o l t r i a l , and t h e 20 i n c h c o n d i t i o n were 

o n l y i n c l u d e d i n t h e f i r s t few e x p e r i m e n t a l t r i a l s , and r e s u l t s were 

o n l y o b t a i n e d f r o m Ss p r e s e n t e d w i t h t h e s t i m u l i a t t h e 5 and 10 i n c h 

d i s t a n c e s . 

Th roughou t each e x p e r i m e n t a l s e s s i o n two e x p e r i m e n t e r s were 

p r e s e n t , E^ ( t h e a u t h o r ) h e l d t h e b a b i e s i n p o s i t i o n , and E^ 

(Mr . Bruce W h i t e ) was r e s p o n s i b l e f o r s w i t c h i n g t h e camera and 

c h a n g i n g t h e s t l m u l i . 

Di s c u s s i o n i n t h i s e x p e r i m e n t t h e r e t i n a l image s i z e o f t he s t i m u l i 

a t t h e d i f f e r e n t d i s t a n c e s was d i f f e r e n t . I t m igh t p r o p e r l y be 

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

t h i s c h a p t e r ( e x p t s . 7 and 8 ) . However, i t i s a p p r o p r i a t e t o c o n s i d e r 

h e r e t h e changes i n t h e o p t i c a l d i v e r g e n c e o f t h e eyes one wou ld 

e x p e c t t o f i n d i f t h e neona te were t o conve rge t o s t i m u l i a t 5 , 10 

and 20 i n c h e s . 

The p r o c e d u r e adop ted f o r s c o r i n g t h e r e s u l t s was des igned t o 

g i v e maximum a c c u r a c y a t a v i e w i n g d i s t a n c e o f 10 i n c h e s . I f t he 

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

a p p a r a t u s , t h e o p t i c a l d i v e r g e n c e sco red f o r each eye w i l l be 
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a p p r o x i m a t e l y 8 . 5 ° ( t h e r e w i l l , o f c o u r s e , be some i n t e r s u b j e c t 

v a r i a b i l i t y ) ^ . I f t h e neona te t h e n changes t h e convergence a n g l e o f 

t h e eyes t o b i f o v e a l l y f i x a t e s t i m u l i a t 5 inches and 20 i n c h e s , t he 

changes i n o p t i c a 1 . d i v e r g e n c e can be found f r o m a c a l c u l a t i o n based 

on F i g u r e 6 . 2 . In t h i s F i g u r e t h e l e f t eye i s c o n s i d e r e d and i s 

l o c a t e d a t E ' , w h i c h i s 0 . 7 5 i nches t o t h e l e f t o f c e n t r e ( E ) . 

A , B , and C o f t h i s F i g u r e i n d i c a t e t he p o s i t i o n s o f t a r g e t s t h a t 

a r e , r e s p e c t i v e l y , 5 , 10 and 20 inches f r o m t h e m i d p o i n t between t h e 

b a b y ' s e y e s . The S f i x a t i n g t a r g e t B wi 11 have a l i n e o f s i g h t a l o n g 

t h e l i n e E ' B . To v i e w t a r g e t s a t 5 i nches and 20 inches t he l i n e 

o f s i g h t changes , t o v i e w a l o n g t h e l i n e s E ' A and E ' C , r e s p e c t i v e l y . 

T h u s , t h e e x p e c t e d changes i n t h e s c o r e d p o s i t i o n o f t h e eye a r e 

t h e a n g l e s B E ' A and B E ' C , These a n g l e s a r e , r e s p e c t i v e l y , 4 . 2 ° and 

ok 

2 . 1 5 , T h u s , i f S c h a n g e s . b i n o c u l a r f i x a t i o n f r o m a t a r g e t a t 10 

i n c h e s t o one a t 5 i n c h e s , t h e o p t i c a l d i v e r g e n c e o f each eye w i l l 

be reduced by 4 . 2 ° ; when he changes f i x a t i o n p o s i t i o n f r o m 10 inches 

F o o t n o t e I n t e s t i n g sequence 7 o f Chap te r 2 a " b i n o c u l a r e f f e c t " 
was f o u n d , a consequence o f d i s p l a c i n g each eye f r o m c e n t r e . From 
a c o n s i d e r a t i o n o f t h e cause o f t h e e f f e c t (Chapter h), i t i s e v i d e n t 
t h a t t h e sco red o p t i c a l d i v e r g e n c e w i l l t end t o u n d e r e s t i m a t e t he 
a c t u a l d i v e r g e n c e by an amount o f 1.3 v i s u a l a n g l e , f o r each e y e . 
Because o f t h e s m a l l m a g n i t u d e o f t h i s e f f e c t , a c o r r e c t i o n f o r i t 
has no t been i n t r o d u c e d . I t w i l l , however , be c o n s i d e r e d l a t e r 
( C h a p t e r 8 ) . 

4 
F o o t n o t e The c a l c u l a t i o n o f t h e s e a n g l e s was as f o l l o w s : 

(1) To f i n d Z-BE'A. EA = 5 " ; E'E = . 7 5 " . Thus , tanZ-E'AE = 
. 7 5 / 5 = . 1 5 . T h e r e f o r e , Z -E 'AE = 8 . 5 ° a n d ^ E ' A B = 171.5 : EB = 1 0 " ; 
E'E = . 7 5 " . T h u s , tanZ-E'BE = . 7 5 / 1 0 = . 0 7 5 . T h e r e f o r e , ^ E ' BE = 
4 . 3 ° . C o n s e q u e n t l y , Z - B E ' A = l 80 - (171 .5 + 4 . 3 ) = 4 . 2 ° . 

(2) To f i n d / - B E ' C . Z-E^C = 175 .7 ° ( s i n e e Z .E 'BE = 4 . 3 ° ) • 
t anZ .E 'CE = , . 7 5 / 2 0 = . 0 3 7 5 . T h e r e f o r e , iL E'CE = 2 . 1 5 . C o n s e q u e n t l y , 
Z . B E ' C = 180 - (175 .7 + 2 . 1 5 ) = 2 . 1 5 . 
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EA = 5 
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EC = 20 

F i g u r e 6 .2 D iagram (no t t o s c a l e ) t o i l l u s t r a t e the changes i n 
t h e s c o r e d d i v e r g e n c e o f t h e eyes f o r b i n o c u l a r f i x a t i o n . o f 
s t i m u l i a t 5 , 10 and '20 i n c h e s . 
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t o 20 i nches t h e o p t i c a l d i v e r g e n c e o f each eye w i l l i n c r e a s e by 

2 . 1 5 ° . 

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

o p t i c a l d i v e r g e n c e , w h i c h w i l l a f f e c t t h e magn i tudes f o u n d . The 

n a t u r e o f t h e o f f - a x i s p a r a l l a x e f f e c t ( i . e . , " p r o j e c t i v e d i s t o r t i o n " ) 

i s such t h a t , when a s u b j e c t changes f i x a t i o n by an amount o f , say 

1 i n c h , t h e d e r i v e d p o s i t i o n o f t h e p u p i l c e n t r e w i t h i n t h e marker 

l i g h t s i n d i c a t e s a g r e a t e r change , ( f r o m F i g u r e 3 .7 i t can be seen 

t h a t when t h e neona te f i x a t e s f r o m c e n t r e t o a p o i n t 3^ i nches f r o m 

c e n t r e , t h e p u p i l c e n t r e w i l l appear t o have moved t h r o u g h 3^ + 1 j 

i n c h e s = 5 i n c h e s ) . A l t h o u g h a c o r r e c t i o n f o r t h e p a r a l l a x e f f e c t 

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

l o c a t i o n o f t h e n e w b o r n ' s f i x a t i o n s (D and E o f F i g . 6 , 1 ) , t h e s c o r i n g 

o f t h e o p t i c a l d i v e r g e n c e o f t h e eyes (C i n F i g , 6 , 1 ) , i s no t 

c a l i b r a t e d f o r changes i n o p t i c a l d i v e r g e n c e r e s u l t i n g f r o m v i e w i n g . 

s t i m u l i a t d i f f e r e n t d i s t a n c e s , and w i l l o v e r e s t i m a t e t hese changes 

by 0 , 4 3 ° f o r e v e r y 1° o f change . 

C o n s e q u e n t l y , when S changes b i n o c u l a r f i x a t i o n f r o m 10 t o 5 

i n c h e s t h e o p t i c a l d i v e r g e n c e o f each eye w i l l be sco red as d e c r e a s i n g 

by k.2 + {k.2 x 0 . 4 3 ) ° = 6 ^ . When t h e change i s f r o m 10 t o 20 i n c h e s , 

t h e s c o r e d o p t i c a l d i v e r g e n c e o f t h e eyes w i l l i n c r e a s e by 2 ,15 + 

( 2 . 1 5 X 0 , 4 3 ) ° = 3 . 1 ° . 

R e s u I t s 6 o f t h e 16 bab ies f r o m whom r e s u l t s were o b t a i n e d i n t h i s 

e x p e r i m e n t c o n t r i b u t e d t o t h e r e s u l t s f o r bo th t he 5 and 10 i n c h 

v i e w i n g d i s t a n c e s . 7 Ss gave r e s u l t s f o r t h e 10 i n c h d i s t a n c e o n l y , 

and t h e r e m a i n i n g 3 Ss gave r e s u l t s f o r t h e 5 i n c h d i s t a n c e . 

The s t i m u l u s a t 10 i nches R e s u l t s f o r t h e 13 bab ies who v iewed . 

t h e s t i m u l u s a t t h e 10 i n c h d i s t a n c e a r e g i v e n i n t a b l e 6 . 1 . i n 

co lumn A t h e s t i m u l u s c o n d i t i o n i s shown, (R i n t h i s co lumn i n d i c a t e s 

t h a t t h e s t i m u l u s was p r e s e n t e d 2 Inches t o t he r i g h t o f c e n t r e ; L and 
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C i n d i c a t e t h e s t i m u l u s p o s i t i o n s t o t h e l e f t o f c e n t r e , and c e n t r e ) , 

I n co lumn B t h e s u b j e c t number i s shown, and i n column C, t h e number 

o f f r ames s c o r e d pe r s u b j e c t . The eye s c o r e d , r i g h t and l e f t , i s 

shown i n co lumn D, and t h e number o f f i x a t i o n s sco red w i t h i n each 

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

o f t h e a rea d e s i g n a t e d by E, f o r each eye o f each S, The f i g u r e s 

i n t h e s e co lumns have been a r r a n g e d such t h a t f i x a t i o n s o n - t a r g e t 

( i . e . , s co red as f i x a t i n g t h e t a r g e t d i r e c t l y , o r b e i n g w i t h i n 

TJ. i n c h t o e i t h e r s i d e o f t h e ^- inch w i d e s t i m u l u s ) , a r e i n a rea 0 . 

T h u s , f i x a t i o n s s c o r e d as b e i n g o n - t a r g e t , r e g a r d l e s s o f whe the r S 

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

c e n t r e , a r e p l a c e d i n a rea 0 , Column F g i v e s t h e average a rea 

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

and l e f t e y e s ; p o s i t i v e v a l u e s i n d i c a t e t h a t t h e ave rage l o c a t i o n 

o f t h e eye was t o t h e r i g h t o f t h i s p o i n t , and n e g a t i v e v a l u e s 

i n d i c a t e a d i s p l a c e m e n t t o t h e l e f t . Column G g i v e s t h e average 

o p t i c a l d i v e r g e n c e o f each e y e , f o r each S ( t o o b t a i n t h e o p t i c a l 

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

d o u b l e d ) . 

From t h e t o t a l s o f t h i s t a b l e i t can be seen t h a t t h e r i g h t eye 

was o n - t a r g e t i n - 2 2 3 o f t h e f rames s c o r e d , o r W]% o f t h e t i m e . 

The l e f t eye was on t a r g e t 4 l % o f t h e t i m e . Both eyes were l o o k i n g 

w i t h i n - l-jj_ i n c h e s o f t h e s t i m u l u s ( i . e . , w i t h i n - l i ' ^ 'o f t h e e x a c t 

c e n t r e o f t h e s t i m u l u s ) , i n o v e r 80% o f t h e sco red f rames (84% f o r 

t h e r i g h t e y e , and 82% f o r t h e l e f t e y e ) . 

On ave rage t h e s u b j e c t s ' r i g h t eyes were l o c a t e d 0 . 2 9 inches t o 

t h e r i g h t o f t h e e x a c t c e n t r e o f t h e s t i m u l u s , and t h e l e f t eyes 

were l o c a t e d 0 . 0 5 i n c h e s t o t h e r i g h t o f t h e s t i m u l u s c e n t r e . The 

a v e r a g e o p t i c a l d i v e r g e n c e o f each eye was 9 . 2 2 ° , a f i g u r e t h a t i s 



c l o s e t o t h e a v e r a g e d i v e r g e n c e o f 8.5° e x p e c t e d i f t h e Ss were 

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

The r e s u l t s f r o m two o f t h e Ss c a l l f o r s p e c i a l comment. For 

S2 t h e ave rage o p t i c a l d i v e r g e n c e o f each eye was 17.5°, perhaps 

l a r g e r t h a n one wou ld e x p e c t i f t h i s S had been c o n v e r g i n g . The 

r i g h t eye was s c o r e d as b e i n g , on a v e r a g e , 0,78 i nches t o t h e r i g h t o f 

t h e c e n t r e o f t h e s t i m u l u s , and t h e l e f t eye was 1 .^f^f i nches t o t h e 

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

s t r a b i s m u s was p r e s e n t and t h a t t h e eyes were s t r a d d l i n g t h e s t i m u l u s , 

as i t w e r e . However , i t seems e q u a1 l y p l a u s i b l e t o suppose t h a t t h i s 

S was c o n v e r g i . n g , and t h a t t h e a n g l e a l p h a was l a r g e , i t i s no t 

p o s s i b l e t o d e c i d e w h i c h o f t h e s e p o s s i b i l i t i e s i s c o r r e c t . Both 

eyes o f S l 8 w e r e , on a v e r a g e , f i x a t i n g an a rea some d i s t a n c e t o t he 

r i g h t o f t h e s t i m u l u s . For t h i s s u b j e c t i t i s n o t , f o r t h i s r e a s o n , 

a p p r o p r i a t e t o draw any c o n c l u s i o n s abou t b i n o c u l a r f i x a t i o n . ^ 

The r e s u l t s f o r t h e o t h e r 11 Ss p r o v i d e c o n v i n c i n g e v i d e n c e o f 

b i n o c u l a r f i x a t i o n o f t h i s s t i m u l u s . 

The s t i m u l u s a t 5 i n c h e s The ave rage d i v e r g e n c e o f t h e o p t i c a x i s 

o f t h e eye f o r each S f r o m whom r e s u l t s were o b t a i n e d a t t h e 5 i n c h 

v i e w i n g d i s t a n c e a r e g i v e n i n t a b l e 6,2, The ave rage d e v i a t i o n was 

9 , 8 3 ° , c l e a r l y f a r l a r g e r t h a n one wou ld have expec ted t o f i n d i f 

t h e s e Ss had been f i x a t i n g t h e s t i m u l u s b i f o v e a l l y . For 6 o f t h e s e • 

Ss r e s u l t s a r e a l s o a v a i l a b l e f o r t h e 10 i n c h s t i m u l u s , and t he 

o p t i c a x i s d i v e r g e n c e i n t h i s c o n d i t i o n i s shown f o r t h e s e Ss i n t h e 

a p p r o p r i a t e co lumn o f t h e t a b l e . The f i n a l column o f t h i s t a b l e 

F o o t n o t e I f S2 and SI8 a r e e x c l u d e d f r o m t h e a n a l y s i s , t h e ave rage 
l o c a t i o n o f b o t h t h e l e f t and r i g h t eyes o f t h e r e m a i n i n g 11 Ss 
wou ld be 0 . 0 5 i nches t o t h e r i g h t o f t h e c e n t r e o f t h e s t i m u l u s , 
and t h e ave rage o p t i c a l d i v e r g e n c e i s 8.21 f o r each e y e . 



142 

TABLE 6 .2 

Ave rage sco red o p t i c a l d i v e r g e n c e o f t h e eyes ( i n deg rees ) 
f o r Ss p r e s e n t e d w i t h t h e 5 i n c h s t i m u l u s , e x p e r i m e n t 5 

SUBJECT 5" 10" DIFFERENCE 

1 10.0 - -

8 11.32 8 . 3 - 3 . 0 2 

9 6 . 8 8 5 .79 - 1 . 0 9 

13 13.63 - -

18 5 .05 12 .08 7 .03 

19 4 . 0 7 6 . 0 9 2 .02 

2k 8 . 6 9 7 .07 -1 .62 

25 ]k.O - -

27 14 .79 4 . 6 5 - 1 0 . 1 4 

AVERAGES 9 . 8 3 ° 7 . 3 3 ° - 1 . 1 4 ° 
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shows t h e d i f f e r e n c e i n s c o r e d o p t i c a x i s d e v i a t i o n f o r t h e s e S s , 

be tween c o n d i t i o n s . In f o u r cases t h e r e was a g r e a t e r d i v e r g e n c e o f 

t h e eyes i n t h e 5 i n c h c o n d i t i o n . 

From the s c o r e d r e c o r d s f r o m t h e Ss i n t h e 5 i n c h c o n d i t i o n , 

t h e r e i s no o b v i o u s i n d i c a t i o n t h a t any S f i x a t e s the s t i m u l u s i n 

any c o n s i s t e n t manner , e i t h e r m o n o c u l a r l y o r b i n o c u l a r l y . As t h e 

s t i m u l u s used was s m a l l e r i n a rea t han t h e 10 i n c h s t i m u l u s , a 

d i r e c t c o m p a r i s o n o f t h e r e s u l t s f r o m t h e two c o n d i t i o n s i s no t 

p o s s i b l e . As r e s u l t s a r e a v a i l a b l e f r o m an e x p e r i m e n t ( e x p t . 8 ) , 

i n w h i c h s t i m u l u s v a r i a b l e s o t h e r t h a n d i s t a n c e were e q u a t e d , t h e 

n e g a t i v e r e s u l t s f r o m t h e 5 i n c h c o n d i t i o n i n t h i s e x p e r i m e n t w i l l 

n o t be c o n s i d e r e d i n any f u r t h e r d e t a i l . 

C o n j u g a t e eye movements Tha t t h e neona te has t h e a b i l i t y t o move 

t h e eyes i n a c o o r d i n a t e d , yoked f a s h i o n , i s w e l l known (see 

C h a p t e r 1 ) , However , a measure was t a k e n o f c o n j u g a t e movements o f 

t h e eyes i n t h e s t i m u l u s c o n d i t i o n s used i n t h i s e x p e r i m e n t , f o r t h e 

f i r s t t h i r t e e n Ss f r o m whom r e s u l t s were o b t a i n e d ( b o t h i n t h e 5 and 

10 i n c h c o n d i t i o n s ) . For t h e s c o r a b l e f rames each eye was sco red as 

l o o k i n g w i t h i n a 1 i n c h v e r t i c a l a rea o f t h e s t i m u l u s f i e l d ( u s i n g 

t h e p h o t o g r a p h i c t r a n s p a r e n c i e s d e s c r i b e d e a r l i e r , i , e . , D and E 

o f F i g . 6 . 1 ) , and where s u c c e s s i v e f rames were a v a i l a b l e f o r a n a l y s i s , 

t h e movement o f t h e eyes ( i f any) f r o m t h e i r p r e v i o u s p o s i t i o n was 

n o t e d . T h u s , i f b o t h eyes moved e i t h e r t o t h e l e f t o r t o t h e r i g h t , a 

c o n j u g a t e movement was s c o r e d , and i f one eye moved t o t h e l e f t and t he 

o t h e r t o t h e r i g h t , a n o n - c o n j u g a t e movement was s c o r e d . ^ 

F o o t n o t e ^ Those i n s t a n c e s i n w h i c h one eye moved, and t h e o t h e r 
a p p a r e n t l y d i d n o t , c o u l d not be coun ted as n o n - c o n j u g a t e s h i f t s 
because o f t h e s c o r i n g p r o c e d u r e . I f , f o r examp le , t h e r i g h t eye had 
been s c o r e d as l o o k i n g t o t h e ex t reme r i g h t w i t h i n t h e c e n t r e a r e a , 
and t h e l e f t eye as l o o k i n g t o t h e l e f t w i t h i n t h i s a r e a , and t h e eyes 
t h e n moved c o n j u g a t e l y t o f i x a t e h a l f an i n c h t o t h e l e f t o f t h e / c o n t i n u e d 
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139 eye movements were s c o r e d . Of t h e s e 130 were c o n j u g a t e s h i f t s , 
66 t o t h e l e f t , and 6k t o t h e r i g h t . The r e m a i n i n g 9 were n o n -
c o n j u g a t e movements, k o f t h e s e were i n s t a n c e s i n w h i c h t h e eyes 
moved o u t w a r d s ( i , e , , t h e l e f t eye s h i f t e d t o t h e l e f t , and t h e r i g h t 
eye t o t h e r i g h t ) ; t h e o t h e r 5 were movements i n w a r d . 

The s m a l l number o f eye movements r e c o r d e d i n t h i s manner i s 

p o s s i b l y a consequence o f t h e s u b j e c t s ' a t t e n t i o n t o t h e s t i m u l u s . 

I n k e e p i n g w i t h o t h e r r e p o r t s ( i , e , , S t e c h l e r and L a t z , 1966, p52'+) , 

t h e a u t h o r f ound t h a t a t t e n t i v e b e h a v i o u r was o f t e n accompanied by 

a marked r e d u c t i o n o f mo to r a c t i v i t y , and t h e m a i n t e n a n c e , o f t e n f o r 

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

" v i g i l a n c e - l i k e " s t a t e i s o f t e n m a n i f e s t i n t h e f i l m r e c o r d s : t h u s , 

f o r S19» v i e w i n g t h e 10 i n c h s t i m u l u s , 25 s u c c e s s i v e f r a m e s , r e p r e s e n t i n g 

some 12i- seconds ' v i e w i n g t i m e , were sco red i n w h i c h v e r y l i t t l e 

movement o f e i t h e r eye was a p p a r e n t . 

N e v e r t h e l e s s , t h e s e r e s u l t s show t h a t , i n t h i s s i t u a t i o n t h e 

n e o n a t e s ' eyes move c o n j u g a t e l y much more o f t e n t han t h e y do n o n -

c o n j u g a t e l y . 

C o n c l u s i o n s From t h i s e x p e r i m e n t i t i s p o s s i b l e t o draw c o n c l u s i o n s 

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

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

f r o m t h e t a r g e t p o s i t i o n , and a l s o about b i n o c u l a r f i x a t i o n i n t h e 

/ c o n t i n u e d / p r e v i o u s f i x a t i o n p o s i t i o n , t h e l e f t eye would have 
c r o s s e d t h e c e n t r e a rea and wou ld be sco red w i t h i n t h e a rea l i n t o 
t h e l e f t , w h i l s t t h e r i g h t eye wou ld s t i l l be sco red as f i x a t i n g 
w i t h i n t h e c e n t r e a r e a , a l b e i t t h i s t i m e t o t h e l e f t o f t h i s a r e a . No 
i n s t a n c e s were f ound o f one eye a p p a r e n t l y s h i f t i n g f i x a t i o n p o s i t i o n 
t h r o u g h 2 i n and t h e o t h e r eye not m o v i n g . 

I t i s , o f c o u r s e , p o s s i b l e t h a t many eye movements, c o n j u g a t e 
o r o t h e r w i s e , were missed c o m p l e t e l y . I f t h e eyes changed f i x a t i o n 
b y , s a y , i n , t h e y c o u l d have been sco red as f i x a t i n g w i t h i n t h e 
same l i n s t i m u l u s a r e a . To d i v i d e t h e s t i m u l u s f i e l d i n t o s m a l l e r 
t h a n l i n a r e a s , however , wou ld i n t r o d u c e t h e r i s k o f s c o r i n g eye 
movements t h a t had n o t , i n f a c t , o c c u r r e d , because o f i m p r e c i s i o n s 
i n t h e method o f s c o r i n g . 
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newbo rn . 

In t h e 10 i n c h c o n d i t i o n , r e g a r d l e s s o f whe the r t he s t i m u l u s 

was b l i n k i n g o r n o t , o r was i n t h e c e n t r e p o s i t i o n , o r t o t h e l e f t 

o r r i g h t o f c e n t r e , t h e s u b j e c t s ' f i x a t i o n s w i t h b o t h eyes were 

m o s t l y s c o r e d w i t h i n - ] j i n c h e s o f t h e c e n t r e o f t h e s t i m u l u s . 

T h u s , i n most c a s e s , b o t h eyes o f t h e s u b j e c t s were o n - t a r g e t , and 

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

amounts p r e d i c t e d f r o m t h e e x p e r i m e n t s i n w h i c h monocu la r c o n d i t i o n s 

o f v i e w i n g o n l y were a l l o w e d ( e x p e r i m e n t s 3 and 4 ) . S i nce t h e 

a v e r a g e d i v e r g e n c e o f t h e o p t i c axfes ( 9 . 2 2 ° ) , was a l s o c l o s e t o t h a t 

e x p e c t e d ( 8 , 5 ° ) , i t i s a n e c e s s a r y c o n c l u s i o n t h a t t h e bab ies i n 

t h i s e x p e r i m e n t ( w i t h t h e p o s s i b l e e x c e p t i o n s o f Ss 2 and 1 8 ) , 

were f i x a t i n g t h e s t i m u l u s b i f o v e a l l y . 

I n t h e 5 i n c h s t i m u l u s c o n d i t i o n t h e r e was no e v i d e n c e o f 

b i n o c u l a r f i x a t i o n . However, as t h e r e was a l s o no e v i d e n c e t h a t t h e . 

b a b i e s were f i x a t i n g t h e s t i m u l u s , t h e r e s u l t s a r e ambiguous i n 

t h i s c o n t e x t . The h i g h degree o f c o n j u g a t e eye movements found 

(94%) ag rees w i t h p r e v i o u s f i n d i n g s c o n c e r n i n g t h i s v a r i a b l e . 

EXPERIMENT 6 T h i s e x p e r i m e n t was d e s i g n e d t o t e s t f o r conve rgence 

movements o f t h e eyes t o an a p p r o a c h i n g and r e t r e a t i n g s t i m u l u s , A 

c o n c l u s i o n r e s u l t i n g f r o m e x p e r i m e n t s 3 and 4 (Chapter 2 ) , f r o m 

t h e t h e o r e t i c a l c o n s i d e r a t i o n s o f Chap te r 4 , and f r o m e x p e r i m e n t 5 , 

i s t h a t newborn b a b i e s can and do f i x a t e w i t h t h e fovea a n d , when 

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

o f 10 i n c h e s , w i l l do so c o n s i s t e n t l y , i n b o t h monocu la r and b i n o c u l a r 

v i e w i n g c o n d i t i o n s . I f t h e neona te b i n o c u l a r l y f i x a t e s an o b j e c t , 

pe rhaps a t 30 i n c h e s , and t h i s o b j e c t i s moved c l o s e r , t h e image o f 

t h e o b j e c t w i l l , u n l e s s a p p r o p r i a t e ve rgence movements o f t h e eyes 

a r e made, f a l l on n o n - c o r r e s p o n d i n g r e g i o n s o f t h e r e t i n a e and t h u s 
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w i l l , i n t h e absence o f any s p e c i a l p r o v i s i o n t o t h e c o n t r a r y , be 
seen d o u b l e . 

St imu lus The s t i m u l u s was a s i n g l e , w h i t e l i g h t , 1 i n c h i n d i a m e t e r 

and f l a s h i n g a t an o n - o f f r a t e o f k t i m e s per second . The l i g h t was 

c o n n e c t e d t o a p u l l e y s y s t e m , and c o u l d be moved f r o m 30 inches f r o m 

t h e m i d p o i n t between S ' s eyes t o 6 i nches f r o m t h i s m i d p o i n t . When 

10 i n c h e s away,, t h e l i g h t was 2j I nches above t h e c e n t r e o f t h e 

s t i m u l u s f i e l d . The p u l l e y was s l a n t e d so t h a t t h e l i g h t was a l o n g 

a d i r e c t l i n e o f s i g h t f r o m t h e c e n t r e o f S ' s e y e s . F i g u r e 6 ,3 i s ' 

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

t h e l i m i t s o f t h e s t i m u l u s l i g h t ' s t r a v e l s topped t h e movement o f t h e 

s t i m u l u s , and r e a c t i v a t i o n o f t h e sma l l C rouze t m o t o r , connec ted 

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

To move f r o m 30 i nches t o 6 i nches (o r t h e r e v e r s e ) , t o o k 8 seconds . 

The p u l l e y sys tem passed t h r o u g h t h e 3j i n c h d i a m e t e r h o l e i n t he 

a l u m i n i u m s t i m u l u s s c r e e n , and a b l a c k s t i m u l u s panel was p l a c e d i n 

p o s i t i o n , 10 i n c h e s f r o m t h e S ' s e y e s , t o p r e v e n t S f r o m s e e i n g t h e 

camera . The t op p o r t i o n o f t h i s s t i m u l u s pane l was removed so t h a t 

movement o f t h e l i g h t was no t p r e v e n t e d . O t h e r p o r t i o n s o f t h e 

a p p a r a t u s t h a t were v i s i b l e t h r o u g h t h e h o l e i n t he s t i m u l u s pane l 

were e i t h e r p a i n t e d b l a c k , o r cove red w i t h a b l a c k c l o t h , t h e 

i n t e n t i o n b e i n g t o make t h e l i g h t t h e o n l y o b v i o u s v i s u a l s t i m u l u s . 

When t h e s t i m u l u s was 6 i nches f r o m t h e S ' s e y e s , p a r t o f i t c o u l d be 

seen a t t h e t o p o f each deve loped f i l m f r a m e . T h i s a c t e d as a m a r k e r , 

and e n a b l e d t h e f i l m t o be sco red w i t h r espec t t o t he d i s t a n c e o f t h e 

s t i m u l u s f r o m t h e S ' s e y e s . 

P r o c e d u r e and s u b j e c t s W i t h S i n p o s i t i o n , t h e camera was s w i t c h e d 

o n , and t he s t i m u l u s a c t i v a t e d . The s t i m u l u s was s t a r t e d a t e i t h e r 



>- ^ 
LU LU 

147 

V 

c 
0) 
E 
1-
(U 
Q. 
X 
0) 

c 
Q) 
E 
(U 
01 
c 
rc 

E 

4 -
O 

c 
o 

E 

o 
00 

VO 

Q) 
1-
3 
D1 



t h e 6 i n c h o r 30 i n c h d i s t a n c e , and t h e f i r s t d i r e c t i o n o f t r a v e l 

was a l t e r n a t e d between Ss , The s t i m u l u s , h a v i n g reached i t s 30 

i n c h o r 6 i n c h d i s t a n c e f r o m S, s t o p p e d , and remained t h e r e f o r k 

s e c o n d s , and i t s d i r e c t i o n o f t r a v e l was t h e n r e v e r s e d . The l i g h t 

was moved back and f o r t h , i n t h i s manner , u n t i l e i t h e r 3 m i n u t e s had 

p a s s e d , o r S t e r m i n a t e d t h e s e s s i o n by c r y i n g o r f u s s i n g . 

S i x b a b i e s were seen . 

R e s u l t s When s i x b a b i e s had been used as Ss t h e e x p e r i m e n t was 

t e r m i n a t e d because o f t h e poor r e s u l t s . Of t h e s i x b a b i e s , o n l y two 

appea red t o f i x a t e t h e s t i m u l u s c o n s i s t e n t l y . For t hese 2 Ss t h e 

o p t i c a l d i v e r g e n c e o f t h e eyes was c a l c u l a t e d f r o m the f i l m o b t a i n e d 

when t h e s t i m u l u s was s t a t i o n a r y , b o t h a t i t s 6 i n c h and 30 i n c h 

d i s t a n c e s . For n e i t h e r S was t h e r e any a p p a r e n t change i n convergence 

a n g l e . For t h e f i r s t S, t h e sco red o p t i c a l d i v e r g e n c e o f each eye 

was 2 , 6 5 ° and 3 . 1 1 ° f o r t h e 6 i n c h and 30 i n c h d i s t a n c e s , r e s p e c t i v e l y . 

The s c o r e d d i v e r g e n c e o f each o f t h e second S ' s eyes was 6 . 9 1 ° and 

6 . 2 2 ° . None o f t h e s i x Ss showed any a p p a r e n t i n d i c a t i o n o f a p p r o p r i a t e 

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

i t s t r a v e l , 

On c e r t a i n t r i a l s i t was n o t i c e d t h a t t h e S sometimes moved h i s 

head backwards when t h e s t i m u l u s l i g h t a p p r o a c h e d . D e t a i l e d reco rds 

were no t made o f t h e f r e q u e n c y o f t h i s phenomenon. 

D i s c u s s i o n An e x p e r i m e n t t h a t i s s i m i l a r i n f o rm t o t h e p r e s e n t one 

was r e p o r t e d by L i n g (19^+2), In her. e x p e r i m e n t s u p i n e bab ies were 

p r e s e n t e d w i t h a b l a c k d i s k , 2 i nches i n d i a m e t e r . The d i s k was 

moved f r o m 36 i nches t o 3 i nches f r o m t h e b r i d g e o f t he S 's nose . 

I t s speed o f movement (2 i n . per sec) was s i m i l a r t o t h e speed o f t he 

s t i m u l u s l i g h t used i n t h e p r e s e n t e x p e r i m e n t ( 3 i n per s e c ) , bu t t h e 

movement o f t h e d i s k was suspended a t t h e f i r s t s i g n t h a t t h e i n f a n t ' s 

r e g a r d was d i v e r t e d , and c o n t i n u e d o n l y when t h e S renewed h i s f i x a t i o n . 
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She used a l o n g i t u d i n a l d e s i g n , and i n f a n t s i n an age range f r o m 

7 m i n u t e s t o 24 weeks were s e e n . 

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

t o compare L i n g ' s f i n d i n g s w i t h t h e few r e s u l t s f r o m t h e p r e s e n t 

s t u d y , and t o c o n s i d e r some o f he r remarks .and c o n c l u s i o n s i n t h e 

l i g h t o f more r e c e n t r e s e a r c h . 

L i k e t he p r e s e n t a u t h o r , she found t h a t no newborn baby made 

a p p r o p r i a t e conve rgence movements t o t h e a p p r o a c h i n g and r e t r e a t i n g 

o b j e c t . She a l s o r e p o r t e d t h a t , as t h e s t i m u l u s d i s k reached i t s 

n e a r e s t p o i n t o f a p p r o a c h , t h e head somet imes moved backward (pp251 

and 2 5 3 ) . T h i s f o r m o f r e s p o n s e , w h i c h i s seen about 2 weeks o f a g e , 

she d e s c r i b e d t h u s : a number o f i n f a n t s a r e r e p e a t e d l y seen 

t e n s i n g t h e t r u n k , s t i f f e n i n g t h e neck , and p r e s s i n g t h e body , 

i n c l u d i n g t h e h e a d , down ha rd a g a i n s t t h e m a t t r e s s , , , as i f t h e y were 

a t t e m p t i n g t o i n c r e a s e t h e d i s t a n c e between t h e d i s k and t h e i r eyes " 

(p255) , A d d i t i o n a l l y , as t h e d i s k a p p r o a c h e d , e s p e c i a l l y d u r i n g t h e 

l a s t f o o t o f i t s d e s c e n t , s u c k i n g movements, a c t i v i t y o f t h e t o n g u e , 

and s w a l l o w i n g o r " c h e w i n g " movements were o f t e n o b s e r v e d , ( p 2 5 l ) , 

w h i c h L i n g i n t e r p r e t e d as perhaps meaning food t o t h e i n f a n t , o r t h e 

deve lopmen t o f an a s s o c i a t i o n " , , , between t h e s t i m u l u s d i s k and 

such b i o l o g i c a l l y s i g n i f i c a n t t h i n g s as f o o d , w a r m t h , and s o c i a l 

i n t e r c o u r s e w i t h a n o t h e r i n d i v i d u a l " (p270 , f o o t n o t e ) . Tha t t h i s 

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

s u g g e s t e d by more r e c e n t r e s e a r c h . 

Bower , B r o u g h t o n , and Moore ( 1 9 7 0 ) , f ound t h a t t h e near app roach 

o f a foam rubbe r o b j e c t caused v i o l e n t upse t t o i n f a n t s aged 6 t o 

20 d a y s . In i t s f u l l f o r m t h e response cons i s t ed o f t h r e e components: 

(1) eyes open w i d e ; (2) t h e head goes back ; (3) b o t h hands come up 

between o b j e c t and f a c e . S i n c e L i n g found a l l t h r e e o f t h e s e components 
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t o t h e near app roach o f her s t i m u l u s d i s k , i t seems c u r i o u s t h a t 
Bower ( 1 9 7 1 ) , f ound t h a t i n f a n t s i n t h e i r second week o f l i f e , more 
t han kO o f them, " d i d not even b l i n k " , when t h e y were p l a c e d on 
t h e i r backs and o b j e c t s o f a w i d e v a r i e t y o f s i z e s , and a w i d e 
v a r i e t y o f speeds , were moved, e i t h e r n o i s i l y o r s i l e n t l y , towards 
t h e m , A ronson and Rosenbloom ( 1 9 7 1 ) , d e m o n s t r a t e d t h a t i n f a n t s 
f r o m 30 t o 55 d a y s , (a younge r age g roup was not t e s t e d ) , c o o r d i n a t e 
v i s i o n and sound t o t h e e x t e n t t h a t g r e a t d i s t r e s s r e s u l t s i f t h e 
m o t h e r ' s v o i c e appea rs t o come f r o m 90° t o l e f t o r r i g h t o f her seen 
p o s i t i o n , A response t h a t accompanied t h i s d i s t r e s s was t h e appearance 
o f " m o u t h i n g o f t h e t o n g u e , " T h i s wou ld seem t o be a s i m i l a r t y p e 
o f response t o t h e mouth movements r e p o r t e d by L i n g d u r i n g t h e l a s t 
f o o t o f t h e s t i m u l u s d i s k ' s a p p r o a c h . I t t h e r e f o r e seems l i k e l y t h a t 
t h e i n f a n t s i n L i n g ' s s t u d y , and t o some e x t e n t i n t h e p r e s e n t e x p e r i m e n t , 
were r e s p o n d i n g t o t h e d i s k ' s app roach w i t h d i s t r e s s r a t h e r than 
p l e a s u r e . 

L i n g r e p o r t e d t h e absence o f b i n o c u l a r f i x a t i o n and convergence 

. movements u n t i l t h e end o f t h e second month o f l i f e , ( range 1 week, 

k days t o 20 w e e k s , 6 d a y s , median 7 weeks , 2 d a y s ) . When convergence 

movements f i r s t o c c u r t h e y a r e c a r r i e d o u t by a s e r i e s o f sma l l 

g l o b u s j e r k s : " A s t h e s t i m u l u s d i s k a p p r o a c h e s , no immedia te a d a p t i v e 

o c u l a r movements a r e o b s e r v e d . Then a s u c c e s s i o n o f spasmodic movemeots 

o f t h e p u p i l s t owa rd each o t h e r a l t e r n a t e w i t h r e l a t i v e l y l ong i n t e r v a l s 

o f o c u l a r i n a c t i v i t y . . . As t h e i n f a n t g r o w s , t h e p rocess o f convergence 

i n response t o t h e a p p r o a c h i n g s t i m u l u s d i s k becomes smoother and 

smoother u n t i l i t o c c u r s , i n a l l a p p e a r a n c e s , as a c o n t i n u o u s p r o c e s s , . . " 

(]9k2, p2k5). 

S i n c e conve rgence movements o f t h e eyes t o a p p r o a c h i n g and r e t r e a t i n g 

o b j e c t s a r e i n t i m a t e l y a s s o c i a t e d w i t h changes i n accommodat ion , i t 
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i s pe rhaps not s u r p r i s i n g t h a t t h e s e movements a r e not e a s i l y obse rved 

i n t h e newborn . When t h e a d u l t changes gaze f r o m a f a r t o a near 

o b j e c t , t h e l i n e s o f s i g h t o f t h e two eyes conve rge t o m a i n t a i n a 

s i n g l e image, t h e l ens o f each eye i n c r e a s e s i t s r e f r a c t i v e power , and 

t h e p u p i l s become s m a l l e r , b r i n g i n g t h e near o b j e c t s h a r p l y i n t o 

f o c u s (A 1 p e r n , L o w e n s t e i n and L o e w e n f e l d , 1962; A1 p e r n , 1969 ) , There 

i s l i t t l e a v a i l a b l e l i t e r a t u r e on v i s u a l accommodat ion i n human 

i n f a n t s (see C h a p t e r l ) , bu t i t wou ld seem l i k e l y , f r om t h e work o f 

Haynes , W h i t e and He ld ( 1 9 6 5 ) , t h a t t h e newborn has o n l y a l i m i t e d 

accommodat i ve c a p a c i t y . I t wou ld a l s o seem l i k e l y t h a t t h e deve lopment 

o f v i s u a l accommodat ion i s i n f l u e n c e d , t o some e x t e n t , by e x p e r i e n t i a l 

v a r i a b l e s . G r e e n b e r g , U z g i r i s and Hunt ( 1 9 6 8 ) , go t t he p a r e n t s o f 

10 i n f a n t s t o hang " s t a b i l e " p a t t e r n s w i t h i n t h e i n f a n t s ' v i e w , 

b e g i n n i n g when t h e y were 5 weeks o f a g e . These i n f a n t s b l i n k e d i n 

response t o t h e d r o p o f a b u l l ' s eye t a r g e t a t younger ave rage ages 

t h a n d i d 10 i n f a n t s whose mo the rs hung n o t h i n g o v e r t h e i r i n f a n t s ' 

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

i s ' , ' . , p resumab ly based upon t h e h a s t e n i n g i n t h e deve lopment o f 

v i s u a l accommodat ion t h r o u g h t h e e x e r c i s e o f l o o k i n g " ( p l 7 2 ) . I t 

seems p r o b a b l e , a l s o , t h a t p r a c t i c e may i n f l u e n c e t h e deve lopment o f 

v e r g e n c e movements. 

The a p p a r e n t i n a b i l i t y o f t h e newborn t o make a p p r o p r i a t e ve rgence 

movements , b o t h i n t h e p r e s e n t e x p e r i m e n t , and i n L i n g ' s e x p e r i m e n t , 

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

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

f a i r l y r a p i d i nwa rd and o u t w a r d movements o f t h e eyes wou ld have had 

t o be made. When t h e neona te i s p r e s e n t e d w i t h a s i m p l e s t i m u l u s a t 

a f i x e d d i s t a n c e , however , t h e r e a r e f ewe r demands on t h e o c u l o m o t o r 

s y s t e m . The f o v e a s o f b o t h eyes may " z o n e i n " , as i t w e r e , on such 

a s t i m u l u s , w h e t h e r i n d e p e n d e n t l y o r o t h e r w i s e , perhaps by a p rocess 

o f t r i a l and e r r o r . A change i n conve rgence a n g l e as t h e s t i m u l u s 
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changes i n d i s t a n c e f r o m t h e eyes may r e s u l t f r om t r i a l and e r r o r 
c o r r e c t i o n s f o r t h e r e s u 1 t i n g d i p l o p i a . 

T h e r e a r e two o t h e r p o s s i b l e reasons why ve rgence movements were 

no t o b s e r v e d i n t h e p r e s e n t e x p e r i m e n t : (1) t h e r e may have been r a p i d 

h a b i t u a t i o n o f t h e v e r g e n c e r e f l e x - h a b i t u a t i o n o f ve rgence movements 

was f o u n d by Hughes (1972) t o o c c u r i n t h e c a t ; (2) t h e s t i m u l u s a t 

t h e near d i s t a n c e (6 i nches f r o m S ' s m i d l i n e ) , may have been t o o c l o s e 

f o r t h e neona te t o accommodate t o i t . 

A s ' i t appeared u n l i k e l y t h a t ve rgence movements t o an a p p r o a c h i n g 

o r r e t r e a t i n g o b j e c t wou ld be made by newborns i n t h e p r e s e n t e x p e r i m e n t , 

and t o a v o i d c a u s i n g p o s s i b l e d i s t r e s s t o t h e s u b j e c t s , no f u r t h e r 

o b s e r v a t i o n s were made. 

EX.PERIMENT 7 In e x p e r i m e n t 5 i t d i d no t p r o v e p o s s i b l e t o o b t a i n 

r e s u l t s f r o m newborns f i x a t i n g a s t i m u l u s b o t h a t 10 inches and 20 

i n c h e s . T h i s e x p e r i m e n t was d e s i g n e d t o c o l l e c t r e s u l t s i n j u s t t h i s , 

s i t u a t i o n . 

S u b j e c t s 25 b a b i e s were s e e n . Of t h e s e , 15 were used as s u b j e c t s , 

8 f e m a l e s and 7 m a l e s , 13 o f whom were f i r s t b o r n . T h e i r ages ranged 

f r o m 22 t o 186 h o u r s , median 155, and t h e i r b i r t h ' w e i g h t s ranged f r o m 

6 l b l 4 o z t o 91b l o z , median 71b 8 o z . 

10 b a b i e s c o u l d no t be used as s u b j e c t s . I n 9 cases t h e r e was 

an i n s u f f i c i e n t number o f s c o r a b l e f r ames : i n 3 o f t h e s e cases t h e f I T m 

was o u t o f f o c u s ; i n 2 o t h e r s t h e b a b i e s were a p p a r e n t l y a s l e e p d u r i n g 

t h e e x p e r i m e n t a l s e s s i o n . For t h e r e m a i n i n g baby t h e f i l m r e c o r d 

r e v e a l e d ex t reme o c u l a r a c t i v i t y , and t h e S gave no i n d i c a t i o n o f 

l o o k i n g w i t h i n t h e s t i m u l u s a r e a . 

S t imu11 The s t i m u l u s a t 10 i nches was s i m i l a r t o t h e a r r a y o f l i g h t s 

used p r e v i o u s l y a t t h i s d i s t a n c e . Each o f 8 s t i m u l u s b u l b s was cove red 
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by a w h i t e p e r s p e x l e n s , j i n c h I n d i a m e t e r , and t he l i g h t s , e q u a l l y 

. s p a c e d , c o v e r e d an a rea 5j x j l n c h . The s t i m u l u s was mounted on one 
o f two s t i m u l u s p a n e l s , and c o u l d be p r e s e n t e d e i t h e r 2 Inches t o t he 
l e f t o f c e n t r e , o r 2 Inches t o t he r i g h t o f c e n t r e . 

The s t i m u l u s a t 20 i nches was the same r e t i n a l Image s i z e ( t o S ) , 

as t h e 10 i n c h s t i m u l u s . E i g h t s t i m u l u s b u l b s , ( s l i g h t l y l a r g e r 

t h a n t h o s e used i n t h e 10 I n c h s t i m u l u s ) , were cove red by 1 I nch 

d i a m e t e r w h i t e pe rspex l e n s e s . The e q u a l l y spaced l i g h t s cove red an 

a rea 1 1 x 1 i n c h . T h i s s t i m u l u s was mounted on one o f two p i eces o f 

l a r g e b l a c k c a r d b o a r d , and each p i e c e was p o s i t i o n e d i m m e d i a t e l y I n 

f r o n t o f t h e camera l e n s , so t h a t t h e s t i m u l u s l i g h t s , w h i c h were 

v e r t i c a l l y p l a c e d e i t h e r 4 i nches t o t h e l e f t , o r 4 Inches t o t he 

r i g h t o f c e n t r e , were 20 Inches ( - 1 i n c h ) f r o m S ' s e y e s . 

The two s e t s o f l i g h t s were s e p a r a t e l y run f r om two l a b p a c k s , 

and t h e l um inance o f each s t i m u l u s l i g h t was 20 f t . L . (measured 

w i t h an S . E . I , e x p o s u r e p h o t o m e t e r ) . A t t h i s l e v e l o f i l l u m i n a t i o n 

a l l t h e l i g h t s appeared y e l l o w i s h i n c o l o u r , r a t h e r than w h i t e , but 

t o an a d u l t a t t h e b a b i e s ' v i e w i n g p o s i t i o n t h e y seemed i d e n t i c a l 

b o t h i n b r i g h t n e s s and c o l o u r . A l t h o u g h t h e 20 Inch s t i m u l u s was 

p r e s e n t e d 4 Inches f r o m c e n t r e , and t h e 10 i n c h s t i m u l u s 2 inches f r om 

c e n t r e , b o t h were t h e same a n g u l a r d e v i a t i o n f r om the m i d p o i n t 

be tween S ' s e y e s . Th roughou t each e x p e r i m e n t a l s e s s i o n t h e 

e x p e r i m e n t a l room was f a i r l y d a r k , and a l l n o n - r e l e v a n t p a r t s o f t h e 

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

were p e r m a n e n t l y o n , 

P r o c e d u r e W i t h S I n p o s i t i o n e i t h e r t he 10 Inch o r t he 20 i n c h 

s t i m u l u s was shown f o r a p p r o x i m a t e l y 30 seconds . The s t i m u l u s p r e s e n t e d 

f i r s t was a l t e r n a t e d between Ss , The s t i m u l u s a t t h e nex t d i s t a n c e 
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was t h e n shown f o r t h e same p e r i o d o f t i m e , and t h i s p rocedu re was 

r e p e a t e d . T h u s , most o f t h e Ss were shown each s t i m u l u s t w i c e . 3 

Ss were shown t h e 20 I n c h s t i m u l u s once a g a i n b e f o r e the e x p e r i m e n t a l 

s e s s i o n t e r m i n a t e d , and f o r 3 Ss (Ss 1 , 4 and 7 ) , who began f u s s i n g 

d u r i n g t h e second s t i m u l u s t r i a l , t h e p r o c e d u r e c o u l d not be 

c o m p l e t e d . For t h e s e 3 Ss r e s u l t s a r e a v a i l a b l e a t one s t i m u l u s 

d i s t a n c e o n l y . For t h e r e m a i n i n g Ss r e s u l t s f r om the t r i a l s a t 

10 I nches were a n a l y z e d t o g e t h e r , as were t h e r e s u l t s f o r t h e 20 

i n c h t r i a l s . 

For t h e f i r s t 6 Ss f r o m whom r e s u l t s were o b t a i n e d i n b o t h 

s t i m u l u s c o n d i t i o n s , t h e 10 I n c h s t i m u l u s was shown 2 i nches t o t h e 

l e f t o f c e n t r e , and t h e 20 i n c h s t i m u l u s , k i nches t o t h e r i g h t . To 

b a l a n c e t h e e x p e r i m e n t a l d e s i g n t h e r e m a i n i n g 6 Ss were shown the 

10 i n c h s t i m u l u s t o t h e r i g h t , and t h e 20 i n c h s t i m u l u s t o t h e l e f t , 

S c o r l n q The s c o r i n g p r o c e d u r e was d e t a i l e d above . I n t h e 20 Inch 

c o n d i t i o n t h e l i n e s o f s i g h t o f each e y e , ( I f t h e S i s v i e w i n g t h e 

s t i m u l u s b i f o v e a l l y ) , w i l l pass s l i g h t l y t o t h e l e f t and r i g h t o f 

t h e c e n t r e o f t h e a rea 2 i nches ( e i t h e r t o t h e r i g h t o r l e f t ) , f r o m 

c e n t r e a t t h e 10 i n c h d i s t a n c e . T h u s , s c o r i n g o f t he da ta f r o m t h e 

20 i n c h s t i m u l u s , p r e s e n t e d k i n ches t o t h e l e f t o f c e n t r e , was 

c a r r i e d ou t as I f S had been p r e s e n t e d a s t i m u l u s a t 10 I n c h e s , 2 

I n c h e s t o t h e l e f t , ( o r t o t h e r i g h t , when t h e 20 i n c h s t i m u l u s was 

t o t h e r i g h t ) . 

R e s u l t s 

A v e r a g e l o c a t i o n o f t h e eyes The ave rage l o c a t i o n o f each o f t h e Ss' 

e y e s . I n each s t i m u l u s c o n d i t i o n , i s shown i n t a b l e 6 . 3 . I f t h e 

eyes were sco red o n - t a r g e t t h e ave rage l o c a t i o n o f each eye wou ld have 

been 2 i nches f r o m c e n t r e I n a l l s t i m u l u s c o n d i t i o n s . A l l f i g u r e s 

a r e g i v e n i n I n c h e s ' , d i s p l a c e m e n t , and a v a l u e o f l e s s t han 2 .0 
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S u b j e c t 

S t i m u l u s 

LE RE 
S c o r e d 
f r a m e s 

20' 

LE 

' S t i mu 1 u s 

S c o r e d 
f r a m e s 

1 - - - 1.7 3 . 1 ( 3 9 ) 

2 2 . 0 1.1 ( 2 5 ) 1.3 1 .6 ( 4 4 ) 

. 3 1 .8 2 . 1 ( 4 9 ) 1 .5 2 . 7 ( 3 0 ) 

2 . 2 2 . 2 ( 3 9 ) - - -
5 2A 2 . 3 ( 2 5 ) 1 .8 1 . 9 ( 5 9 ) 

6 2 . 1 2 . 0 ( 1 7 ) 1 . 4 1 .8 ( 3 4 ) 

7 1 .8 2 . 7 ( 3 5 ) - - -
8 1 .4 • 1 . 8 (1:7) ,. 1 . 9 2 . 7 ( 5 2 ) 

9 2 . 6 1 .5 ( 4 9 ) 2 . 6 2 . 2 ( 3 7 ) 

10 2 . 1 2 . 2 ( 3 9 ) 1 .6 2 . 3 ( 3 3 ) 

11 2 . 2 0 . 9 ( 5 2 ) 1 . 4 1.7 ( 8 1 ) 

12 2 . 1 2 . 8 ( 5 3 ) 1 .4 2 . 8 ( 3 2 ) 

13 1 .9 2 . 3 ' ( 1 9 ) 2 . 6 3 . 1 ( 1 4 ) 

14 2 . 0 1 .7 ( 2 6 ) 1 .5 2 . 2 ( 2 1 ) 

15 2 . 6 1 .5 ( ^ 0 ) . 2 . 3 1 .8 ( 3 7 ) 

T o t a l s ( 4 8 5 ) ( 5 1 3 ) 

A v e r a g e s 
( N = l i t ) 2 . 0 9 1 . 9 4 

( N = 1 3 ) 
1 .77 2 . 3 0 
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I n d i c a t e s t h a t t h e e y e s c o r e d w a s , o n a v e r a g e , s c o r e d as f i x a t i n g 
t o t h e l e f t o f t h e c e n t r e o f t h e s t i m u l u s . V a l u e s g r e a t e r t h a n 2 . 0 
a r e s c o r e d f i x a t i o n s t o t h e r i g h t . O n l y i n 3 c a s e s , ( t h e r i g h t e y e 
o f S l l i n t h e 10 i n c h s t i m u l u s c o n d i t i o n , a n d t h e r i g h t e y e s o f Ss 
1 a n d 13 i n t h e 20 i n c h c o n d i t i o n ) , d o t h e s c o r e d f i x a t i o n s p e a k 
s l i g h t l y m o r e t h a n 1 i n c h f r o m t h e c e n t r e o f t h e s t i m u l u s . 

On a v e r a g e , i n t h e 10 i n c h c o n d i t i o n , t h e l e f t e y e s w e r e s c o r e d 

a s b e i n g 0 , 0 9 i n c h e s t o t h e r i g h t , a n d t h e r i g h t e y e s 0 , 0 6 i n c h e s t o 

t h e l e f t , o f t h e c e n t r e o f t h e s t i m u l u s , i n t h e 20 i n c h c o n d i t i o n t h e 

l e f t e y e s w e r e s c o r e d a s b e i n g 0 . 2 3 i n c h e s t o t h e l e f t , a n d t h e r i g h t 

e y e s 0 , 3 0 i n c h e s t o t h e r i g h t . T h e n u m b e r o f s c o r e d f r a m e s , f o r 

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

a p p r o p r i a t e c o l u m n s . T h e l e f t e y e s i n t h e 10 i n c h c o n d i t i o n w e r e 

o n - t a r g e t ( i , e , , s c o r e d a s b e i n g w i t h i n ^ i n c h f r o m t h e c e n t r e o f 

t h e J i n c h w i d e s t i m u l u s ) , 5 8 % o f t h e t i m e ( 2 7 9 o f t h e k85 s c o r e d 

f r a m e s ) , a n d t h e r i g h t e y e s w e r e o n - t a r g e t 4 2 % o f t h e t i m e (202 

f r a m e s ) , i n t h e 20 i n c h c o n d i t i o n , t h e l e f t e y e s w e r e o n - t a r g e t 

W/o o f t h e t i m e ( 2 2 8 o f t h e 513 s c o r e d f r a m e s ) , a n d t h e r i g h t e y e s 

w e r e o n - t a r g e t 38% o f t h e t i m e ( 1 9 7 f r a m e s ) . 

T h e s e r e s u l t s i n d i c a t e t h a t t h e Ss w e r e l o o k i n g a t t h e s t i m u l u s 

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

o f t h e i n f a n t s ' f i x a t i o n s i s c l e a r f r o m t h e f i x a t i o n r e c o r d s shown 

i n F i g u r e G.k. H e r e , e a c h d o t s h o w s t h e d e r i v e d p o s i t i o n o f t h e 

c e n t r e o f t h e p u p i l w i t h i n t h e m a r k e r l i g h t s f o r e a c h S f r o m whom 

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

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

m a r k e r l i g h t s a r e n o t shown i n t h i s F i g u r e ; h o w e v e r , t h e v e r t i c a l l i n e s 

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

Ss w h o s e f i x a t i o n r e c o r d s a r e s h o w n I n c o l u m n s A and B t h e 10 i n c h 
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s t i m u l u s was p r e s e n t e d t o t h e l e f t o f c e n t r e , a n d t h e 20 i n c h 

s t i m u l u s t o t h e r i g h t . F o r Ss 10 t h r o u g h 15 . ( c o l u m n s C a n d D) , 

t h e 10 i n c h s t i m u l u s was t o t h e r i g h t , a n d t h e 20 i n c h s t i m u l u s t o 

t h e l e f t . 

F r o m F i g u r e 3 . 7 i t c a n be s e e n t h a t f i x a t i o n s o f t h e r i g h t e y e 

o n a t a r g e t 2 i n c h e s t o t h e l e f t o f c e n t r e s h o u l d be s c o r e d as 

b e i n g s l i g h t l y t o t h e r i g h t ( a n a v e r a g e a m o u n t o f 0.6k i n c h e s ) , 

o f t h e t a r g e t ; f i x a t i o n s o n a t a r g e t 2 i n c h e s t o t h e r i g h t o f c e n t r e 

s h o u l d be d i s p l a c e d a n a v e r a g e a m o u n t o f 2 . 3 6 i n c h e s t o t h e r i g h t o f 

t h e i n f e r r e d p o s i t i o n o f t h e t a r g e t . I t i s , i n f a c t , a p p a r e n t i n 

F i g u r e G.k t h a t t h e s c o r e d p u p i l c e n t r e p o s i t i o n s i n c o l u m n s B a n d 

C a r e , o n a v e r a g e , f a r t h e r t o t h e r i g h t o f t h e s t i m u l u s t h a n t h o s e 

i n c o l u m n s A a n d D, ( T h i s e x p e c t e d d i s p l a c e m e n t was t a k e n i n t o 

a c c o u n t i n p r e s e n t i n g t h e a v e r a g e l o c a t i o n o f f i x a t i o n s i n t a b l e 6 . 3 ) . ' ' 

D i v e r g e n c e o f t h e o p t i c a x i s T h e a v e r a g e s c o r e d d i v e r g e n c e o f t h e 

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

whom r e s u l t s w e r e o b t a i n e d i n b o t h c o n d i t i o n s , i s shown i n t a b l e S.k. 

When t h e e x p e r i m e n t had b e e n c o m p l e t e d , s e v e n S s ' f i l m r e c o r d s 

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

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

t h e r e a n a l y z e d d a t a a r e g i v e n i n p a r e n t h e s e s . I n e a c h c a s e , t h i s 

d i v e r g e n c e was w i t h i n 1 ° o f i t s o r i g i n a l l y s c o r e d v a l u e . 

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

b e t w e e n t h e 10 i n c h a n d 20 i n c h s t i m u l u s c o n d i t i o n s , f o r t h e i n d i v i d u a l 

S s , a r e shown i n t h e l a s t c o l u m n o f t h i s t a b l e . A l l d i f f e r e n c e s a r e 

p o s i t i v e , a n d t h e a v e r a g e i n c r e a s e ( 2 . 6 ° ) , i s c l o s e t o t h e i n c r e a s e 

F o o t n o t e ^ T h e o p t i c d i v e r g e n c e o f e a c h e y e o f t h o s e Ss who v i e w e d t h e 
s t i m u l u s a t o n e d i s t a n c e o n l y i s a s f o l l o w s : S I (20 i n c h c o n d i t i o n ) , 
]k.k°; Sk, 8 , 8 ° , and . S 7 , 1 1 . 6 ° (10 i n c h c o n d i t i o n ) . 
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e x p e c t e d ( 3 . 1 ° ) , i f t h e s e Ss w e r e v i e w i n g b o t h s t i m u l i b i f o v e a l l y . 
T o c o n f I r m t h i s f i n d i n g , M a n n - W h i t n e y U - t e s t s w e r e c a r r i e d o u t o n 
t h e o p t i c a x i s d a t a f o r e a c h o f t h e s e S s , b e t w e e n c o n d i t i o n s . T h e 
i n c r e a s e i n o p t i c a x i s d i v e r g e n c e f o r S13 was s i g n i f i c a n t a t t h e 
. 0 5 l e v e l ( l - t a i l e d ) ; a l l o t h e r c o m p a r i s o n s w e r e s i g n i f i c a n t a t 
p < . 0 1 . 

T h e d a t a p r e s e n t e d i n d i c a t e t h a t t h e n e o n a t e . c a n , a n d d o e s , 

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

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

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

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

i n d i v i d u a l Ss a t a p a r t i c u l a r d i s t a n c e , i . e . , t h e r e was some f l u c t u a 

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

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

S i n e a c h c o n d i t i o n , i s g i v e n i n t a b l e 6.k. None o f t h e s e s t a n d a r d 

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

a r e t h e s o u r c e o f s o m e , b u t n o t a l l , o f t h i s v a r i a n c e . The s c o r i n g 

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

i . e . , w h e n S c h a n g e s t h e d i v e r g e n c e o f t h e o p t i c a x e s by 2 ° p e r e y e 

t h e s c o r e d c h a n g e w i l l be 2 + (2 x 0 , ^ 3 ) ° = 2 , 8 6 ° , I t seems l i k e l y 

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

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

a r e a ) , a l l o w s f o r some d i v e r g e n c e a n d u n d e r - c o n v e r g e n c e o f t h e e y e s 

b e f o r e d i p l o p i a s e t s i n a n d i s c o r r e c t e d f o r . T h u s , some s l i g h t 

I n d e p e n d e n t " w a v e r i n g " o f t h e e y e s a r o u n d t h e mean c o n v e r g e n c e a n g l e 

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

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

r e m a i n ) . 

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



161 
n e o n a t e s w e r e f i x a t i n g t h e s t i m u l i b i f o v e a l l y . I n t h e n e x t e x p e r i m e n t 

n e o n a t e s ' a b i l i t y a n d / o r d e s i r e t o c o n v e r g e t o s t i m u l i a t d i f f e r e n t 

d i s t a n c e s was f u r t h e r I n v e s t i g a t e d , 

EXPERIMENT 8 I n t h i s e x p e r i m e n t r e s u l t s w e r e t a k e n f r o m n e w b o r n s 

p r e s e n t e d w i t h s t i m u l i a t 5 i n c h e s a n d a t 10 i n c h e s . T h e e x p e r i m e n t 

I s , e s s e n t i a l l y , a p a r t i a l r e p l i c a t i o n o f e x p e r i m e n t 5 , b u t w i t h t h e 

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

S u b j e c t s " ' 19 b a b i e s w e r e s e e n . O f t h e s e , 11 w e r e u s e d as s u b j e c t s , 

4 f e m a l e s a n d 7 m a l e s , 9 o f whom w e r e f i r s t b o r n . T h e i r a g e s r a n g e d 

f r o m 18 t o 193 h o u r s , m e d i a n 1 6 3 , a n d t h e i r b i r t h w e i g h t s r a n g e d 

f r o m 5 1 b l l o z t o 8 1 b l 4 o z , m e d i a n 7 1 b 2 o z , 

8 b a b i e s c o u l d n o t be u s e d a s S s : i n 3 c a s e s t h e r e was a n 

i n s u f f i c i e n t n u m b e r o f s c o r a b l e f r a m e s ( 1 4 ) i n b o t h s t i m u l u s c o n d i t i o n s ; 

i n 5 c a s e s t h e r e c o r d s r e v e a l e d e x t r e m e o c u l a r a c t i v i t y , a n d t h e Ss 

g a v e no i n d i c a t i o n o f l o o k i n g w i t h i n t h e s t i m u l u s a r e a , ( o n e o f t h e s e 

Ss w a s s i c k d u r i n g t h e e x p e r i m e n t a l s e s s i o n ) . 

S t i m u 1 i T h e s t i m u l u s a t 10 i n c h e s was t h e a r r a y o f l i g h t s u s e d I n 

e x p e r i m e n t 7 . T h i s s t i m u l u s was a l w a y s p r e s e n t e d 2 i n c h e s t o t h e 

r i g h t o f c e n t r e . 

T h e s t i m u l u s p r e s e n t e d a t t h e 5 I n c h v i e w i n g d i s t a n c e was a 

v e r t i c a l a r r a y o f 8 s m a l l b u l b s . A s t r i p o f w h i t e p a p e r was p a i n t e d 

m a t t b l a c k , w i t h t h e e x c e p t i o n o f a n a r e a , 2 - j j _ x I n c h e s , w h i c h 

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

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

b a c k a n d g l u e d t o t h e s i d e s o f t h e b u l b s . T h i s s t i m u l u s was a t t a c h e d 

t o t h e v e r t i c a l p o r t i o n o f a T - s h a p e d p i e c e o f p e r s p e x , w h i c h was 

p a i n t e d m a t t b l a c k . T h e h o r i z o n t a l c o m p o n e n t o f t h i s p i e c e o f p e r s p e x 

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

p r e s e n t e d , so t h a t t h e s t i m u l u s was 5 I n c h e s f r o m t h e m i d p o i n t b e t w e e n 
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S ' s e y e s , a n d I n a c e n t r a l p o s i t i o n . When t h e 5 i n c h s t i m u l u s was 
s h o w n , t h e s t i m u l u s p a n e l c o n t a i n i n g t h e 10 I n c h s t i m u l u s was m o v e d , 
a n d a p l a i n , b l a c k p a n e l s u b s t i t u t e d . 

T h a t t h e 5 i n c h s t i m u l u s was i n t h e c o r r e c t p o s i t i o n was I n d i c a t e d 

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

e a c h S h a d t o be a c c u r a t e l y h e l d i n p o s i t i o n so t h a t t h e e y e s w e r e 

v i s i b l e t o e i t h e r s i d e o f t h i s b l a n k a r e a . 

P r o c e d u r e and s c o r i n g T h e p r o c e d u r e was s i m i l a r t o t h a t d e s c r i b e d 

i n e x p e r i m e n t 6 . T h e s t i m u l u s s h o w n f i r s t ( e i t h e r a t 5 i n c h e s , o r 

a t 10 i n c h e s ) , was a l t e r n a t e d b e t w e e n Ss a n d , when c o n d i t i o n s a l l o w e d , 

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

a p p r o x i m a t e l y 30 s e c o n d s e a c h p r e s e n t a t i o n . I n 3 c a s e s t h e f i r s t -

p r e s e n t e d s t i m u l u s was shown a t h i r d t i m e , a n d i n 2 c a s e s t h e 

e x p e r i m e n t a l s e s s i o n was t e r m i n a t e d by S a f t e r t h r e e s t i m u l u s p r e s e n t a 

t i o n s . 

No S ' s f i l m r e c o r d was s c o r e d u n l e s s t h e r e was a s u f f i c i e n t 

n u m b e r o f s c o r a b l e f r a m e s i n b o t h t h e 5 i n c h a n d 10 I n c h s t i m u l u s 

c o n d i t i o n s . T h u s , f o r a l l t h e 11 Ss u s e d , a c o m p a r i s o n o f f i x a t i o n s 

b e t w e e n t h e t w o c o n d i t i o n s i s p o s s i b l e . F o r e a c h S , t h e r e s u l t s a t 

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

T h e m e t h o d o f s c o r i n g a d o p t e d f o r t h e r e s u l t s f r o m t h e 10 i n c h 

c o n d i t i o n was t h e same a s t h a t d e s c r i b e d e a r l i e r . F o r t h e r e s u l t s 

f r o m t h e 5 i n c h c o n d i t i o n t h e a v e r a g e l o c a t i o n o f e a c h e y e was d e r i v e d 

i n a s l i g h t l y d i f f e r e n t m a n n e r . S i n c e t h i s s t i m u l u s was 5 i n c h e s 

a w a y f r o m t h e m i d p o i n t b e t w e e n S ' s e y e s , w h e n f i x a t i n g t h e s t i m u l u s 

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

c e n t r e , a t t h e 10 i n c h s c o r i n g d i s t a n c e , a n d t h e l i n e o f s i g h t o f t h e 

r i g h t e y e w o u l d p a s s t h r o u g h a p o i n t ~ ^ I n c h e s t o t h e l e f t o f c e n t r e . 

T o a l l o w f o r t h i s , t h e v e r t i c a l 1 I n c h a r e a s o n t h e p h o t o g r a p h i c 
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t r a n s p a r e n c i e s (D a n d E o f F i g . 6 . 1 ) , w h i c h w e r e u s e d t o d e r i v e t h e 

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

— i n c h i n t h e a p p r o p r i a t e ( a n d o p p o s i t e ) d i r e c t i o n s f o r e a c h e y e . 

R e s u l t s 

A v e r a g e l o c a t i o n o f t h e e y e s T h e a v e r a g e l o c a t i o n o f t h e S s ' e y e s , 

i n b o t h s t i m u l u s c o n d i t i o n s , i s g i v e n i n t a b l e 6 . 5 , w h i c h , i n p r e s e n t i n g 

t h e d a t a f o r t h e 10 i n c h c o n d i t i o n , i s s i m i l a r t o t a b l e 6 , 3 o f 

e x p e r i m e n t 7 . O n l y i n t w o c a s e s ( t h e l e f t a n d r i g h t e y e s o f S 6 , 

s t a r r e d i n t h e t a b l e ) , d o t h e f i x a t i o n s p e a k m o r e t h a n 1 i n c h ( i . e . , 

m o r e t h a n 5 . 7 ° ) , f r o m t h e c e n t r e o f t h e s t i m u l u s . On a v e r a g e , i n t h e 

10 i n c h c o n d i t i o n , t h e l e f t e y e s w e r e s c o r e d a s b e i n g 0 . 0 1 i n c h e s 

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

w e r e s c o r e d a s b e i n g 0 . 2 i n c h e s t o t h e r i g h t o f t h e s t i m u l u s c e n t r e . 

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

5 a n d 7 , a n d a r e a f u r t h e r i n d i c a t i o n t h a t n e w b o r n b a b i e s w i l l 

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

F o r t h e s t i m u l u s p r e s e n t e d a t a d i s t a n c e o f 5 i n c h e s , h o w e v e r , 

t h i s i s n o t t h e c a s e . I f t h e Ss had b e e n f i x a t i n g t h e s t i m u l u s 

b i f o v e a l l y t h e a v e r a g e s c o r e d l o c a t i o n f o r e a c h e y e w o u l d be 0 i n c h e s . 

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

5 i n c h d a t a , i n d i c a t e t h a t t h e e y e was s c o r e d a s l o o k i n g t o t h e l e f t 

by t h a t a m o u n t o f i n c h e s a t a 10 i n c h d i s t a n c e ( p o s i t i v e v a l u e s i n 

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

t he s t i mu 1 u s ) . 

8 
F o o t n o t e T h e n a t u r e o f t h e s c o r i n g means t h a t , f o r . t h e 5 i n c h d a t a , 
a v a l u e g i v e n i n t h i s t a b l e i n d i c a t e s f i x a t i o n s t o t h e r i g h t o r l e f t 
o f t h e s t i m u l u s , by t h a t a m o u n t o f i n c h e s a t a 10 i n c h e y e - t o - t a r g e t 
d i s t a n c e . A s c o r e d d i s p l a c e m e n t o f 1 i n c h t o t h e l e f t means t h a t t h e 
S ' s e y e w a s , i n f a c t , f i x a t i n g o n a v e r a g e , j i n c h t o t h e l e f t a t t h e 
5 i n c h d i s t a n c e , b u t was t h e same a n g u l a r d e v i a t i o n f r o m t a r g e t as a 
s c o r e d d i s p l a c e m e n t o f 1 i n c h t o t h e l e f t i n t h e 10 i n c h c o n d i t i o n . 

T o p e r m i t a m o r e d i r e c t c o m p a r i s o n o f t h e r e s u l t s f r o m t h e t w o 
c o n d i t i o n s , t h e v a l u e s f o r t h e 5 i n c h c o n d i t i o n h a v e n o t b e e n h a l v e d . 



TABLE 6 . 5 

A v e r a g e l o c a t i o n o f f i x a t i o n s , , ^ f o r b o t h 
s t i m u l u s c o n d i t i o n s , e x p e r i m e n t 8 
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5 " S t i mu 1 u s 1 0 " S t i m u l u s 

S u b j e c t LE RE ^ " ° ^ ^ ^ 
f r a m e s 

LE RE 
S c o r e d 
f r a m e s 

1 0 . 5 9 0 . 4 1 ( 3 2 ) 2 . 9 2 . 0 7 ( 3 0 ) 

2 - 0 . 3 3 1.44-v ( 2 7 ) 1 . 9 5 2 . 2 4 ( 3 8 ) 

3 -3 .2^v - 0 . 1 3 ( 1 5 ) 2 . 2 1 2 . 2 4 ( 3 3 ) 

4 - 0 . 6 7 0 . 6 9 ( 5 1 ) 2 . 6 5 2 . 1 m 
5 - 1 . 0 2 ' V 1,02'V ( 6 6 ) 1 . 2 5 2 . 1 ( 5 9 ) 

6 '2.m \ .-iy< ( 3 9 ) 0.95^'^3.05^v ( 3 9 ) 

7 -1.53^"^ 0 . 3 7 ( 1 9 ) 2 . 0 5 1 . 3 4 ( 5 9 ) 

8 - 1 . 0 4 - v 1.32'V ( 2 8 ) 1 . 6 9 2 . 4 6 ( 2 6 ) 

9 - 2 .29 - ' ^ 0 . 6 4 ( 6 6 ) 1 . 9 6 2 . 2 3 ( 2 6 ) 

10 - 2 . 2 3 ' ^ 0 . 1 8 ( 6 0 ) 2 . 1 2 . 6 5 ( 6 9 ) 

11 - 0 , 3 4 1.14'V ( 3 5 ) 2 . 1 5 1 .73 ( 3 3 ) 

T o t a l s ( ^ 3 8 ) ( 4 5 2 ) 

A v e r a g e - 1 . 3 6 0 . 7 6 1 . 9 9 2 . 2 0 
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I n 12 c a s e s ( s t a r r e d i n t h e t a b l e ) , t h e l i n e o f s i g h t o f t h e e y e 

c o n c e r n e d was d i s p l a c e d , o n a v e r a g e , by m o r e t h a n 1 i n c h f r o m t h e 
s t i m u l u s a t t h e 10 i n c h s c o r i n g d i s t a n c e ( d i s p l a c e m e n t o f g r e a t e r t h a n 
5 . 7 ° ) . F o r 8 o f t h e 11 Ss i n t h e 5 i n c h c o n d i t i o n a t l e a s t o n e e y e 
was s c o r e d a s b e i n g o n - t a r g e t , b u t i n o n l y 2 c a s e s (Ss 1 a n d 4 ) , 
w e r e b o t h o f t h e S s ' e y e s so s c o r e d . T h e a v e r a g e d i s p l a c e m e n t s s c o r e d . 
w e r e 1 , 3 6 i n c h e s t o t h e l e f t , a n d 0 . 7 6 i n c h e s t o t h e r i g h t , f o r t h e 
l e f t a n d r i g h t e y e s , r e s p e c t i v e l y . 

T h e l e f t e y e s i n t h e 10 i n c h c o n d i t i o n w e r e o n - t a r g e t 57% o f 

t h e t i m e ( 2 5 9 o f 4 5 9 s c o r e d f r a m e s ) , a n d t h e r i g h t e y e s w e r e o n - t a r g e t 

4 4 % o f t h e t i m e ( 1 9 9 f r a m e s ) . I n t h e 5 i n c h c o n d i t i o n , t h e l e f t e y e s 

w e r e s c o r e d o n - t a r g e t 2 1 % o f t h e t i m e (90 o f 4 3 8 s c o r e d f r a m e s ) , a n d 

t h e r i g h t e y e s w e r e o n - t a r g e t 34% o f t h e t i m e ( 1 4 8 f r a m e s ) . C l e a r l y , 

t h e r e a r e many f e w e r i n s t a n c e s o f o n - t a r g e t f i x a t i o n s t o t h e 5 i n c h 

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

r a n k s t e s t s ( S i e g e l , 1 9 5 6 , p 7 5 ) , w e r e c a r r i e d o u t , s e p a r a t e l y o n 

t h e l e f t e y e a n d t h e r i g h t e y e d a t a . To a r r i v e a t a v a l u e o f T f o r 

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

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

t h e d i f f e r e n c e b e t w e e n t h e s e t w o v a l u e s was f o u n d . F o r e a c h o f t h e 

11 Ss t h e r e was a g r e a t e r p e r c e n t a g e o f o n - t a r g e t f i x a t i o n s i n t h e 

10 i n c h c o n d i t i o n , (T = 0 ; N = 1 1 ; p , 2 - t a i l e d , < . 0 1 ) . F o r t h e 

r i g h t e y e s , 4 Ss (Ss 1 , 3 , 6 a n d 1 0 ) , had a g r e a t e r p e r c e n t a g e o f 

o n - t a r g e t f i x a t i o n s i n t h e 5 i n c h c o n d i t i o n , a n d an a c c e p t a b l e l e v e l 

o f s i g n i f i c a n c e was n o t r e a c h e d (T = 1 8 ; N = 1 1 ; p , 2 - t a i l e d > . 0 5 ) . 

A f u r t h e r W i l c o x o n t e s t was c a r r i e d o u t o n t h e o v e r a l l d a t a . 

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

p e r c e n t a g e o f o n - t a r g e t f i x a t i o n s was f o u n d f o r e a c h S i n b o t h 

c o n d i t i o n s . O n l y i n o n e c a s e ( S l ) , w e r e b o t h e y e s o n - t a r g e t a g r e a t e r 



p e r c e n t a g e o f t h e t i m e t o t h e 5 i n c h s t i m u l u s , a n d t h e r e s u l t s 

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

s t i m u l u s a t t h e n e a r d i s t a n c e (T = 2 ; N = 1 1 ; p , 2 - t a i l e d < . 0 1 ) . 

T h e s e d a t e a r e e v i d e n c e t h a t t h e n e w b o r n s d i d n o t f i x a t e t h e 

s t i m u l u s a t t h e 5 I n c h d i s t a n c e i n t h e same way t h a t t h e y f i x a t e d 

t h e 10 i n c h s t i m u l u s . 

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

a r e s h o w n I n F i g u r e 6 . 5 . T h i s F i g u r e I s s i m i l a r t o F i g u r e 6 . 4 I n 

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

t o t h e s t i m u l u s p o s i t i o n w i t h i n t h e m a r k e r l i g h t s . A s t h e n e o n a t e s 

w e r e f i x a t i n g b i n o c u l a r l y t h e 10 i n c h s t i m u l u s , d a t a f o r t h e r i g h t 

e y e o n l y a r e shown f o r t h i s c o n d i t i o n . F o r t h e 5 i n c h d a t a t h e 

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

r i g h t e y e s f o r e a c h S , T h e v e r t i c a l l i n e i n e a c h p a r t o f t h i s 

F i g u r e shows t h e p o s i t i o n o f t h e s t i m u l u s : f o r t h e 5 I n c h r e c o r d s t he . 

s t i m u l u s p o s i t i o n i s ^ I n c h e s t o t h e l e f t o f c e n t r e f o r t h e r i g h t 

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

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

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

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

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

f o r e a c h S , ' 

T h e d a t a f o r t h e 5 i n c h c o n d i t i o n a r e m o r e d i f f i c u l t t o i n t e r p r e t . 

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

t h e r e w o u l d be a c l u s t e r i n g o f f i x a t i o n s some 1.2 i n c h e s t o t h e r i g h t 

o f t h e s t i m u l u s ( f o r t h e r i g h t e y e d a t a ) , i f t h e r i g h t e y e w e r e t h e 

v i e w i n g e y e , o r 1.2 i n c h e s t o t h e l e f t o f t h e s t i m u l u s , f o r t h e l e f t 

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

show c l e a r e v i d e n c e o f m o n o c u l a r f i x a t i o n , Ss 3 . 9 a n d 10 show a 
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t i g h t g r o u p i n g o f f i x a t i o n s t o t h e r i g h t o f t h e t a r g e t w i t h t h e r i g h t 

e y e , a n d i t seems p r o b a b l e t h a t t h e s e Ss w e r e f i x a t i n g t h e s t i m u l u s 

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

f r o m t h e r i g h t e y e s a r e e v i d e n t f o r t h e l e f t e y e s o f t h e s e S s , b u t 

a r e d i s p l a c e d c o n s i d e r a b l y t o t h e l e f t o f t h e s t i m u l u s . F o r S 7 , 

t h e r i g h t e y e was s c o r e d , o n a v e r a g e , , 0 3 7 i n c h e s t o t h e r i g h t 

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

h a v e b e e n f i x a t i n g m o n o c u l a r l y w i t h t h e r i g h t e y e . T h e f i x a t i o n 

r e c o r d s , a n d t h e a v e r a g e s c o r e d l o c a t i o n o f t h e e y e s , o f Ss 2 a n d 1 1 , 

a l l o w o f t h e p o s s i b i 1 i t y t h a t t h e s e Ss w e r e a l s o f i x a t i n g t h e s t i m u l u s 

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

T h e s c o r e d f i x a t i o n r e c o r d s f o r Ss 4 , 5 , 6 a n d 8 , do n o t a p p e a r 

t o i n d i c a t e t h a t t h e s e Ss w e r e " c a p t u r e d " by t h e s t i m u l u s . F o r t h e 

r e m a i n i n g S ( S l ) , t h e r e i s a p o s s i b i 1 i t y o f b i n o c u l a r f i x a t i o n o f t h e 

t a r g e t . 

D i v e r g e n c e o f t h e o p t i c a x e s T h e a v e r a g e d i v e r g e n c e o f t h e o p t i c 

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

d e v i a t i o n o f t h e s c o r e d d i v e r g e n c e , a r e shown i n t a b l e 6 . 6 , w h i c h i s 

s i m i l a r i n c o n s t r u c t i o n t o t a b l e 6 , 4 . T h e a v e r a g e d i v e r g e n c e i n t h e 

10 i n c h c o n d i t i o n was 9 . 3 3 ° , w h i c h a g a i n i s c l e a r e v i d e n c e o f b i n o c u l a r 

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

S 6 , f o r whom t h e a v e r a g e s c o r e d d i v e r g e n c e was 1 7 . 0 1 ° f o r e a c h e y e . 

L i k e S2 o f e x p e r i m e n t 5 , i t i s p o s s i b l e t h a t t h i s S ' s e y e s w e r e f i x a t i n g 

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

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

I f b i f o v e a l f i x a t i o n h a d b e e n p r e s e n t t o t h e 5 i n c h s t i m u l u s , 

t h e s c o r e d o p t i c a x i s d i v e r g e n c e s h o u l d h a v e b e e n 6 . 0 ° l e s s t o t h e 

5 i n c h s t i m u l u s t h a n t o t h e 10 i n c h s t i m u l u s . I n f a c t , i n a l l b u t 

t w o c a s e s ( S s l a n d 5 ) , t h e s c o r e d d i v e r g e n c e was g r e a t e r i n t h e 5 i n c h 



TABLE 6 . 6 

S c o r e d d i v e r g e n c e o f t h e o p t i c a x i s ( i n d e g r e e s ) , 
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4 8 . 5 3 1 .27 6 , 4 8 1 . 3 6 - 2 . 0 5 

5 1 0 . 6 5 2 , 2 2 1 2 . 0 0 1 .62 1 . 3 5 

6 2 0 . 3 8 5 ,08 'V 1 7 . 0 1 2 . 5 6 - 3 . 3 7 

7 1 0 . 6 8 1 , 3 4 5 . 2 2 3 . 5 3 - 5 . 4 6 

8 1 3 . 1 4 2 . 6 9 1 1 . 5 8 3 . 0 1 - 1 . 5 6 

9 1 4 . 2 7 1 . 4 0 9 . 5 0 2 . 6 9 - 4 . 7 7 

10 1 3 . 0 2 2 , 3 7 1 0 . 7 1 1 .67 - 2 . 3 1 

11 8 , 8 8 4 . 1 7 6 . 3 3 2 . 1 7 - 2 . 5 5 

A v e r a g e s 1 1 . 5 9 ° 9 . 3 3 ° - 2 . 2 5 ° 
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c o n d i t i o n . To f i n d w h e t h e r t h e c h a n g e s i n o p t i c a x i s d i v e r g e n c e a r e 

s i g n i f i c a n t l y d i f f e r e n t b e t w e e n . c o n d i t I o n s , M a n n - W h I t n e y U - t e s t s 

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

d e s c r i b e d f o r e x p e r i m e n t 7 . A l l 11 c o m p a r i s o n s g a v e s i g n i f i c a n t 

v a l u e s o f U ( f o r Ss 2 , 5 a n d 8 t h e a s s o c i a t e d p r o b a b i l i t i e s , 2 - t a i l e d , 

< . 0 5 . F o r a l l o t h e r c o m p a r i s o n s , p , 2 - t a I l e d , < . 0 1 ) , a f u r t h e r 

i n d i c a t i o n t h a t t h e s u b j e c t s d i d n o t f i x a t e t h e 5 i n c h s t i m u l u s t h e 

same w a y t h e y d i d t h e s t i m u l u s a t 10 i n c h e s . T h e t w o l a r g e s t 

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

t a b l e 6 . 6 ) a r e f r o m t w o Ss (Ss 6 a n d 11) v i e w i n g t h e 5 i n c h s t i m u l u s -

a f u r t h e r I n d i c a t i o n t h a t t h e s e t w o Ss w e r e n o t f i x a t i n g t h i s s t i m u l u s 

b l n o c u l a r l y . 

D 1 s c u s s l o n I t i s k n o w n t h a t i n f a n t s w i l l s p e n d m o r e t i m e l o o k i n g 

a t s t i m u l i a t some d i s t a n c e s r a t h e r t h a n o t h e r s . M c K e n z i e and Day 

( 1 9 7 2 ) f o u n d a l i n e a r d e c r e a s e I n t h e f i x a t i o n t i m e s o f i n f a n t s 

a g e d f r o m 6 t o 20 w e e k s a s t h e e y e - t o - o b j e c t d i s t a n c e i n c r e a s e d f r o m 

30 t o 9 0 c m . W h i t e , C a s t l e a n d H e l d ( 1 9 6 4 ) , a l s o r e p o r t e d t h a t i n f a n t s 

u n d e r 1 ^ m o n t h s r a r e l y l o o k a t a s t i m u l u s c l o s e r t h a n 7 I n c h e s , a 

f i n d i n g t h e y a t t r i b u t e t o t h e i n f a n t ' s I n a b i l i t y t o a c c o m m o d a t e t o 

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

L i n g ( 1 9 4 2 ) , f o u n d t h a t , w h e n c o n v e r g e n c e m o v e m e n t s t o a n a p p r o a c h i n g 

o b j e c t f i r s t o c c u r r e d , ( a t t h e e n d o f t h e s e c o n d m o n t h ) , a n d " . . . 

w h e n t h e d i s k comes w i t h i n a c l o s e r a n g e ( 3 - 4 i n c h e s ) , n o t i n f r e q u e n t l y 

s t r a b i s m u s s e t s i n - a n o v e r c o m p e n s a t i o n I n a c c o m m o d a t i o n f o r n e a r 

v i s i o n . T h e i n f a n t w i l l t h e n b l i n k v i o l e n t l y t o f r e e h i m s e l f f r o m 

t h i s a p p a r e n t l y h i g h l y u n c o m f o r t a b l e s t a t e " ( p 2 4 5 ) . 

A n a l t e r n a t i v e e x p l a n a t i o n f o r t h e l a c k o f b i f o v e a l f i x a t i o n o f 

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

t o c o n v e r g e c o n s i s t e n t l y ( W I c k e l g r e n , 1 9 6 7 ) . H o w e v e r , e v i d e n c e f r o m 

e x p e r i m e n t 9 , I n t h e n e x t c h a p t e r , s u g g e s t s t h a t n e w b o r n s a r e w e l l 

a b l e ; t o c o n v e r g e t h e i r e y e s , o f t e n a p p e a r i n g e x t r e m e l y " c r o s s - e y e d " . 



T h u s , i t wou ld seem most p r o b a b l e t h a t t h e absence o f convergence t o 

t h e 5 i n c h s t i m u l u s , f ound i n t h i s e x p e r i m e n t , i s a consequence o f an 

i n a b i l i t y t o accommodate. 

On l y i n one i n s t a n c e ( S l ) , was i t l i k e l y t h a t t h e s u b j e c t was 

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

t h e s c o r e d o p t i c a x i s d i v e r g e n c e between c o n d i t i o n s ( 3 . 2 4 ° ) , i s o n l y 

a b o u t h a l f t h a t e x p e c t e d ( 6 . 0 ° ) . Th ree p o s s i b l e ( a l b e i t somewhat 

s p e c u l a t i v e ) e x p l a n a t i o n s sugges t t hemse lves f o r t h e f a i l u r e t o f i n d 

t h e f u l l d i f f e r e n c e i n t h i s S: ( l ) accommodat ive b l u r o f t h e near 

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

o f t h e e y e s ; (2) s i n c e t h e eyes a r e p h y s i c a l l y more conve rgen t t o 

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

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

by an equa l number o f c o n v e r g e n t and d i v e r g e n t eye movements i n t h e 

10 i n c h c o n d i t i o n , t h e sco red ave rages wou ld be c l o s e r t o g e t h e r t han • 

e x p e c t e d ; (3) i f t h e S was w o r k i n g near t he l i m i t s o f h i s accommodat ive 

a b i l i t y , f a t i g u e may o c c a s i o n a l l y se t i n , accompanied by s l i g h t 

d i v e r g e n c e o f t h e e y e s . The f r e q u e n c i e s o f t h e sco red o p t i c a x i s 

d i v e r g e n c e , f o r t h i s S i n t h e two c o n d i t i o n s , a r e shown i n F i g u r e 6 . 6 . 

I t can be seen t h a t , i n t h e 10 i n c h c o n d i t i o n t h e f r e q u e n c y d i s t r i b u t i o n 

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

i n the 5 i n c h c o n d i t i o n sugges t s t h a t , o f t h e t h r e e a l t e r n a t i v e s 

a b o v e , (2) and (3) a r e t h e most p l a u s i b l e . 

The e x p e r i m e n t a l r e s u l t s o f e x p e r i m e n t s 5 , 7 and 8 show t h a t t h e 

neona te i s w e l l a b l e t o f i x a t e b i n o c u l a r l y , g i v e n a s i m p l e s t i m u l u s 

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

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

were v a r i e d i n t h e e x p e r i m e n t s r e p o r t e d i n t h e nex t c h a p t e r . 
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F i g u r e 6 , 6 F requency d i s t r i b u t i o n s o f t h e sco red o p t i c a x i s 
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CHAPTER 7 

BINOCULAR FIXATION IN THE NEWBORN: RESPONSES TO DIFFERENT STIMULI 
r 

I n t h e e x p e r i m e n t s r e p o r t e d i n t h e p r e v i o u s c h a p t e r i t was 

shown t h a t t h e newborn baby w i l l b i n o c u l a r l y f i x a t e a s i m p l e 

s t i m u l u s (a v e r t i c a l a r r a y o f l i g h t s ) , when t h i s s t i m u l u s i s 

p r e s e n t e d a t d i s t a n c e s o f 10 i nches and 20 inches f r o m t h e eyes 

( w i t h t h e r e t i n a l image s i z e and lum inance o f t h e s t i m u l u s h e l d 

c o n s t a n t ) . T h u s , t h r e e o f t h e f o u r c r i t e r i a f o r c o n s i s t e n t 

b i n o c u l a r f i x a t i o n by t h e newborn a r e s a t i s f a c t o r i l y m e t . ' I t may, 

t h e r e f o r e , be assumed t h a t t h e newborn has t h e b a s i c r e q u i r e m e n t s 

f o r b i n o c u l a r v l s i o n . 

The f o u r t h r e q u i r e m e n t i s t h a t newborns w i l l conve rge t o any 

s t i m u l u s t h a t a t t r a c t s t h e i r v i s u a l a t t e n t i o n , so l ong as t h e s t i m u l u s 

i s p r e s e n t e d a r e a s o n a b l e d i s t a n c e f r o m t h e eye ( i . e . , p resumab ly 

f a r t h e r t han a p p r o x i m a t e l y 7 i n c h e s ) . 

I n two o f t h e e x p e r i m e n t s r e p o r t e d i n t h i s c h a p t e r ( expe r imen ts 

9 and 1 1 ) , s t i m u l u s v a r i a b l e s were m a n i p u l a t e d w h i l s t t h e s t i m u l i 

were p r e s e n t e d a c o n s t a n t d i s t a n c e (10 i n c h e s ) f r o m t h e e y e s . When 

e x p e r i m e n t 9 had ' been c o m p l e t e d i t . was p o s s i b l e t o i n v e s t i g a t e 

b i n o c u l a r f i x a t i o n i n a baby who had been a s u b j e c t i n t h a t e x p e r i m e n t . 

T h i s baby was seen t h r e e more t i m e s , when aged h, 5 and 6 weeks. The 

r e s u l t s f r o m t h i s i n f a n t a r e d e s c r i b e d under expe r imen t 10. 

F o o t n o t e These c r i t e r i a , o r " d e m a n d s " , were o u t l i n e d i n t h e i n t r o 
d u c t i o n t o c h a p t e r 6^ They a r e (1) t h e two eyes a r e o p t i c a l l y 
d i v e r g e n t by some 17 on a v e r a g e , (2) each eye i s o n - t a r g e t when t h e 
e x p e c t e d d i v e r g e n c e o f t h e p u p i l c e n t r e f r o m t h e t a r g e t p o s i t i o n i s 
a l l o w e d f o r , and (3) t h e eyes w i l l be sco red as b e i n g more o p t i c a l l y 
d i v e r g e n t when f i x a t i n g more d i s t a n t t a r g e t s . 
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The a p p a r a t u s , p r o c e d u r e , and s c o r i n g o f t h e f i l m a r e , w i t h 

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

s i m i l a r t o t h o s e d e t a i l e d p r e v i o u s l y . 

EXPERIMENT 9 

Sub j e c t s S u b j e c t s f o r t h e e x p e r i m e n t were 8 newborns . D e t a i l s 

a r e n o t a v a i l a b l e f o r s u b j e c t 1: t h e o t h e r 7 bab ies were 3 fema les 

and k m a l e s , 5 o f whom were f i r s t b o r n . The ages o f t h e s e Ss a t 

t h e t i m e o f e x p e r i m e n t i n g ranged f r o m 26 t o 188 h o u r s , median 68 h o u r s , 

and t h e i r b i r t h w e i g h t s ranged f r o m 51b l 2 o z t o 8 l b 13oz, median 

71b 8 o z . 

Data c o l l e c t e d f r o m 3 o t h e r bab ies c o u l d no t be used as t h e r e 

were n o t 14 s c o r a b l e f rames i n any s t i m u l u s c o n d i t i o n . 

S t i m u 1 i Two s t i m u l i were p r e s e n t e d , a t a 10 i n c h ( i I i n c h ) v i e w i n g 

d i s t a n c e . The f i r s t s t i m u l u s was a l a r g e e q u i l a t e r a l t r i a n g l e , 

p a i n t e d n o n - g l o s s y w h i t e on a b l a c k s t i m u l u s p a n e l . The t h i c k n e s s 

o f each s i d e o f t h e t r i a n g l e was 1 i n c h ; each o u t e r c o n t o u r o f t he 

t r i a n g l e , f r o m c o r n e r t o c o r n e r , was 7 " g i n c h e s , and t h e i n n e r c o n t o u r s 

measured 4" i f i n c h e s . 

The second s t i m u l u s was a f i l l e d w h i t e s e m i - c i r c l e . The l e f t -

hand p o r t i o n o f a b l a c k , 5 i n c h d i a m e t e r s t i m u l u s pane l was p a i n t e d 

a n o n - g l o s s y w h i t e , and a v e r t i c a l edge was p r e s e n t e d I i n c h t o t h e 

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

r e f e r r e d t o as t h e " v e r t i c a l edge" o r " e d g e " s t i m u l u s ) . The p h y s i c a l 

c h a r a c t e r i s t i c s o f b o t h s t i m u l i can be seen i n F i g u r e 7 . 2 . 

D i f f u s e l i g h t i n g f r o m t h e windows i n t h e e x p e r i m e n t a l room 

p r o v i d e d t h e i l l u m i n a t i o n f o r t h e s t i m u l i . The luminance o f t h e w h i t e 

a r e a s o f t h e s t i m u l i , measured s e v e r a l t i m e s i n t hese c o n d i t i o n s , was 

2 5 f t . L . 

These s t i m u l i were chosen because s i m i l a r s t i m u l i have r e c e i v e d 
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e x t e n s i v e t h e o r e t i c a l and e x p e r i m e n t a l t r e a t m e n t (Hebb, 19^+9; 

S a l a p a t e k and K e s s e n , I 9 6 6 ; N e l s o n , 1969; S a l a p a t e k , I 9 6 8 ; H a i t h , 

1968; K e s s e n , S a l a p a t e k and H a i t h , 1 9 7 2 ) , and I t was f e l t t h a t t h e y 

were l i k e l y t o a t t r a c t t h e newborns ' v i s u a l a t t e n t i o n . 

iiljiLC-?-'.!!!..!:.*! §t)((«(lM5 (jr^stirU.^fj I'lr'?;); vrt?-; a l tfzrrifltcJ bciv /ecn t he 

11 newborns seen (8 o f whom were used as S s ) . Each s t i m u l u s was 

p r e s e n t e d f o r a p p r o x i m a t e l y 1 m i n u t e w h i l e t h e camera r eco rded a t 

a speed o f two f rames p e r s e c o n d . 3 o f t h e Ss were shown t h e 

t r i a n g l e f i r s t , and 5 t h e edge s t i m u l u s . 

R e s u l t s 

D i v e r g e n c e o f t h e o p t i c axes R e s u l t s were o b t a i n e d f o r b o t h s t i m u l i 

f r o m a l l o f t h e S s . The a v e r a g e s c o r e d d i v e r g e n c e o f t h e o p t i c a x i s 

o f each S ' s e y e , i n each s t i m u l u s c o n d i t i o n , i s shown i n t a b l e 7 . 1 . 

The s t a n d a r d d e v i a t i o n o f t h e s c o r e d d i v e r g e n c e I s a l s o shown. 

The d i f f e r e n c e s I n magn i t ude o f t h e a v e r a g e sco red d i v e r g e n c e 

between t h e two s t i m u l u s c o n d i t i o n s a r e shown I n t h e l a s t column o f 

t h i s t a b l e . I f t h e s e Ss had been v i e w i n g b o t h s t i m u l i b i f o v e a l l y 

t h e v a l u e s g i v e n I n t h i s column wou ld be s m a l l . I n f o u r cases (Ss 

1 , 2 , 4 and 5 , s t a r r e d i n t h e t a b l e ) , t h e sco red o p t i c a x i s d i v e r g e n c e 

was s u f f i c i e n t l y l a r g e t h a t I t I s no t p o s s i b l e t o c o n c l u d e t h a t t hese 

Ss c o n s i s t e n t l y f i x a t e d b o t h s t i m u l i b i n o c u l a r l y . In f o u r I n s t a n c e s 

t h e v a r i a b i l i t y o f t h e s c o r e d d i v e r g e n c e was l a r g e ( s t a r r e d I n t h e 

t a b l e : Ss 1 and 5 t o t h e t r i a n g l e ; Sk t o b o t h s t i m u l i ) ; In t h e s e . 

r e c o r d s t h e eyes d i d no t m a i n t a i n a r e l a t i v e l y c o n s t a n t magn i t ude o f 

o p t i c a l d i v e r g e n c e . 

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

f o r a l l Ss In F i g u r e 7 . 1 . From t h i s F i g u r e I t can be seen t h a t some 

o f t h e Ss (SI t o t h e t r i a n g l e , Sk t o b o t h s t i m u l i , and S5 t o t h e 

t r i a n g l e ) , had many i n s t a n c e s i n w h i c h t h e eyes were o p t i c a l l y 



TABLE 7 . 1 

Scored d i v e r g e n c e o f t h e o p t i c a x i s ( i n d e g r e e s ) , 
f o r b o t h s t i m u l u s c o n d i t i o n s , e x p e r i m e n t 9 
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EDGE TRIANGLE 

S u b j e c t 
Average 

D i ve rgence 
SD Average 

D i ve rgence 
SD D i f f e r e n c e 

1 7 .74 3 .02 - 0 . 4 0 7.20 ' ' ' 8 . 1 4 " 

2 18 .15 1.49 13.20 2 . 1 8 4 . 9 5 " 

3 10.93 1.69 12.32 1.29 - 1 . 3 9 

if 4 . 8 3 5 . 1 1 * - 1 . 6 4 6 . 7 0 " 6 . 4 7 " 

5 16.38 2 . 0 9 12.92 7 . 5 1 " 3 . 4 6 " 

6 , 10 .85 2 . 9 3 11 .68 2 . 9 3 - 0 . 8 3 

7 9 .34 2 .72 7 .90 2 . 3 8 1.44 

8 9 .68 2 . 4 7 9 .48 3 . 5 9 0 .20 

Ave rages 1 0 . 9 9 ° 8 . 1 8 ° 2 . 8 1 ° 
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30 

20 ̂  

10 

S i 

30i 

20 

10 

S5 

-16 -12 -8 -4 0 4 8 12 16 -16 -12 -8 8 12 16 

16 -12 -8 -l'6 -12 -8 -4 "o" 8 12 16 

-l'6 -12 -8 -4 0 4 8 12 16" 

-16 -12 -8 12 16 -16 -12 -8 8 12 16 

F i g u r e 7 .1 D i s t r i b u t i o n s o f t h e sco red o p t i c a x i s d i v e r g e n c e f o r a l l s u b j e c t s , 
e x p e r i m e n t 9 . Broken l i n e s show t h e d i s t r i b u t i o n s f o r t h e edge s t i m u l u s , and 
f i l l e d l i n e s show t h e d i s t r i b u t i o n s f o r t h e t r i a n g l e . The a b s c i s s a o f each 
g r a p h g i v e s t h e sco red d i v e r g e n c e ( i n d e g r e e s ) . The v e r t i c a l a x i s g i v e s t h e 

' ' .number o f s c o r e d f r a m e s . 

/ 
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" c r o s s - e y e d " , i . e . , s c o r e d d i v e r g e n c e s o f l e s s t han 0 ° . T h i s wou ld 
seem t o r e f u t e W I c k e l g r e n ' s (1967) s u g g e s t i o n t h a t newborns cannot 
c o n s i s t e n t l y conve rge t h e e y e s . P u p i l d i a m e t e r was measured f r o m 
a sample o f t h e f i l m r e c o r d s f r o m t h e s e Ss . The d i a m e t e r o f t h e p u p i l 
u s u a l l y f e l l w i t h i n a range o f f r o m 3.knm t o 4.7mm, but t h e r e was 
no o b v i o u s r e l a t i o n s h i p between p u p i l d i a m e t e r and t he magn i tude o f 
t h e s c o r e d d i v e r g e n c e o f t h e o p t i c a x e s . 

F i x a t i o n r e c o r d s The f i x a t i o n r e c o r d s , d e r i v e d f r o m the sco red f i l m , 

a r e shown i n F i g u r e 7 . 2 . I n t h e f i x a t i o n r e c o r d s o f F i g u r e s 6 . 4 

and 6 . 5 t h e d e r i v e d p o s i t i o n s o f t h e p u p i l c e n t r e s were shown 

r e l a t i v e t o t h e s t i m u l u s p o s i t i o n w i t h i n t h e marker l i g h t s . For 

c o n v e n i e n c e , t h e r e c o r d s shown I n F i g u r e 7 .2 have been c o n s t r u c t e d 

d i f f e r e n t l y : t h e s t i m u l i have been p o s i t i o n e d ( u s i n g t h e ave rage 

d i s p a r i t i e s f ound i n e x p e r i m e n t s 3 and 4 o f Chap te r 3) so t h a t o n -

t a r g e t f i x a t i o n s by S s h o u l d c o i n c i d e w i t h t h e a rea o f t h e s t i m u l u s 

f i x a t e d . 

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

t h e s e d a t a a r e c o n s i d e r e d s e p a r a t e l y f o r each S. 

S u b j e c t s 3 . 6 , 7 and 8 The s m a l l d i f f e r e n c e s i n t h e sco red o p t i c 

a x i s d i v e r g e n c e between c o n d i t i o n s ( f r o m - 1 . 3 9 t o 1.44 , t a b l e 7 . 1 ) , 

s u g g e s t s t h a t t h e s e Ss were f i x a t i n g b o t h s t i m u l i b i f o v e a l l y . T h i s 

s u g g e s t i o n I s f u r t h e r bo rne o u t by t h e o v e r l a p o f t h e d i s t r i b u t i o n s • 

o f t h e sco red o p t i c a l d i v e r g e n c e , and t h e d e f i n i t e peaks o f t h i s 

v a r i a b l e , shown f o r each S i n F i g u r e 7 . 1 . The f i x a t i o n r e c o r d s 

( F i g u r e 7 . 2 ) f o r Ss 6 , 7 and 8 show a c l e a r g r o u p i n g a round t h e 

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

A l t h o u g h t h i s m i g h t a l s o have been t h e case f o r S3, t h e sma l l number 

o f s c o r e d f i x a t i o n s (14 f r o m t h e r e c o r d foR the edge s t i m u l u s , and 

22 f o r t h e t r i a n g l e ) . d o e s no t p e r m i t a f i r m c o n c l u s i o n t o be d rawn . 



DGE 
L E 

S I 

T R I A N G L E 
L E R E 

S 2 

S 3 : S 3 

S 4 

S 5 

S 6 

S 8 6 in 

F i g u r e 7 .2 V i s u a l f i x a t i o n r e c o r d s o f s u b j e c t s v i e w i n g an edge 
s t i m u l u s , and a t r i a n g l e ( b o t h e y e s ) , e x p e r i m e n t 9 . 



S u b j e c t 5 I t i s l i k e l y t h a t t h i s S c o n v e r g e s , a t l e a s t f o r some 

o f t h e t i m e . The sco red o p t i c a x i s d i v e r g e n c e ( F i g u r e 7 . 1 ) shows a 

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

a r o u n d 16 and 17° v i s u a l a n g l e , a l t h o u g h t h e n e g a t i v e skew o f t h e 

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

c o n d i t i o n , and adds t o i t s v a r i a b i l i t y . From t h e f i x a t i o n r e c o r d s 

o b t a i n e d ( F i g u r e 7 . 2 ) i t i s p o s s i b l e t h a t t h i s S p r e d o m i n a n t l y 

f i x a t e d a round t h e c o n t o u r s o f t h e edge s t i m u l u s , and towards t h e 

b o t t o m r i g h t hand c o r n e r o f t h e t r i a n g l e . 

S u b j e c t s I and 4 The s c o r e d o p t i c a x i s d i v e r g e n c e f o r t h e s e Ss 

was v e r y v a r i a b l e : t h e l a r g e r t h e v a r i a n c e o f t h i s sco red d i v e r g e n c e , 

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

t o t h e s t i m u l i . I t i s p o s s i b l e t h a t SI was b i n o c u l a r l y f i x a t i n g 

t h e edge (most f i x a t i o n s by t h i s S , shown i n F i g u r e 7 . 2 , a r e near 

t h e c o n t o u r ) , bu t t h e w i d e v a r i a b i l i t y i n t h e o t h e r c o n d i t i o n s 

( i . e . , SI t o t h e t r i a n g l e , and S4 t o b o t h s t i m u l i ) , shows t h a t t h e r e 

was no c o n s i s t e n t c o n v e r g e n c e . The f i x a t i o n r eco rds f o r t h e s e c o n d i t i o n s 

( F i g u r e 7 . 2 ) , do no t show a d e f i n i t e g r o u p i n g . 

S u b j e c t 2 A l t h o u g h t h e v a r i a b i l i t y o f t h e sco red o p t i c a x i s d i v e r g e n c e 

i s s m a l l f o r t h i s S i n b o t h s t i m u l u s c o n d i t i o n s (SD = 1 .49° f o r t h e 

edge s t i m u l u s , and 2 . 1 8 ° f o r t h e t r i a n g l e ) , t h e l a r g e d i f f e r e n c e i n 

t h e a v e r a g e s o f t h i s d i v e r g e n c e between c o n d i t i o n s ( 4 . 9 5 ° ) i s an 

i n d i c a t i o n t h a t t h i s S a l s o d i d no t f i x a t e t h e s t i m u l i b i f o v e a l l y . As 

t h i s S was t h e s u b j e c t f o r e x p e r i m e n t 10 , f u r t h e r comments w i l l be 

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

D I s c u s s i o n U n l i k e t h e r e s u l t s f r o m e x p e r i m e n t s 7 and 8 (Chapter 6 ) , . 

t h e r e s u l t s f r o m t h i s e x p e r i m e n t do no t p e r m i t a unanimous i n t e r p r e t a 

t i o n . W h i l s t some Ss conve rge t o b o t h s t i m u l i , o t h e r s c l e a r l y do n o t . 

I t i s c e r t a i n l y t h e case t h a t l a r g e v a r i a b i l i t y i n t h e sco red o p t i c a l 
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d i v e r g e n c e o f t h e two eyes I s an I n d i c a t i o n o f a l a c k o f b i n o c u l a r 

f i x a t i o n , 

A p o s s i b l e reason f o r t h e ambiguous n a t u r e o f t h e r e s u l t s f r om 

t h i s e x p e r i m e n t c o n c e r n s t h e a u t h o r ' s a b i l i t y t o h o l d t h e Ss i n 

p o s i t i o n . By t h e t i m e t h i s e x p e r i m e n t was c a r r i e d o u t t h e a u t h o r had 

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

f r o m a l l Ss who d i d no t e i t h e r engage i n such ex t reme o c u l a r a c t i v i t y 

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

t h e e x p e r i m e n t a l s e s s i o n ( r e s u l t s were u n o b t a i n a b l e f r o m o n l y 3 o f 

t h e 11 bab ies s e e n ) . I t m i g h t be t h a t t h i s i n t r o d u c e s a f u r t h e r 

v a r i a b l e t o an a l r e a d y v a r i a b l e s u b j e c t p o p u l a t i o n ( i . e . , i t m igh t b e , 

as i t w e r e , t h a t one can p o i n t a newbo rn ' s eyes i n t h e d i r e c t i o n o f 

t h e s t i m u l u s , bu t one canno t make h im l o o k ) . 

The few p o s i t i v e f i n d i n g s f r o m t h i s e x p e r i m e n t a r e i n agreement 

w i t h S a l a p a t e k and K e s s e n ' s (1966) f i n d i n g t h a t newborns w i l l f i x a t e 

a c o r n e r o f a l a r g e t r i a n g l e , and H a l t h ' s (1968) f i n d i n g t h a t v e r t i c a l 

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

I n t h e f a c e o f such v a r i a b i l i t y t h e a u t h o r was r e l u c t a n t t o 

c a r r y o u t more q u a n t i t a t i v e a n a l y s e s o f t h e d a t a , and no f u r t h e r 

r e s u l t s were t a k e n . 

EXPERIMENT 10 When e x p e r i m e n t 9 had been comp le ted a l o n g i t u d i n a l 

s t u d y was c a r r i e d o u t on one baby who had g i v e n r e s u l t s i n t h a t 
2 

e x p e r i m e n t ( S u b j e c t 2 ) . T h i s baby was seen on f o u r s e p a r a t e o c c a s i o n s : 

t h e f i r s t when she was a s u b j e c t i n e x p e r i m e n t 9 (26 hours o l d ) ; 

a d d i t i o n a l l y , she was seen when 3 weeks , 6 d a y s , 4 weeks , 6 d a y s , and 

2 
F o o t n o t e Thanks a r e due t o M r s . Mary P e a r s o n , whose d a u g h t e r Anna 
was t h e s u b j e c t i n t h i s e x p e r i m e n t , 
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6 weeks o f a g e . 

On t h e f i r s t o c c a s i o n , she was shown t h e t r i a n g l e and t h e edge 

s t i m u l u s d e s c r i b e d under t h e p r e v i o u s e x p e r i m e n t . On t h e t h r e e 

subsequen t o c c a s i o n s she was shown t h e s e two s t i m u l i , t h e v e r t i c a l 

a r r a y o f l i g h t s a t 10 i nches t h a t had been used as a s t i m u l u s i n 

e x p e r i m e n t s 7 and 8 , and t h e a r r a y o f l i g h t s a t a 5 i n c h d i s t a n c e 

t h a t was used i n e x p e r i m e n t 8 . 

R e s u l t s 

D i v e r g e n c e o f t h e o p t i c axes The sco red d i v e r g e n c e o f t h e o p t i c 

a x i s , and t h e s t a n d a r d d e v i a t i o n s , a r e g i v e n i n t a b l e 7 . 2 . Where 

r e s u l t s were no t a v a i l a b l e f r o m a p a r t i c u l a r s t i m u l u s p r e s e n t a t i o n , 

no e n t r y i s made i n t h e t a b l e . 

On t h e f o u r t h e x p e r i m e n t a l s e s s i o n (when S was 6 weeks o l d ) , 

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

s t i m u l u s d i s t a n c e o f 10 i n c h e s , an a v e r a g e o f 1 0 . 4 0 ° , and a l l t h r e e . 

a v e r a g e s a r e w i t h i n 0 . 3 2 ° o f t h i s v a l u e (co lumns B, C and D o f 

t a b l e 7 . 2 ) . The s t a n d a r d d e v i a t i o n s o f t h e d i s t r i b u t i o n s o f t h e 

s c o r e d d i v e r g e n c e , f o r t h i s s e s s i o n , were v e r y s m a l l , b e i n g a maximum 

o f 1 . 0 2 ° . The d a t a f r o m t h i s s e s s i o n a r e e v i d e n c e f o r b i n o c u l a r 

f i x a t i o n o f t h e s t i m u l i by t h i s 6 w e e k - o l d S. In t h i s f i n a l 

e x p e r i m e n t a l s e s s i o n S was a l s o r e l i a b l y c o n v e r g i n g t o t he s t i m u l u s 

p r e s e n t e d a t a v i e w i n g d i s t a n c e o f 5 i n c h e s : t h e sco red o p t i c a x i s 

d i v e r g e n c e was 3 . 9 4 ° , w h i c h i s 6 . 4 6 ° l e s s t h a n t h a t t o t h e s t i m u l i 

a t 10 i n c h e s . ^ 

The r e s u l t s f r o m t h e r e c o r d s o b t a i n e d when S was p r e s e n t e d t h e 

s t i m u l u s a t 5 i nches c a l l f o r s p e c i a l comment. For t h e second 

F o o t n o t e ^ The e x p e c t e d r e d u c t i o n i n t h e sco red d i v e r g e n c e f o r an 
S b i n o c u l a r l y f i x a t i n g a s t i m u l u s a t 5 i nches i s 6 .0 (Chap te r 6 ) . 
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e x p e r i m e n t a l s e s s i o n (when S was 3 weeks , 6 days o l d ) , t h e sco red 
d i v e r g e n c e o f t h e p u p i l c e n t r e s was an ave rage o f 1 4 . 5 9 ° , showing 
t h a t S was no t f i x a t i n g t h e s t i m u l u s b i f o v e a l l y . The f i x a t i o n 
r e c o r d o f t h i s s e s s i o n ( F i g u r e 7 . 3 ) i n d i c a t e s t h a t S was v i e w i n g t h e 
s t i m u l u s m o n o c u l a r l y , w i t h t h e l e f t e y e . For t h e t h i r d e x p e r i m e n t a l 
s e s s i o n t h e a v e r a g e s c o r e d d i v e r g e n c e was 2 . 7 5 ° . However, a l t h o u g h 
t h i s d i v e r g e n c e i s a p p r o x i m a t e l y t h a t r e q u i r e d t o i n d i c a t e b i n o c u l a r 
f i x a t i o n , t h e l a r g e v a r i a b i I i t y , and t h e f a i l u r e t o c o n s i s t e n t l y 
f i x a t e t h e s t i m u l u s ( F i g u r e 7 . 3 ) , p r e c l u d e t h i s i n t e r p r e t a t i o n o f 
t h e r e s u l t s . The range o f t h e sco red o p t i c a x i s d i v e r g e n c e t o t h e 
5 i n c h s t i m u l u s f o r t h e t h i r d e x p e r i m e n t a l s e s s i o n i s shown i n 
F i g u r e 7 . 4 . I n t h i s F i g u r e t h e range f o r t h e f i n a l e x p e r i m e n t a l 
s e s s i o n i s a l s o shown. I t can c l e a r l y be seen t h a t t h e w e l l - d e f i n e d 
peak f o u n d i n t h e d i s t r i b u t i o n o f t h e r e s u l t s f r om t h e f o u r t h s e s s i o n 
i s no t p r e s e n t i n t h e r e s u l t s f r o m t h e t h i r d s e s s i o n . 
Pup i1 D i a m e t e r I t was men t i oned i n t h e l a s t c h a p t e r t h a t , when an 
a d u l t changes f i x a t i o n f r o m a f a r t o a near o b j e c t t he eyes c o n v e r g e , 
t h e a n t e r i o r s u r f a c e o f each l ens bu lges f o r w a r d t o accommodate t o 
t h e near o b j e c t , and t h e p u p i l s become s m a l l e r ( t o c o u n t e r a c t t h e 
s p h e r i c a l a b e r r a t i o n t h a t wou ld o t h e r w i s e be p r e s e n t ) , b r i n g i n g t he 
o b j e c t s h a r p l y i n t o f o c u s . These changes o c c u r t o g e t h e r , and would 
seem t o be t h e r e s u l t o f a common, m u s c u l a r i n n e r v a t i o n ( A l p e r n , 
L o w e n s t e i n and L o e w e n f e l d , 1962, p 2 1 3 ) . D u r i n g e x p e r i m e n t a l s e s s i o n 
3 (when S was 4 w e e k s , 6 days o l d ) , t h e p u p i l c e n t r e s o f t h e eyes 
were o f t e n sco red as b e i n g m a r k e d l y u n d e r - c o n v e r g e n t ( i . e . , " c r o s s 
e y e d " ) . From a sample o f t h e f i l m r e c o r d s i t was c l e a r t h a t , t o 
t h e t r i a n g l e s t i m u l u s p r e s e n t e d d u r i n g t h i s s e s s i o n , t h e s m a l l e s t 
p u p i l d i a m e t e r s were found d u r i n g some o f t h e s e u n d e r - c o n v e r g e d o c c a s i o n s . 
When t h e o p t i c axes were s c o r e d as b e i n g p a r a l l e l (a v a l u e o f 0 ° ) , or . 
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-16 -14 -12 -10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 12 14 

F i g u r e 7 . 4 D i s t r i b u t i o n s o f t h e s c o r e d o p t i c a x i s d i v e r g e n c e f o r t he 
5 i n c h s t i m u l u s , s e s s i o n s 3 and 4 , e x p e r i m e n t 10. The axes a r e t h e same 
as t h o s e o f F i g u r e 7 . 1 . 
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d i v e r g e n t , t h e p u p i l d i a m e t e r ranged f r o m k j t o '+.9mni. When t h e 
o p t i c axes had a s c o r e d v a l u e o f l e s s t h a n 0 ° , t h e p u p i l d i a m e t e r 
ranged f r o m 3.2 t o 4.7mm. The same r e s u l t was f ound f r o m a sample 
o f t h e r e c o r d s t o t h e 5 i n c h s t i m u l u s . T h u s , f o r t h i s S a t 4 weeks , 
6 days o f a g e , t h e r e appea red t h e p resence o f t h e p u p i l c o n s t r i c t i o n 
r e f l e x . 

Fo r t h e f o u r t h e x p e r i m e n t a l s e s s i o n (when S was 6 weeks o l d ) , 

p u p i l d i a m e t e r was measured f r o m a sample o f t h e f i l m r e c o r d s , (a) 

when S was c o n v e r g i n g t o t h e 5 i n c h s t i m u l u s , and (b) when S was 

c o n v e r g i n g t o t h e a r r a y o f l i g h t s p r e s e n t e d a t a 10 i n c h v i e w i n g 

d i s t a n c e . S i n c e t h e s t i m u l i were equa ted f o r luminance and r e t i n a l 

image s i z e , d i f f e r e n c e s i n p u p i l d i a m e t e r a r e no t t o be e x p l a i n e d by 

t h e s e v a r i a b l e s . To t h e a r r a y o f l i g h t s t h e p u p i l d i a m e t e r was an 

a v e r a g e o f 5.06mm (14 s c o r e d f r a m e s ) ; t o t h e 5 i n c h s t i m u l u s t h e p u p i l 

d i a m e t e r was an a v e r a g e of k.Brrm (15 s c o r e d f r a m e s ) . A Mann-Whi tney . 

U - t e s t was c a r r i e d o u t on t h e s e d a t a , and a s i g n i f i c a n t v a l u e o f U 

was o b t a i n e d (U = 1 2 . 5 i p , o n e - t a i l e d , < . 0 1 ) . T h u s , t h e changes i n 

p u p i l d i a m e t e r t h a t one w o u l d e x p e c t t o accompany convergence t o a 

nea r o b j e c t were f o u n d f o r t h i s 6 week o l d S. 

F i x a t i o n r e c o r d s The f i x a t i o n r e c o r d s o f t h e d e r i v e d p o s i t i o n s o f 

t h e p u p i l c e n t r e a r e shown i n F i g u r e 7 . 3 . The p o s i t i o n s o f t h e 

s t i m u l i a r e a g a i n a r r a n g e d so t h a t f i x a t i o n s o n - t a r g e t wou ld c o i n c i d e ' 

w i t h t h e p o r t i o n o f t h e s t i m u l u s f i x a t e d . The ave rage sco red d i v e r g e n c e 

o f t h e p u p i l c e n t r e s i s shown unde r t h e r e c o r d s f o r each p r e s e n t a t i o n . 

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

t o a marked e x t e n t , w i t h g r o u p i n g s a round t h e c o n t o u r o f t h e edge 

s t i m u l u s , t h e l e f t hand c o r n e r o f t h e t r i a n g l e , and t h e b o t t o m o f 

t h e 10 i n c h a r r a y o f l i g h t s . D u r i n g t h e second e x p e r i m e n t a l s e s s i o n 

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



a v i e w i n g d i s t a n c e o f 10 i nches f r o m w h i c h r e s u l t s were t a k e n . 

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

s e s s i o n (row 1 o f F i g u r e 7 . 3 ) . when S was 26 hours o l d , were much 

more v a r i a b l e t h a n t h o s e o b t a i n e d when S was b i n o c u l a r l y f i x a t i n g 

t h e s t i m u l i d u r i n g l a t e r s e s s i o n s . D u r i n g t h e t h i r d s e s s i o n S 

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

l e f t e y e , and t h e l e f t hand c o r n e r o f t h e t r i a n g l e w i t h t h e r i g h t 

e y e . T h i s p a t t e r n o f f i x a t i o n s i s u n i q u e t o t h e p r e s e n t e x p e r i m e n t : 

i t i s most 1 i k e l y c o i n c i d e n t a 1 , because o f t h e l a r g e v a r i a b i l i t y i n 

t h e s c o r e d d i v e r g e n c e (SD = 7 . 0 5 ° ) . 

C o n c l u s i o n s T h i s l o n g i t u d i n a l s t u d y does n o t p r o v i d e unambiguous 

r e s u l t s c o n c e r n i n g t h e deve lopment o f b i n o c u l a r f i x a t i o n . Three c o n 

c l u s i o n s emerge , however : 

(1) When S ' s eyes f l u c t u a t e d m a r k e d l y a round t he mean o p t i c 

a x i s d i v e r g e n c e (edge s t i m u l u s and t r i a n g l e f o r s e s s i o n 1 ; 5 i n c h 

s t i m u l u s f o r s e s s i o n 2 ; 5 i n c h s t i m u l u s and t r i a n g l e f o r s e s s i o n 3 ) , 

t h e r e was no e v i d e n c e ( f r o m t h e o t h e r v a r i a b l e s r e c o r d e d ) f o r 

b i n o c u l a r f i x a t i o n ; 

(2) When b i n o c u l a r f i x a t i o n was c l e a r l y p r e s e n t ( a r r a y o f l i g h t s 

a t 10 i n c h e s and ^ ^ ^ C f o r s e s s i o n 2 , and a l l s t i m u l i f o r s e s s i o n 

k) , t h e mean o f t h e s c o r e d o p t i c a x i s d i v e r g e n c e was s i m i l a r ( w i t h 

a range f r o m 1 0 . 0 8 ° t o 1 1 . 0 0 ° ) , and i t s v a r i a b i l i t y was s m a l l ; 

(3) The re was no t an o r d e r l y p r o g r e s s i o n i n t h e deve lopment o f 

b i n o c u l a r f i x a t i o n . 

The l a s t c o n c l u s i o n i s l i m i t e d by t h e sma l l sample s i z e : f l u c t u a t i o n s 

i n S ' s s t a t e p r o b a b l y i n f l u e n c e d t h e s e r e s u l t s . 

However , t h e r e s u l t s f r o m s e s s i o n s 2 and k do p r o v i d e c l e a r 

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

1 0 . 4 0 ° ) , and e m p i r i c a l l y r e f u t e Merke l and O r r ' s (1892) s u g g e s t i o n 
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t h a t t h e v i s u a l and o p t i c axes o f t h e eye c o i n c i d e i n t h e t h r e e - w e e k -

o l d i n f a n t . 

EXPERIMENT 11 Because o f t h e v a r i a b i l i t y e n c o u n t e r e d i n e x p e r i m e n t 9. 

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

3 , 4 , 5 , 7 and 8 was p r e s e n t e d i n t h e p r e s e n t e x p e r i m e n t , t o g e t h e r 

w i t h o t h e r s t i m u l i . I t i s known, f r o m t h e s e e a r l i e r e x p e r i m e n t s , 

t h a t most newborns w i l l r e a d i l y f i x a t e t h i s s t i m u l u s w i t h t h e f oveas 

o f b o t h e y e s , and i t was hoped t h a t f i x a t i o n s o f t h i s s t i m u l u s wou ld 

a l l o w d e t e r m i n a t i o n o f t h e a n g l e a l p h a f o r each i n d i v i d u a l S i n t h e 

p r e s e n t e x p e r i m e n t , and t h a t t h i s c o u l d be used t o g i v e some i n d i c a t i o n 

o f what was happen ing d u r i n g t h o s e i n s t a n c e s when Ss d i d no t 

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

S u b j e c t s S u b j e c t s f o r t h e e x p e r i m e n t were 15 newborns , 7 fema les 

and 8 m a l e s , 9 o f whom were f i r s t b o r n . T h e i r ages a t t h e t i m e o f 

e x p e r i m e n t i n g ranged f r o m 42 t o 210 h o u r s , median 146, and t h e i r 

b i r t h w e i g h t s ranged f r o m 6 l b t o 8 l b 8 o z , median 71b l o z . 

A f u r t h e r 7 b a b i e s were s e e n , bu t c o u l d not be used as Ss . I n 

3 cases t h e camera was b a d l y f o c u s e d and t h e p h o t o g r a p h i c r eco rds 

c o u l d no t be s c o r e d . I n a f u r t h e r 3 cases t h e e x p e r i m e n t a l s e s s i o n 

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

because t h e baby c r i e d , f u s s e d , o r f e l l a s l e e p . The f i l m f r o m one 

newborn was no t s co red as most o f t h e a p p a r e n t f i x a t i o n s were w e l l 

o u t s i d e t h e s t i m u l u s a r e a . 

S t i m u l i I t had n o t been p o s s i b l e t o c o n t r o l e x a c t l y t h e l e v e l o f 

i l l u m i n a t i o n o f t h e w h i t e a r e a s o f t he s t i m u l i p r e s e n t e d i n e x p e r i m e n t 

9. I n o r d e r t o p r o v i d e a u n i f o r m l e v e l o f i l l u m i n a t i o n o f a l l p a r t s 

o f t h e s t i m u l i , and t o a l l o w a number o f d i f f e r e n t s t i m u l i t o be 

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

t h e p r e s e n t e x p e r i m e n t . 



T e n sma l l b u l b s were mounted ( e v e n l y spaced) on a c i r c u l a r 

(10 i n c h e s i n d i a m e t e r ) p i e c e o f a l u m i n i u m , w h i c h had a two i n c h 

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

f o i l was g l u e d t o t h e a l u m i n i u m , i t s pu rpose b e i n g t o d i f f u s e t h e 

l i g h t t h a t i t r e f l e c t e d f r o m t h e b u l b s . A s i m i l a r l y - s h a p e d p i e c e o f 

s e m i - t r a n s l u c e n t , w h i t e p e r s p e x was mounted a p p r o x i m a t e l y 1 ^ inches 

above t h e f r o n t s u r f a c e o f t h e b u l b s . When t h e b u l b s were s w i t c h e d 

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

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

h o l e i n t h e p e r s p e x . When t h e l i g h t d i f f u s e r was screwed i n t o p o s i t i o n 

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

s c r e e n , and t h e camera p h o t o g r a p h e d t h r o u g h t h e i n f r a r e d ' f i 1 t e r i n 

t h e p e r s p e x . To e n s u r e t h a t t h i s c e n t r a l f i l t e r d i d no t r e f l e c t o r 

t r a n s m i t l i g h t f r o m t h e b u l b s , e i t h e r i n t o t h e camera l e n s , o r t o 

t h e s u b j e c t s ' e y e s , a two i n c h square p i e c e o f t u b i n g was s l o t t e d 

be tweeno the c e n t r a l h o l e s i n t h e a l u m i n i u m b u l b moun t i ng and t h e w h i t e 

p e r s p e x . The i n s i d e o f t h i s t u b i n g was p a i n t e d mat t b l a c k . The 

v o l t a g e o f t h e b u l b s was a d j u s t e d u n t i 1 t h e luminance o f t h e f r o n t 

s u r f a c e o f t h e p e r s p e x was 20 f t . L. 

When t h i s l i g h t d i f f u s e r was f i t t e d t o t he a p p a r a t u s i t was 

p o s s i b l e t o p r e s e n t a s t i m u l u s t o t h e s u b j e c t a t a d i s t a n c e o f 10 inches 

f r o m t h e e y e s , and w i t h a c o n s t a n t l u m i n a n c e , t h r o u g h o u t an a rea Sj 

i n c h e s i n d i a m e t e r ( w i t h t h e e x c e p t i o n o f t h e 2 i n c h square c e n t r a l 

a r e a , w h i c h a p p e a r e d b l a c k ) , by c o v e r i n g unneeded a reas o f t h e f r o n t 

s u r f a c e o f t h e p e r s p e x ( t h e s u r f a c e seen by S ) . To p r e s e n t t h e 

s t i m u l i , a l u m i n i u m s t i m u l u s p a n e l s ( p a i n t e d b l a c k ) , were hung o v e r 

t h e p e r s p e x , w i t h t h e s t i m u l u s shape removed. 

T h r e e s t i m u l i were p r e s e n t e d i n t h i s e x p e r i m e n t . The f i r s t was 

a v e r t i c a l s t r i p , 6 i nches x j i n c h , and p r e s e n t e d two i nches t o t h e 
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l e f t o f c e n t r e . The second s t i m u l u s was an o u t l i n e e q u i l a t e r a l 

t r i a n g l e and an o u t l i n e s q u a r e , p r e s e n t e d t o g e t h e r . The l e n g t h o f 

each o u t e r c o n t o u r o f t h e t r i a n g l e was t h r e e i n c h e s , and o f t h e square 

was two and a h a l f i n c h e s . The s i d e s o f each o f t he f i g u r e s were 

h a l f - a n - i n c h w i d e . For t h e f i r s t 8 Ss t h e t r i a n g l e was p r e s e n t e d 

t o t h e l e f t o f c e n t r e , and t h e squa re was t o t h e r i g h t . The c e n t r e s 

o f t h e s e f i g u r e s were t h r e e i nches f r o m t h e c e n t r e o f t he s t i m u l u s 

p a n e l . For t h e l a s t 7 Ss t h e s t i m u l u s panel was r e v e r s e d so t h a t 

t h e squa re was t o t h e l e f t . The t h i r d s t i m u l u s was an a r rangemen t 

o f f o u r open s q u a r e s , o f two i nches s i d e . The a r rangement o f t h e s e 

squa res can be seen i n F i g u r e 7 . 5 . 

These s t i m u l i were chosen f o r t h e i r known, o r supposed , a b i l i t y 

t o a t t r a c t newborns ' v i s u a l a t t e n t i o n . Ev idence rev iewed i n 

C h a p t e r 1 sugges t s t h a t an a r r a y o f s q u a r e s , o f two inches s i d e , 

a t a v i e w i n g d i s t a n c e o f 10 i n c h e s , w i l l be f i x a t e d more f r e q u e n t l y 

t h a n o t h e r s t i m u l u s a r r a n g e m e n t s . A t r i a n g l e and s q u a r e , s i m i l a r 

i n s i z e t o t h e p r e s e n t o n e s , were used by S a l a p a t e k ( 1 9 6 8 ) , i n an 

e x t e n s i v e s t u d y w i t h 72 newborn s u b j e c t s . 

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

t h e v e r t i c a l s t r i p , t h i s s t i m u l u s was a lways p r e s e n t e d f i r s t . As an 

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

s t i m u l u s was a l s o shown a f t e r p r e s e n t a t i o n o f t h e o t h e r two s t i m u l i . • 

I f r e s u l t s were a v a i l a b l e f r o m t h e f i r s t p r e s e n t a t i o n , however , t h i s 

f i n a l t r i a l was no t s c o r e d . The o r d e r o f p r e s e n t a t i o n o f t h e o t h e r 

two s t i m u l i was a l t e r n a t e d between S s , and a l l t h r e e s t i m u l i were 

p r e s e n t e d f o r a p p r o x i m a t e l y 1 m i n u t e . 

R e s u l t s R e s u l t s were o b t a i n e d f r o m a l l bu t one o f t h e Ss f o r a l l 

t h r e e s t i m u l i . T h i s S (S3) began f u s s i n g d u r i n g p r e s e n t a t i o n o f t h e 

t r i a n g l e - a n d - s q u a r e s t i m u l u s : r e s u l t s were o b t a i n e d f r o m t h i s 



192 
V E R T I C A L 

STRIP 

S I 

TRIANGLE 
& SQUARE 

A vQ 

ARRAY OF 
S Q U A R E S 

S 4 P-.P 

S 5 0 • 
..p= p 

S 6 

S 7 

S 8 

• • 

sg 
a • 

S I 3 
P P 

SI4 
6 in 

5* A • • 

F i g u r e 7 . 5 V i s u a l f i x a t i o n r e c o r d s o f t hose s u b j e c t s f r o m 
e x p e r i m e n t 11 who a r e presumed t o be b i n o c u l a r l y f i x a t i n g a l l 
t h e s t i m u l u s f i g u r e s . R i g h t eye o n l y . 
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p r e s e n t a t i o n , bu t t h e a r r a y o f squares was no t shown t h i s S. 
D i v e r g e n c e o f t h e o p t i c axes The ave rage sco red d i v e r g e n c e o f t h e 
o p t i c a x i s o f each S ' s eye i n t h e t h r e e s t i m u l u s c o n d i t i o n s i s 
g i v e n i n t a b l e 7 . 3 , t o g e t h e r w i t h t h e s t a n d a r d d e v i a t i o n s o f t he 
s c o r e d d i v e r g e n c e . The l a r g e s t d i f f e r e n c e i n t h e ave rage sco red 
d i v e r g e n c e between any two o f t h e t h r e e s t i m u l u s c o n d i t i o n s i s shown 
i n t h e l a s t co lumn o f t h i s t a b l e , f o r each S, A l a r g e v a l u e i n 
t h i s co lumn i s an i n d i c a t i o n t h a t S was no t c o n s i s t e n t l y b i f o v e a l l y 
f i x a t i n g a l l t h e s t i m u l i . I n s i x cases (Ss 2 , 3 . 10 , 1 1 , 12 and 
15 , s t a r r e d i n t h e t a b l e ) , t h e maximum d i f f e r e n c e sco red was 
s u f f i c i e n t l y l a r g e t o i n d i c a t e t h a t t h i s was t h e c a s e . The r e s u l t s 
a r e c o n s i d e r e d s e p a r a t e l y f o r each S. 

Pup i1 d i a m e t e r I t was a g a i n t h e case t h a t some Ss' eyes were 

s c o r e d as b e i n g o p t i c a l l y u n d e r - c o n v e r g e n t , A compar i son o f p u p i l 

d i a m e t e r between i n s t a n c e s o f u n d e r - and o v e r - c o n v e r g e n c e d i d not 

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

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

c o n v e r g e n c e . T h u s , f o r S15 , v i e w i n g t he t r i a n g l e - a n d - s q u a r e s t i m u l u s , 

a range o f p u p i l d i a m e t e r f r o m k.7 t o 5.4mm was f ound when t h e eyes 

were o p t i c a l l y o v e r - c o n v e r g e n t , and a range f r o m 3 .19 t o 4.7mm was 

f o u n d when t h e eyes were u n d e r - c o n v e r g e n t . I n t h e a d u l t , t h e p u p i l 

d i a m e t e r c o n t i n u e s t o d e c r e a s e beyond t h e near p o i n t o f accommodat ion . 

( A l p e r n , 1962, p 2 1 3 ) . i t seems p o s s i b l e t h a t t h e changes i n p u p i l 

d i a m e t e r a s s o c i a t e d w i t h ve rgence movements a r e p r e s e n t i n newborns , 

bu t t h a t t h e p r e s e n t r e c o r d i n g t e c h n i q u e i s unab le t o d e t e c t them -

i . e . , i f c h a n g i n g f r o m o v e r - t o u n d e r - c o n v e r g i n g i s accompanied ( i n 

n e o n a t e s ) , by a d e c r e a s e i n p u p i 1 d i a m e t e r , bu t t he p u p i l d i l a t e s 

a g a i n s h o r t l y t h e r e a f t e r , t h e r a t e o f f i l m i n g (2 f rames pe r second) 

may be t o o s low t o p i c k up t h e s e changes . 
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TABLE 7 .3 

Sco red d i v e r g e n c e o f t h e o p t i c a x i s ( i n d e g r e e s ) , 
f o r t h e t h r e e s t i m u l u s c o n d i t i o n s o f e x p e r i m e n t 11 

S u b j e c t 

V e r t i ca 1 

Average 
D i v e r g e n c e 

S t r i p 

SD 

T r i a n g l e and 
Squa re 

Ave rage 
D i v e r g e n c e 

Squa res 

Average 
D i ve rgence 

Maximum 
D i f f e rence 
Between 
Condi t i o n s 

1 6 .47 1.95 6 . 2 5 1.94 7.08 2 . 5 9 0.83 

2 7 .35 1.64 0 . 8 1 " 6 .70 - 3 . 6 3 " 9.67 10.98" 

3 15.97 1.71 1 1 . 3 5 " ' 7 .10 - - 4 . 6 2 " 

4 7 .21 1,64 7 .65 1.27 7 .70 1.40 0 . 4 9 

5 12.47 1.86 12 .48 2 . 6 5 12.36 2 . 0 4 0 .12 

6 7 .16 2 . 9 3 7.92 1.61 7.92 1.90 0.76 

7 6.06 1.79 5 . 4 9 2 .31 5.63 1.76 0 .57 

8 11 .69 . 1.00 10.42 3 .90 12.14 1.39 1.72 

9 10.36 2 .07 11.96 1.73 11.19 1.67 1.60 

10 17.28" 1.58 1 2 . 8 1 " 4 . 6 1 1 3 . 9 0 " 2 . 5 4 4 . 4 7 " • 

11 1 4 . 9 1 ' ' 2 .42 17.29" 2 .10 1 7 . 3 0 " 1.89 2 . 3 9 " 

12 2 1 . 2 9 " 1.50 1 4 . 7 5 " 4 . 2 2 14.89" 4.60 6 . 5 4 " 

13 12.27 1.32 11 .79 .2 .36 11.05 3.12 1.22 

14 11.24 1.76 10.93 •3 .13 11.45 1.41 0 .52 

15 7 .52 2 .29 4 . 7 8 " 9.38 7.36 2 .70 2 . 7 4 " 

A v e r a g e s 
11.28° 

(N = 15) 
9 . 7 8 ° 

(N = 15) 
9 . 7 4 ^ 

(N = 14) 
2 . 6 4 ° 

(N = 15) 
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S u b j e c t s 1 , 4 , 5, 6 , 7 , 8 , 9 , 13 and 14 

For t h e s e Ss t h e maximum d i f f e r e n c e i n t h e sco red o p t i c a x i s 

d i v e r g e n c e was s m a l l , l e s s t h a n 2° i n each c a s e . ^ The f i x a t i o n 

r e c o r d s f o r t h e s e Ss a r e shown i n F i g u r e 7 . 5 , f o r t h e r i g h t eye o n l y . 

To t h e v e r t i c a l s t r i p , t h e eyes were f i x a t i n g , on a v e r a g e , 0.26 inches 

t o t h e r i g h t o f i t s c e n t r e w i t h t h e r i g h t e y e , and 0.02 i nches t o 

t h e l e f t w i t h t h e l e f t eye : i n each case t h e ave rage sco red l o c a t i o n 

o f each eye was w i t h i n 1 i n c h o f t h e c e n t r e o f t h e s t i m u l u s . To 

t h e second s t i m u l u s ( t h e t r i a n g l e - a n d - s q u a r e ) , i t i s a p p a r e n t f r o m 

F i g u r e 7.5 t h a t t h e s e Ss tended t o l o o k a t o n e , r a t h e r t h a n b o t h , o f 

t h e f i g u r e s , w i t h a g r o u p i n g o f f i x a t i o n s a round t h e c o n t o u r s o f 

t h e chosen f i g u r e . 

To t h e t h i r d s t i m u l u s ( t h e a r r a y o f s q u a r e s ) , t h e f i x a t i o n s a r e 

more d i f f i c u l t t o i n t e r p r e t . S i x o f t h e Ss (Ss 6, 7 , 8 , 9, 13 and 

14) f i x a t e d a r o u n d t h e c o n t o u r s o f one o f t h e squa res : t h e o t h e r t h r e e 

Ss (Ss 1 , 4 and 5) f i x a t e d m o s t l y wi t h i n t h e s t i m u l u s a r r a n g e m e n t . 

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

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

have been v i e w i n g a b l a c k c r o s s a g a i n s t a w e l 1 - i 1 l u m i n a t e d b a c k g r o u n d . 

However, t h e pu rpose o f t h i s e x p e r i m e n t was t o i n v e s t i g a t e 

b i n o c u l a r f i x a t i o n o f t h e s e s t i m u l i , r a t h e r than t o i n v e s t i g a t e t h e 

f u n c t i o n a l c h a r a c t e r i s t i c s o f t h e s t i m u l i . I t wou ld seem a n e c e s s a r y . 

F o o t n o t e A p r e c i s e c r i t e r i o n o f what i s , and what i s n o t , b i n o c u l a r 
f i x a t i o n o f a l l s t i m u l i i s no t p o s s i b l e . However, i f t h e o p t i c a x i s 
d i v e r g e n c e sco red between c o n d i t i o n s i s v e r y s i m i l a r , and i f t h e 
v a r i a b i l i t y o f t h i s d i v e r g e n c e i s a l s o sma l l f o r each s t i m u l u s 
p r e s e n t a t i o n , t h i s seems a c o n v i n c i n g d e m o n s t r a t i o n o f c o n v e r g e n c e . 
Fo r e v e r y one o f t h e s e 9 Ss t h e ave rage d i v e r g e n c e sco red f o r each 
s t i m u l u s p r e s e n t a t i o n was w i t h i n 1 o f i t s o v e r a l l a v e r a g e . 



c o n c l u s i o n t h a t a l l o f t h e s e 9 Ss were b i n o c u l a r l y f i x a t i n g a l l o f 

t h e s e s t i m u l i . • 

Sub j e c t s 2 , 3 and 15 For t h e s e t h r e e Ss t h e maximum d i f f e r e n c e i n 

t h e s c o r e d o p t i c a x i s d i v e r g e n c e between c o n d i t i o n s was l a r g e ( 1 0 . 9 8 ° , 

o ° 

4 . 62 and 2.74 ) . The d i s t r i b u t i o n s o f t h i s v a r i a b l e , f o r each 

s t i m u l u s p r e s e n t a t i o n , a r e shown i n F i g u r e 7 . 6 , f o r t hese Ss . I n 

a l l cases t h e r e i s a d e f i n i t e peak o f t h e d i s t r i b u t i o n s , bu t t o 

some p r e s e n t a t i o n s ( t h e t r i a n g l e - a n d - s q u a r e , and t h e a r r a y o f squares 

f o r S2 ; t h e t r i a n g l e - a n d - s q u a r e f o r Ss 3 and 1 5 ) , t h e d i s t r i b u t i o n i s 

n e g a t i v e l y skewed, w h i c h a c c o u n t s f o r t h e s m a l l e r ave rage d i v e r g e n c e 

o f t h e e y e s , and t h e l a r g e v a r i a b i l i t y , i n t hese c o n d i t i o n s ( t a b l e 

7 . 3 ) . I n t he o t h e r s t i m u l u s c o n d i t i o n s ( t h e v e r t i c a l s t r i p f o r a l l 

t h r e e Ss , and t h e a r r a y o f squares f o r S 1 5 ) , t h e sco red d i v e r g e n c e 

has a s m a l l r a n g e , and i t seems p r o b a b l e t h a t i n t hese cases t h e Ss 

were m a i n t a i n i n g a w e l l - d i r e c t e d b i f o v e a l f i x a t i o n o f t h e s t i m u l i : 

each e y e ' s f i x a t i o n p o s i t i o n was sco red as b e i n g , o n a v e r a g e , w i t h i n 

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

Because t h e d i s t r i b u t i o n s f o r each S ( F i g u r e 7 .6 ) peak i n 

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

were t a k e n , i t wou ld seem p o s s i b l e t h a t t h e s e Ss were c o n v e r g i n g some 

o f t h e t i m e i n t h e more d o u b t f u l c o n d i t i o n s , even though t h e range 

o f t h e d i s t r i b u t i o n s i s l a r g e . For t h i s r e a s o n , t h e f i x a t i o n r e c o r d s * 

f o r t h e s e Ss ( F i g u r e 7.7) have been d i v i d e d ( f o r t he d o u b t f u l 

c o n d i t i o n s ) , t o s e p a r a t e l y show t h o s e o c c a s i o n s when t h e o p t i c a x i s 

d i v e r g e n c e sugges ted t h a t S was c o n v e r g i n g , and t hose when S d i d not 

seem t o be c o n v e r g i n g . T h i s d i v i s i o n was made i n t h e f o l l o w i n g manner, 

d e s c r i b e d f o r S2: t h e a v e r a g e sco red o p t i c a l d i v e r g e n c e o f each eye 

was 7 .35° when S was (p resumab l y ) b i n o c u l a r l y f i x a t i n g t h e v e r t i c a l 

s t r i p ; t h e e y e s ' f i x a t i o n p o s i t i o n s f o r t h o s e o c c a s i o n s when t h e 



- 2 4 -20 -16 -12 - 8 - 4 0 4 8 12 16 20 

12 16 20 

2 0 1 

15-̂  

10 

54 

12 16 

VERT STRIP 

••••••••AANDn 

SQUARES 

> I I r 
-24 -20 -16 -12 - 8 -4 

F i g u r e 7 . 6 D i s t r i b u t i o n s o f t h e sco red o p t i c a x i s d i v e r g e n c e f o r 
s u b j e c t s 2 , 3 and 15 , e x p e r i m e n t 1 1 . The axes o f each g raph a r e 
t h e same as t h o s e o f F i g u r e s 7 .1 and 7 . 4 . 
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F i g u r e 7 .7 V i s u a l f i x a t i o n r e c o r d s o f s u b j e c t s 2 , 3 and 15, e x p e r i m e n t 
1 1 . For f u r t h e r e x p l a n a t i o n , see t e x t . 



d i v e r g e n c e was 7 - 2 ° i n t h e o t h e r s t i m u l u s c o n d i t i o n s a r e shown 

i n F i g u r e 7 .7 as " c o n v e r g i n g " , and t h e d e r i v e d f i x a t i o n s when t h e 

d i v e r g e n c e was o u t s i d e t h i s range a r e shown as " n o t c o n v e r g i n g . " 

S i m i l a r s e p a r a t i o n s a r e shown i n t h i s F i g u r e f o r Ss 3 and 15. 

When S2 was " c o n v e r g i n g " t o t h e t r i a n g l e - a n d - s q u a r e , t h e square 

was p r i m a r i l y s e l e c t e d f o r v i e w i n g , and more f i x a t i o n s were o n -

t a r g e t ( t h o s e s c o r e d as b e i n g on o r w i t h i n t h e c o n t o u r s o f t h e 

f i g u r e s ) t han when S2 was " n o t c o n v e r g i n g . " The number o f o n - t a r g e t 

f i x a t i o n s was 16 o u t o f a t o t a l o f 23, and 17 o u t o f 23, f o r t h e r i g h t 

and l e f t e y e s , r e s p e c t i v e l y , when S2 was " c o n v e r g i n g " , and were 19 

o u t o f a t o t a l o f 5 1 , and 18 o u t o f 51 f o r t h e r i g h t and l e f t eyes 

when S2 was " n o t c o n v e r g i n g . " t e s t s ( S i e g e l , 1956) were c a r r i e d 

o u t on t h e s e f r e q u e n c i e s , f o r t h e l e f t eye and r i g h t eye da ta 

s e p a r a t e l y . These compar i sons i n d i c a t e t h a t t h e r e were more o n - t a r g e t 

f i x a t i o n s when S was presumed t o be c o n v e r g i n g (X^ , r i g h t eye = 6 .58 , 

p , t w o - t a i l e d , < . 0 2 ; X^ , l e f t eye = 9 . 4 2 , p , t w o - t a i l e d , < . 0 1 ) . 

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

s q u a r e s does not sugges t any o b v i o u s d i f f e r e n c e s i n t h e l o c a t i o n o f 

f i x a t i o n s between c o n d i t i o n s f o r t h i s S , and s t a t i s t i c a l compar isons 

o f t h e da ta were no t made. 

The f i x a t i o n r e c o r d s f o r S4 f o r t h e t r i a n g l e - a n d - s q u a r e show 

t h a t , when S4 was presumed t o be c o n v e r g i n g , t h e r e was a t i g h t e r 

g r o u p i n g o f f i x a t i o n s t h a n when S was j u d g e d t o be not c o n v e r g i n g . 

However , >^ t e s t s c a r r i e d o u t on t h e number o f o n - t a r g e t f i x a t i o n s d i d 

no t I n d i c a t e a s i g n i f i c a n t d i f f e r e n c e I n t h e l o c a t i o n o f f i x a t i o n s 

between t h e two c o n d i t i o n s . 

S i m i l a r a n a l y s e s were c a r r i e d o u t on t h e da ta f o r S15 i n t h e 

t r i a n g l e - a n d - s q u a r e c o n d i t i o n . The X^ t e s t c a r r i e d o u t on t h e r e s u l t s 

f r o m t h e l e f t eye gave a s i g n i f i c a n t v a l u e (X^ = 8 . 3 9 , p , t w o - t a i l e d , 



< . 0 1 ) . For t h i s e y e , 15 o u t o f a t o t a l o f 34 f i x a t i o n s were o n -

t a r g e t when S was " c o n v e r g i n g " ; when S was " n o t c o n v e r g i n g " 35 o u t 

o f 46 f i x a t i o n s were o n - t a r g e t . T h u s , t h e r e s u l t s i n d i c a t e t h a t 

t h e l e f t eye o f t h i s S was f i x a t i n g o n - t a r g e t a g r e a t e r number o f 

t i m e s when S was j u d g e d t o be no t c o n v e r g i n g t han when S was j u d g e d 

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

r e s u l t s f r o m S2 i n t h i s e x p e r i m e n t . I t i s p o s s i b l e t h a t S15 was 

m a i n t a i n i n g m o n o c u l a r f i x a t i o n o f t h e t r i a n g l e i n t h e " n o t c o n v e r g i n g " 

cond i t i o n . 

C l e a r l y , t h e r e i s no g u a r a n t e e t h a t t h e c r i t e r i o n adop ted f o r 

s e p a r a t i n g i n s t a n c e s o f conve rgence was a c t u a l l y s u c c e s s f u l . A l t h o u g h 

t h e s e Ss were p r o b a b l y f i x a t i n g t h e v e r t i c a l s t r i p b i n o c u l a r l y (and 

S15 was f i x a t i n g t h e a r r a y o f squares b i n o c u l a r l y ) , t h e r e s u l t s 

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

i t w o u l d appear t o be t h e case t h a t , when newborn b a b i e s do no t 

c o n v e r g e t o a s t i m u l u s , t h e r e i s no s i n g l e a l t e r n a t i v e mode o f 

f i x a t i o n a d o p t e d . A s i m i l a r c o n c l u s i o n was reached when Ss ' a p p a r e n t 

f i x a t i o n s t o a s t i m u l u s p r e s e n t e d a t a 5 i n c h v i e w i n g d i s t a n c e were 

c o n s i d e r e d ( e x p e r i m e n t 8 ) . 

S u b j e c t s 10, 11 and 12 The f i x a t i o n r e c o r d s f o r t hese Ss , f o r 

b o t h eyes i n a l l s t i m u l u s c o n d i t i o n s , a r e shown i n F i g u r e 7 . 8 . The 

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

F i g u r e 7 . 9 . 

The l e f t eye o f SIO was sco red as b e i n g , on a v e r a g e , 0 .22 inches 

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

e y e , on t h e o t h e r h a n d , was an a v e r a g e o f 1.88 inches t o t h e r i g h t o f 

t h e s t i m u l u s c e n t r e - good e v i d e n c e t h a t t h i s S was m o n o c u l a r l y 

v i e w i n g t h e s t i m u l u s . The sma l l v a r i a b i l i t y o f t h e sco red d i v e r g e n c e 

(SD = 1 .58° ) s u g g e s t s t h a t t h e r i g h t eye was moving c o n j u g a t e l y w i t h 
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t h e o n - t a r g e t l e f t e y e . T h i s S c o u l d have been f i x a t i n g t h e o t h e r 
s t i m u l i b i f o v e a l l y , i n w h i c h case t h e a n g l e a l p h a wou ld have a 
magni t u d e o f 13 - 1^ ° . 

Bo th eyes o f S l l were s c o r e d as b e i n g , on a v e r a g e , w i t h i n 1 i n c h 

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

a v e r a g e d i v e r g e n c e ( 1 ^ . 9 1 ° ) i s somewhat l e s s t han i n t h e o t h e r two 

s t i m u l u s c o n d i t i o n s ( 1 7 . 2 9 ° and 1 7 . 3 0 ° , t a b l e 7 . 3 ) , t h i s S c o u l d have 

been f i x a t i n g a l l t h r e e s t i m u l i b i n o c u l a r l y , a t e n t a t i v e c o n c l u s i o n 

s t r e n g t h e n e d by t h e marked o v e r l a p i n t h e d i s t r i b u t i o n s shown f o r t h i s 

S i n F i g u r e 7 . 9 . 

A s i m i l a r a s s e r t i o n canno t be made f o r S12. The v e r y l a r g e 

o p t i c a l s e p a r a t i o n o f each eye when S was shown the v e r t i c a l s t r i p 

(a s c o r e d v a l u e o f 2 1 . 2 9 ° ) , and t h e l a r g e v a r i a b i l i t y o f t h i s 

d i v e r g e n c e i n t h e o t h e r c o n d i t i o n s ( g i v e n i n t a b l e 7 . 3 , and g r a p h i c a l l y 

p r e s e n t e d . i n F i g u r e 7 . 9 ) , sugges t t h a t t h i s S d i d no t c o n s i s t e n t l y 

c o n v e r g e t o any o f t h e s t i m u l i . The f i x a t i o n r eco rds f o r t h e v e r t i c a l 

s t r i p s t i m u l u s a r e o f i n t e r e s t . The l e f t eye was sco red as f i x a t i n g 

].Sk i n ches (on a v e r a g e ) t o t h e l e f t o f t h e s t i m u l u s c e n t r e , and t h e 

r i g h t eye was s c o r e d as f i x a t i n g 1.28 i nches t o t h e r i g h t . The t i g h t 

g r o u p i n g o f f i x a t i o n s ( F i g u r e 7 . 8 ) , f o r t h i s s t i m u l u s , sugges ts t h a t 

t h i s i s a genu ine i n s t a n c e o f t h e eyes " s t r a d d l i n g " t h e s t i m u l u s , as 

i t w e r e . I t can be seen f r o m F i g u r e 7 . 9 t h a t t h e r e i s l i t t l e o v e r l a p ' 

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

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

O c u l a r responses t o t h e d i f f e r e n t s t i m u l i I n t h e f o r e g o i n g d i s c u s s i o n s 

o f t h e r e s u l t s f r o m t h i s e x p e r i m e n t t h e p resence o r absence o f b i n o c u l a r 

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

s u b j e c t s . M e n t i o n w i l l now be made o f t h e o c u l a r responses t o t h e 

d l f f e r e n t s t i m u l i . -
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The r e s u l t s o b t a i n e d f r o m Ss f i x a t i n g t l i e v e r t i c a l s t r i p can 

be i n t e r p r e t e d w i t l i l i t t l e a m b i g u i t y . I t i s c l e a r t h a t t h e m a j o r i t y 

o f Ss f i x a t e d t h i s s t i m u l u s b i f o v e a l l y ( t h e e x c e p t i o n s a r e Ss 10 

and 12 , and p o s s i b l y S l l ) . 

The s u b j e c t s a l s o c o n s i s t e n t l y f i x a t e d t h e t r i a n g l e - a n d - s q u a r e . 

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

b u t t h e r e was no o v e r a l l i n d i c a t i o n t h a t one f i g u r e was p r e f e r r e d 

t o t h e o t h e r . As a measure o f o n - c o n t o u r l o o k i n g , t h e number o f 

o n - t a r g e t f i x a t i o n s was c o u n t e d f o r each S. 11 o f t h e 15 Ss had more 

f i x a t i o n s o n - t a r g e t t h a n o f f - t a r g e t ( t h e e x c e p t i o n s a r e Ss 2 , 1 1 , 12 , 

and 13: n e i t h e r o f t h e s e Ss ' eyes was o n - t a r g e t more than 50% o f t h e 

t i m e ) . I f t h e a r e a o f o n - t a r g e t f i x a t i o n s i s ex tended t o i n c l u d e a l l 

f i x a t i o n s w i t h i n 1 i n c h o f t h e o u t e r c o n t o u r s o f t h e s t i m u l u s 

f i g u r e s , a l l Ss were o n - t a r g e t i n o v e r 50% o f t h e sco red f r a m e s , 

wi t h b o t h e y e s . 

The r e v e r s e h o l d s t r u e f o r t h e a r r a y o f s q u a r e s . For e v e r y 

s u b j e c t t h e r e were more f i x a t i o n s , f o r each e y e , o f f - t a r g e t than 

o n - t a r g e t , O n - t a r g e t f i x a t i o n s were d e f i n e d as t h o s e sco red as 

f a l l i n g w i t h i n , o r on t h e c o n t o u r s o f , any o f t h e s t i m u l u s s q u a r e s . 

I t does no t seem l i k e l y t h a t t h e l e v e l o f \v<v^\i^«mc^ o f t h e squares 

( 2 0 f t . L) was a v e r s i v e , as a h i g h e r l e v e l o f )uM'in(&MNc€ ( 35 .6 

a p p a r e n t f o o t c a n d l e s ) was f o u n d by Hershenson OSSk) t o a t t r a c t 

n e w b o r n s ' v i s u a l a t t e n t i o n . As was m e n t i o n e d p r e v i o u s l y , i t i s 

p o s s i b l e t h a t some Ss were s e e i n g a b l a c k c r o s s a g a i n s t a w e l l - l i t 

s u r r o u n d . 

DISCUSSION The r e s u l t s f r o m t h e e x p e r i m e n t s r e p o r t e d i n t h i s c h a p t e r 

a r e c o n s i d e r a b l y more v a r i e d t h a n t h o s e f r o m e x p e r i m e n t s 7 and 8 . 

N e v e r t h e l e s s , i t i s p o s s i b l e t o draw some d e f i n i t e c o n c l u s i o n s f r o m 

t h e s e r e s u l t s . I t I s c l e a r t h a t many o f t h e bab ies used as s u b j e c t s 
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i n e x p e r i m e n t s 9 and 11 were c o n v e r g i n g t o a l l t h e s t i m u l i p r e s e n t e d 

( a t l e a s t f o u r , and p o s s i b l y f i v e , o f t h e e i g h t s u b j e c t s i n e x p e r i m e n t 

9 , and a t l e a s t n i n e , and p o s s i b l y more , o f t h e f i f t e e n s u b j e c t s i n 

e x p e r i m e n t 1 1 ) . T h i s i s e v i d e n c e d by t h e c l o s e co r respondence o f 

t h e w i t h i n - S magn i t udes o f t h e sco red o p t i c a x i s d i v e r g e n c e between 

s t i m u l u s c o n d i t i o n s , by t h e sma l l range and v a r i a b i 1 i t y o f t h e sco red 

d i v e r g e n c e , and by t h e f a c t t h a t t h e a v e r a g e d i v e r g e n c e f o r each o f 

t h e s e Ss (a measure o f t h e magn i t ude o f t h e a n g l e a l p h a ) i s c l o s e t o 

t h e 8 . 5 ° (ave rage) e x p e c t e d . 

Because o f t h e v a r i a b i l i t y n o r m a l l y e n c o u n t e r e d w i t h newborn 

s u b j e c t s , t h e s e f i n d i n g s show t h a t most newborn bab ies have good 

c o o r d i n a t i o n between t h e two e y e s , and possess t h e a b i l i t y t o 

b i n o c u l a r l y f i x a t e an a p p r o p r i a t e l y p r e s e n t e d s t i m u l u s . I t i s 

t h e r e f o r e sugges ted t h a t b i n o c u l a r f i x a t i o n by t h e newborn i s no t 

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

N e v e r t h e l e s s , i t i s e q u a l l y c l e a r t h a t many o f t h e newborn 

s u b j e c t s were no t c o n s i s t e n t l y f i x a t i n g t h e s t i m u l i b i n o c u l a r l y . 

I t was men t i oned e a r l i e r t h a t when a newborn i s no t c o n v e r g i n g , t he 

f i x a t i o n r e c o r d s o b t a i n e d a r e no t s y s t e m a t i c a l l y d i f f e r e n t ( i n any 

c o n s i s t e n t manner) f r o m t h o s e r e c o r d s o b t a i n e d when newborns a r e 

c l e a r l y c o n v e r g i n g ( t h i s a p p l i e s b o t h w i t h i n and between S s ) . Because 

T o f such v a r i a b i l i t y , t h e method o f p r e s e n t i n g t h e e x p e r i m e n t a l r e s u l t s * 

i n t h i s c h a p t e r has been g r a p h i c a l , t a b u l a r , and d e s c r i p t i v e , r a t h e r 

t h a n s t a t i s t i c a l . 

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

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

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

t h e s i s . 
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CHAPTER 8 

SUMMARY AND CONCLUSIONS 

1 . INTRODUCTION I n t h i s f i n a l c h a p t e r a b r i e f summary w i l l f i r s t 

be g i v e n o f t h e p r e v i o u s c h a p t e r s . I n t he nex t s e c t i o n some c o n 

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

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

v i s i o n w i l l be g i v e n , and t h e magn i t ude o f t h e a n g l e a l p h a i n n e o n a t e s , 

t o g e t h e r w i t h i t s range and v a r i a b i l i t y , ( d e r i v e d f r o m t h e e x p e r i m e n t s 

i n c h a p t e r s 6 and 7 ) , w i l l be d i s c u s s e d . I n t h e f o u r t h s e c t i o n some 

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

t h i s t h e s i s , and r e l a t e d f i n d i n g s , w i l l be g i v e n , and i n t h e f i n a l 

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

r e s e a r c h a rea c o v e r e d by t h i s t h e s i s made. 

2 . SUMMARY I n Chap te r 1 m e n t i o n was made o f r e s e a r c h t h a t i s 

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

o f t h i s t h e s i s . F a c t o r s i n f l u e n c i n g t h e newborn b a b y ' s a b i l i t y a n d / o r 

d e s i r e t o l o o k a t s t i m u l i were d i s c u s s e d : t h e s e i n c l u d e ' t h e i n f a n t ' s 

s t a t e and o r i e n t a t i o n , t h e s i z e o f t h e s t i m u l u s , and t he d i s t a n c e a t 

w h i c h i t i s p r e s e n t e d . 

The l i m i t e d d a t a on accommodat ion and v i s u a l a c u i t y suggest t h a t 

t h e newborn i s e q u i p p e d w i t h s u f f i c i e n t r e s o l v i n g power t o be 

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

T h e r e i s c o n s i d e r a b l e e v i d e n c e t h a t t h e newborn i s w e l l a b l e t o 

move h i s eyes i n a c o n j u g a t e f a s h i o n . I t wou ld seem t o be e q u a l l y 

c l e a r t h a t t h e neona te does not possess t h e a b i l i t y t o f i x a t e 

b i n o c u l a r l y . However , most p r e v i o u s r e s e a r c h e r s have been unaware 

t h a t t h e o p t i c and v i s u a l axes o f t h e eye do not c o i n c i d e , and have 

assumed t h a t o p t i c a l d i v e r g e n c e o f t h e two eyes means t h a t t h e y a r e 
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a l s o v i s u a l l y d i v e r g e n t . 

I n t h e f i n a l s e c t i o n o f t h e f i r s t c h a p t e r t he deve lopment o f t he 

c o r n e a l r e f l e c t i o n t e c h n i q u e was d e s c r i b e d ( i . e . , S a l a p a t e k and Kessen , 

1 9 6 6 ) . These r e s e a r c h e r s , and l a t e r u s e r s o f t h e t e c h n i q u e , have 

assumed t h a t t h e i r method o f s c o r i n g t h e f i l m reco rds i s a c c u r a t e i n 

p l a c i n g t h e newborns ' l i n e o f s i g h t t o w i t h i n a few degrees o f v i s u a l 

a n g l e . The r e s e a r c h r e p o r t e d i n subsequent c h a p t e r s o f t he t h e s i s 

shows t h a t t h i s i s no t t h e c a s e . 

I n Chap te r 2 t h e r e s u l t s f r o m seven t e s t i n g sequences ( w i t h 

a d u l t Ss) were g i v e n . Each o f t h e s e sequences was c a r r i e d o u t t o 

d e t e r m i n e t he a c c u r a c y o f t h e c o r n e a l r e f l e c t i o n t e c h n i q u e , and I n 

most o f them t h e s u b j e c t s f i x a t e d a s e r i e s o f p o i n t s a t a 10 I n c h 

v i e w i n g d i s t a n c e . 

When i n d i v i d u a l l y d e r i v e d " f i x a t i o n maps" a r e a v a i l a b l e , t he 

t e c h n i q u e I s a c c u r a t e i n p l a c i n g t h e l i n e o f s i g h t I n subsequent 

f i x a t i o n s t o w i t h i n 32° (and p r o b a b l y b e t t e r ) , However, i t was c l e a r 

t h a t t h e c e n t r e o f t h e p u p i l does not a lways r e p r e s e n t t he l i n e o f 

s i g h t . Two e f f e c t s were f o u n d . When an ( a d u l t ) S f i x a t e s t h e c e n t r e 

p o i n t w i t h i n t h e s t i m u l u s a rea t h e p u p i l c e n t r e i s seen h o r i z o n t a l l y 

d i s p l a c e d by some 4 ° v i s u a l a n g l e f r o m t h e c o r n e a l r e f l e x o f t h e 

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

I n t h e two e y e s . When S f i x a t e s away f r o m m i d l i n e a p a r a l l a x e f f e c t • 

i s f o u n d , w h i c h seems t o s t a b i l i z e w i t h more p e r i p h e r a l f i x a t i o n s . 

T h i s e f f e c t means t h a t t h e p u p i l c e n t r e w i l l be d i s p l a c e d most f r om 

t h e c o r n e a l r e f l e c t i o n o f t h e s t i m u l u s as t h e r i g h t eye f i x a t e s t o 

t h e r i g h t , and t h e l e f t eye f i x a t e s t o t h e l e f t . 

The e x p e r i m e n t s r e p o r t e d I n Chap te r 3 were des igned t o i n v e s t i g a t e 

t h e c o r n e a l r e f l e c t i o n t e c h n i q u e w i t h n e o n a t e s . In e x p e r i m e n t s 3 and 

k a v e r t i c a l a r r a y o f l i g h t s was p r e s e n t e d t o newborns I n v a r i o u s 



p o s i t i o n s w i t h i n t h e s t i m u l u s f i e l d . The r e s u l t s f r o m these two 

e x p e r i m e n t s i n d i c a t e t h a t b o t h o f t h e ma jo r e f f e c t s f ound i n a d u l t s 

( t h e c e n t r a l e f f e c t and t h e o f f - a x i s e f f e c t ) , a r e found a l s o i n 

n e o n a t e s , and have a g r e a t e r m a g n i t u d e . 

I n Chap te r k c o n s i d e r a t i o n was g i v e n t o t h e a n a t o m i c a l and 

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

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

f i x a t e d t a r g e t . 

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

o f t h e v i s u a l a x i s t o t h e o p t i c a x i s i n t h e eye ( t he a n g l e a l p h a ) . 

The o f f - a x i s p a r a l l a x e f f e c t ( " p r o j e c t i v e d i s t o r t i o n " ) o c c u r s because 

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

o f a t a r g e t does no t c o i n c i d e w i t h t h e p o s i t i o n o f t he e n t r a n c e p u p i l : 

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

c o r n e a , and t h e d e p t h o f t h e a n t e r i o r chamber . The l a t t e r v a r i a b l e 

i s a f f e c t e d by t h e e y e ' s s t a t e o f accommodat ion . 

The e x p e c t e d and o b s e r v e d magn i tudes o f b o t h e f f e c t s a r e i n c l o s e 

ag reement f o r b o t h t h e a d u l t and t h e neona te d a t a : t h e d i f f e r e n c e s 

i n t h e magn i tudes o f t h e e f f e c t s can be accoun ted f o r by d i f f e r e n c e s 

i n t h e s i z e and shape o f t h e a d u l t and newborn e y e s . 

I n Chap te r 5 o b j e c t i o n s t o t h e f o r e g o i n g r esea rch f i n d i n g s were 

d i s c u s s e d , S a l a p a t e k , H a i t h , Maurer and Kessen ( 1 9 7 2 ) , a rgue t h a t 

t h e s e f i n d i n g s may be a r t i f a c t u a l , and sugges ted t h a t an ave rage 

c o r r e c t i o n shou ld no t be a p p l i e d t o i n d i v i d u a l c a s e s . The most v a l i d , 

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

and o p t i c a l v a r i a b l e s s a t i s f a c t o r i l y accoun t f o r t h e obse rved f i n d i n g s : 

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

I n Chap te r 6 e x p e r i m e n t s were r e p o r t e d i n w h i c h t h e newborns ' 

a b i l i t y t o f i x a t e b i n o c u l a r l y was i n v e s t i g a t e d . I n a l l o f t hese 

e x p e r i m e n t s , b o t h o f t h e Ss ' eyes were p h o t o g r a p h e d , and s t i m u l i a t 
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d i f f e r e n t d i s t a n c e s were p r e s e n t e d . 

A r r a y s o f l i g h t s , equa ted f o r l uminance and r e t i n a l Image s i z e , 

were p r e s e n t e d a t d i s t a n c e s o f 10 and 20 Inches I n e x p e r i m e n t 7 . The 

newborns f r o m whom r e s u l t s were t a k e n f i x a t e d b o t h s t i m u l i b i f o v e a l l y , 

and t h e sco red o p t i c a l d i v e r g e n c e o f t h e eyes i n c r e a s e d as Ss f i x a t e d 

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

I n e x p e r i m e n t s 5 and 8 s t i m u l i were p r e s e n t e d a t d i s t a n c e s o f 

5 and 10 i nches f r o m t h e e y e s . To t h e 10 I n c h s t i m u l u s (an a r r a y 

o f l i g h t s ) , I t was a p p a r e n t t h a t m o s t , i f no t a l l , o f t h e newborn 

s u b j e c t s were f i x a t i n g b i f o v e a l l y . The same was not t h e case f o r 

t h e s t i m u l u s p r e s e n t e d a t 5 i nches (a s i n g l e , sma l l l i g h t i n 

e x p e r i m e n t 5 , and an a r r a y o f l i g h t s I n e x p e r i m e n t 8 ) : some Ss f i x a t e d 

t h e s t i m u l u s m o n o c u l a r l y , w h i l s t o t h e r s d i d not appear t o f i x a t e i t 

a t a l l . T h i s r e s u l t was a c c o u n t e d f o r by t h e newborn ' s i n a b i l i t y 

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

I n two o f t h e e x p e r i m e n t s r e p o r t e d i n Chap te r 7 ( e x p e r i m e n t s 

9 and 1 1 ) , s t i m u l u s v a r i a b l e s o t h e r t han d i s t a n c e were m a n i p u l a t e d , 

t o see w h e t h e r o r no t newborn Ss w i l l conve rge t o a v a r i e t y o f 

s t i m u l i t h a t a t t r a c t t h e i r v i s u a l a t t e n t i o n . Exper imen t 10 was a 

l o n g i t u d i n a l s t u d y , c a r r i e d o u t on one baby who had been a s u b j e c t 

i n e x p e r i m e n t 9 . 

I n e x p e r i m e n t 9 a l a r g e , w h i t e t r i a n g l e and an " e d g e " s t i m u l u s • 

we re s e p a r a t e l y p r e s e n t e d . Th ree s t i m u l i were p r e s e n t e d i n 

e x p e r i m e n t 1 1 . Each was o f a c o n s t a n t l uminance (20 f t . L . ) . The 

f i r s t was a. v e r t i c a l s t r i p , 6 x j I n c h ; t h e second was a sma l l t r i a n g l e 

and s q u a r e , p r e s e n t e d t o g e t h e r ; t h e t h i r d was an a r r a y o f s q u a r e s , 

each o f 2 Inches w i d e . 

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

m o s t . I f no t a l l , normal newborn bab ies a r e a b l e t o f i x a t e an 
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a p p r o p r i a t e l y p r e s e n t e d s t i m u l u s b i f o v e a l l y , and t h a t b i n o c u l a r f i x a 

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

t i o n , 

3 . CONCLUSIONS I t i s c l e a r l y d e m o n s t r a t e d t h a t t h e c e n t r e o f t h e 

p u p i l does no t r e p r e s e n t t h e l i n e o f s i g h t . Those r e s e a r c h e r s who 

f a i l t o a p p l y a p p r o p r i a t e c o r r e c t i o n f a c t o r s t o t he da ta t hey c o l l e c t 

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

w h i c h an image o f t h e s t i m u l u s i s seen (o r i n f e r r e d ) on t h e eye 

( i . e . , F a n t z , 1956, 1961: Bagshaw, Mackwor th and P r i b r a m , 1970; 

M a c k w o r t h , 1968; Mackwor th and O t t o , 1 9 7 0 ) , w i l l be i n e r r o r i n 

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

and r e l a t e d , f i n d i n g s , w i l l be men t i oned I n t h e next s e c t i o n . The 

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

t h e n e o n a t a l d a t a I s d i s c u s s e d b e l o w . 

A , B i n o c u l a r f i x a t i o n and b i n o c u l a r v i s i o n Most newborn bab ies 

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

t h e e y e . Whether t h e newborn a l s o has b i n o c u l a r v i s i o n remains t o 

be s e e n . I n a d d i t i o n t o r e q u i r i n g a c c u r a t e s i m u l t a n e o u s monocu la r 

f i x a t i o n by b o t h e y e s , b i n o c u l a r v i s i o n I s f u r t h e r c h a r a c t e r i z e d by , 

(a) a senso ry c o r r e s p o n d e n c e sys tem o r g a n i z e d about t h e foveas as 

c e n t r e , (b) s i m i l a r i t y o f t h e f i n a l o c u l a r Images ( c o r t i c a l ) f r om 

each e y e , and (c ) senso ry u n i f i c a t i o n o f t h e two o c u l a r Images, so 

t h a t a s i n g l e image i s seen (Morgan, 1 9 6 3 ) . A l t e r n a t i v e s t o b i n o c u l a r 

v i s i o n , w h i l s t p e r m i t t i n g b i n o c u l a r f i x a t i o n , m igh t be , ( i ) t h e I n p u t 

f r o m one eye o n l y I s " p r o c e s s e d " , t h a t f r o m t h e o t h e r b e i n g s u p p r e s s e d , 

( i i ) t h e v i s u a l i n p u t f r o m b o t h eyes I s a l t e r n a t e l y p r o c e s s e d , and 

( I I I ) t h e i n p u t f r o m b o t h eyes i s s i m u l t a n e o u s l y p r o c e s s e d , bu t 

s e p a r a t e l y . The re d o e s , however , seem t o be no reason why t h e newborn 

baby s h o u l d not h a v e . b i n o c u l a r v i s i o n . 
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T h e r e wou ld appear t o be good reasons why b i n o c u l a r f i x a t i o n 

s h o u l d be e s t a b l i s h e d as t h e dominant mode o f f i x a t i o n as e a r l y as 
p o s s i b l e i n l i f e . Hubel and W iese l (1963, 1 9 6 8 ) , have d e s c r i b e d 
c e l l s i n t he s t r i a t e c o r t e x o f t h e c a t and monkey t h a t a r e s e l e c t i v e l y 
r e s p o n s i v e t o h i g h l y s p e c i f i c r e t i n a l s t i m u l a t i o n . The a rea o f t h e 
r e t i n a t o w h i c h a p a r t i c u l a r c e l l i s r e s p o n s i v e i s known as I t s 
r e t i n a l r e c e p t i v e f i e l d . These c e l l s a r e a l s o found i n t he v i s u a l l y 
I n e x p e r i e n c e d k i t t e n , and a p p r o x i m a t e l y 80% o f them a r e b i n o c u l a r l y 
d r i v e n . The re i s reason f o r s u p p o s i n g t h a t c e l l s o f a s i m i l a r n a t u r e 
a r e t o be found w i t h i n t h e human v i s u a l sys tem ( i . e . , B lakemore , 
Muncey and R i d l e y , 1971 ; W e i s s t e i n , 1 9 6 9 ) . I f , i n t h e k i t t e n , t h e 
normal deve lopment o f b i n o c u l a r v i s i o n i s i n t e r r u p t e d (by monocu la r 
v i s u a l d e p r i v a t i o n o f one eye f r o m t h e t i m e o f normal eye o p e n i n g , 
by a l t e r n a t e l y d e p r i v i n g each e y e , so t h a t a t no t i m e a r e b o t h eyes 
o p e n , o r by a r t i f i c i a l l y c r e a t i n g a s q u i n t ) , t h e p r o p o r t i o n o f c e l l s 
d r i v e n b i n o c u l a r l y f a l l s d r a m a t i c a l l y f r o m I t s p r e v i o u s l e v e l o f 80% 
t o l e v e l s o f 9% and 20%, There may be seve re b e h a v i o u r a l d e f e c t s i f 
t h e k i t t e n , a f t e r t h e e x p e r i m e n t a l d e p r i v a t i o n . I s o n l y a l l o w e d t h e 
use o f t h e d e p r i v e d eye : r e c o v e r y e f f e c t s may be v e r y l i m i t e d . There 
a r e a l s o c r i t i c a l p e r i o d s , e a r l y I n t h e k i t t e n ' s l i f e , d u r i n g w h i c h 
t h e e x p e r i m e n t a l , v i s u a l d e p r i v a t i o n w i l l be most pronounced (Dews and 
W i e s e l , 1970; Hubel and W i e s e l , 1965, 1970; W iese l and H u b e l , 1963, • 
1965A, 1965B) , 

I f s i m i l a r e f f e c t s were t o be p r e s e n t i n humans t h e n a monocu la r 

s t a r t t o l i f e wou ld be a d i s t i n c t d i s a d v a n t a g e , 

B. Observed a l t e r n a t i v e s t o b i n o c u l a r f i x a t i o n I t i s a p p a r e n t t h a t . 

I n some o f t h e e x p e r i m e n t s d e s c r i b e d i n t h i s t h e s i s , a few bab ies 

do no t conve rge t o some o r a l l o f t h e p r e s e n t e d s t i m u l i . One oT" more 

o f s e v e r a l a l t e r n a t i v e modes o f f i x a t i o n a r e then a d o p t e d : 
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(a ) M o n o c u l a r f i x a t i o n T h i s f o r m o f f i x a t i o n i s common when t he 
s t i m u l u s I s p r e s e n t e d c l o s e t o t h e eyes ( e x p e r i m e n t 8 ) , H e r e , t h e 
o n - t a r g e t eye m a i n t a i n s f i x a t i o n o f t h e s t i m u l u s , w h i l s t t h e f e l l o w 
eye i s d i v e r g e n t f r o m , bu t c o n j u g a t e w i t h , t h e v i e w i n g e y e . V e r y 
few c l e a r i n s t a n c e s o f m o n o c u l a r f i x a t i o n a r e seen when t h e s t i m u l u s 
i s p r e s e n t e d a t 10 i n c h e s (SIO o f e x p e r i m e n t 11 o b v i o u s l y m o n o c u l a r l y 
f i x a t e d a s t i m u l u s a t 10 i n c h e s ) , 

(b ) " S t r a d d l i n g " t h e s t i m u l u s T h i s f o r m o f f i x a t i o n i s where 

t h e S ' s l e f t eye l o o k s t o t h e l e f t o f t h e s t i m u l u s , and t h e r i g h t eye 

l o o k s t o t h e r i g h t . When t h e sco red o p t i c a x i s d i v e r g e n c e I s l a r g e 

I t i s o f t e n not p o s s i b l e t o say w h e t h e r t h i s f o r m o f f i x a t i o n has 

been a d o p t e d , o r w h e t h e r i t i s s i m p l y t h e case t h a t t h e a n g l e a l pha 

I s l a r g e . S i n c e t h i s f o r m o f f i x a t i o n i s uncommon, one suspec ts t h e 

l a t t e r f o r S2 o f e x p e r i m e n t 5 , and S6 o f e x p e r i m e n t 8 ( sco red o p t i c 

a x i s d i v e r g e n c e s o f 1 7 . 5 ° and 1 7 . 0 1 ° , r e s p e c t i v e l y ) . The o n l y c l e a r 

i n s t a n c e o f " s t r a d d l i n g " I s by S12 o f e x p e r i m e n t 1 1 , t o t h e v e r t i c a l 

s t r i p s t i m u l u s , 

(c ) " V a r i a b l e " T h i s mode o f f i x a t i o n does n o t , p e r h a p s , c o n s t i t u t e 

" f i x a t i o n " a t a l l . When t h i s a p p a r e n t mode o f f i x a t i o n I s shown the 

two eyes do no t work c l o s e l y t o g e t h e r i n a c o n j u g a t e f a s h i o n ; t h e 

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

p l a n e ) i s v e r y v a r i a b l e , and S engages i n f a i r l y e x t e n s i v e o c u l a r 

a c t i v i t y ; t h e d e r i v e d f i x a t i o n s do no t bear any c l e a r r e l a t i o n s h i p 

t o t h e c o n t o u r s o f t h e s t i m u l u s f i g u r e . Examples o f t h i s f o r m o f 

" f i x a t i o n " a r e Ss 1 and k o f e x p e r i m e n t 9 . 

C. B i n o c u l a r f i x a t i o n I n a l l ( no rma l ) newborns? The s i m p l e v i e w , 

s u p p o r t e d t o some e x t e n t by t h e e x p e r i m e n t s p r e s e n t e d i n t h i s t h e s i s , 

w o u l d be t h a t t h e (no rma l ) newborn I s w e l l equ ipped t o f i x a t e 

b i n o c u l a r l y , and w l l . l m a n i f e s t t h i s a b i l i t y when a s u i t a b l e s t i m u l u s I s 
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shown: when S does no t f i x a t e b i n o c u l a r l y , t h i s I s because h i s a t t e n t i o n 
i s e l s e w h e r e - I . e . , he may be f u s s i n g , c r y i n g , e l i m i n a t i n g , 
h i c c o u g h i n g , o r u n d e r g o i n g a change o f s t a t e . 

An a t t e m p t was made, t h r o u g h o u t t h e r e p o r t e d e x p e r i m e n t s , t o 

m o n i t o r t h e S ' s s t a t e , and t o n o t e i n s t a n c e s i n w h i c h S may not have 

been a t t e n d i n g t o t h e s t i m u l u s . For some o f t hose Ss who d i d not 

c o n s i s t e n t l y conve rge i t was n o t e d t h a t S had been , f o r examp le , 

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

o t h e r S s , f r o m whom good r e s u l t s were o b t a i n e d , were s i m i l a r l y 

a n n o t a t e d . The re were o t h e r i n s t a n c e s where S appeared a t t e n t i v e 

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

a c t i v i t y . . The re was , t h a t I s , no o b v i o u s r e l a t i o n s h i p between t h e 

a u t h o r ' s s u b j e c t i v e i m p r e s s i o n o f each S and t h e f i l m r e c o r d s . For 

t h i s r e a s o n , t h i s v a r i a b l e has no t been d i s c u s s e d under t he s e p a r a t e 

e x p e r i m e n t s : t h e v a r i a b i l i t y I n h e r e n t i n t h i s s u b j e c t p o p u l a t i o n h a s . 

a l r e a d y been m e n t i o n e d . Because no o b v i o u s r e l a t i o n s h i p was f o u n d , 

t h i s does n o t , o f c o u r s e , mean t h a t t h e r e I s n ' t one - I t w o u l d . I n d e e d , 

be s u r p r i s i n g i f t h e r e were no t a r e l a t i o n s h i p between S 's s t a t e and 

h i s a b i l i t y a n d / o r d e s i r e t o v i e w v i s u a l s t i m u l i . However, d u r i n g 

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

s w i t c h i n g t h e camera , h o l d i n g t h e baby , and so f o r t h , and c a r e f u l 

m o n i t o r i n g o f t h e S ' s s t a t e , and r e l a t e d v a r i a b l e s , was not p o s s i b l e . " 

D, The a n g l e a l p h a , and t h e a c c u r a c y o f t h e c o r r e c t i o n f a c t o r s I n 

e x p e r i m e n t s 5 t o 1 1 , b o t h o f t h e newborns ' eyes were p h o t o g r a p h e d . 

From t h o s e Ss who gave c l e a r e v i d e n c e o f b i n o c u l a r f i x a t i o n i t I s 

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

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

s c o r i n g t h e f i l m r e c o r d s ( d e t a i l e d i n Chap te r 6 ) , For t h e 50 Ss who 

c l e a r l y conve rged i n . t h e s e e x p e r i m e n t s t h e ave rage magn i tude o f t h e 



a n g l e a l p h a was 8 , 6 3 ° , and t h e s t a n d a r d d e v i a t i o n was 2 . 8 ^ + ° ' . The 

a n g l e a l p h a , f o r i n d i v i d u a l S s , ranged f r o m 2 , 7 7 ° t o 1 5 . 9 7 ° . Only 

two o f t h e sco red v a l u e s d i f f e r f r o m the ave rage v a l u e by more than 

5 ° . The d i s t r i b u t i o n o f t h e sco red v a l u e s i s shown i n F i g u r e 8 , 1 , 

The a v e r a g e v a l u e ( 8 . 6 3 ° ) I s v e r y c l o s e t o t h a t v a l u e ( 8 . 5 ° ) used i n 

t h e c o r r e c t i o n s . However , a " b i n o c u l a r e f f e c t " was f ound i n t e s t i n g 

sequence 7 o f C h a p t e r 2 , A d i s c u s s i o n o f t h e cause o f t h e e f f e c t 

( C h a p t e r i f ) s u g g e s t s t h a t , i n e x p e r i m e n t s 5 t o 1 1 , t h e sco red v a l u e 

o f t h e a n g l e a l p h a w i l l u n d e r e s t i m a t e I t s a c t u a l v a l u e by some 1 , 3 ° . 

T h u s , t h e a n g l e a l p h a I n newborns c o u l d be somewhat h i g h e r (about 

10°) t h a n t h e v a l u e s g i v e n h e r e . N e v e r t h e l e s s , g i v e n t h a t t h e r e i s 

some i n t e r s u b j e c t v a r i a b i l i t y , an ave rage c o r r e c t i o n u s i n g a v a l u e 

o f 8 , 5 ° w i l l be a c c u r a t e I n p l a c i n g t h e l i n e o f s i g h t t o w i t h i n 5 ° 

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

Two o f t h e s u b j e c t s seen (S2 o f e x p e r i m e n t 5 , and S6 o f expe r imen t 

8 ) , were c o n s i d e r e d " d o u b t f u l " c o n v e r g e r s , because o f t h e magn i tude 

o f t h e s c o r e d d i v e r g e n c e o f t h e o p t i c a x i s ( 1 7 . 5 ° and 1 7 . 0 1 ° , 

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

a v e r a g e a n g l e a l p h a , t h i s a v e r a g e becomes 8 , 9 6 ° , w i t h a s t a n d a r d 

d e v i a t i o n o f 3 . 2 5 ° . 

S i n c e t h e sco red magn i t ude o f t h e o f f - a x i s p a r a l l a x e f f e c t I s 

I n f l u e n c e d by t h e m a g n i t u d e o f t h e a n g l e a l p h a , i t does not seem 

p o s s i b l e t o a r r i v e a t an i ndependen t measure o f t h e a c c u r a c y o f t h e 

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

t h e t a r g e t p o s i t i o n w i t h o f f - a x i s v i e w i n g . N e v e r t h e l e s s , i n e x p e r i m e n t s • 

F o o t n o t e For t h o s e k Ss who converged t o t h e t r i a n g l e and edge 
s t i m u l i o f e x p e r i m e n t 9 , t h e a v e r a g e sco red d i v e r g e n c e was used i n 
a r r i v i n g a t t h e s e f i g u r e s : f o r most o f t h e o t h e r Ss t h e sco red 
d i v e r g e n c e f o r S v i e w i n g t h e a r r a y o f l i g h t s , o r t h e v e r t i c a l s t r i p , 
p r e s e n t e d a t a v i e w i n g d i s t a n c e o f 10 i n c h e s , was u s e d . 



CN 
00 

CK O 

4-1 

j : c 
4-1 (U 

E 
U -
O 

(U 
>. a . 
4-> X 

. — (U 
r— 

H -
o 

(D 
. — CN 
u to 

> 1 

-
"in 1-
(D 

14- CD 
0 l_ 

(U 
(U > 1- c 

o 
t/i o (D 
0) T— 

E 
4 -

OJ 4-1 
JD 

o 
o •o • c - c 
OJ 0 
CD (U . -

^ 4-1 
(U 1- D 
> JD 

•o 
'—v 4-1 

l/l 4-1 l/l 
. — X — 
X (U "u 
(D 4-" 

O Q) ._ 
. — 0) 
4-1 Ul 4-1 
Q. 
o C 

T> — 
•o (U 
(U CD "D 
I_ 1- Q) 
o o 
I/) 

(U 

0) -D 
> Zl 
c -— 
o o o c 
o 

O (D 
c to I 
O 

— <U C» 
4-1 in 
D O 4-1 

J3 ^ C 
. - 4-1 <D 
!- E 
in O 1-

— t|- 0) 
Q a . 

^ X 
ro 0) 

JZ 
• CL 14-

00 ^ o 
(0 

(1) vD 
1- 0) to 
3 — 
U) C7I-D 
— c c 
11. nj (U 

ADN3nD3yd 



216 

5 , 7 , 8 , 10 and 11 a h a l f - i n c h w ide v e r t i c a l a r r a y o f l i g h t s , o r 

s t r i p o f l i g h t , was used as one o f t h e s t i m u l i , w i t h a v i e w i n g d i s t a n c e 

o f 10 i n c h e s : t h i s s t i m u l u s was shown i n v a r i o u s l o c a t i o n s i n t h e 

s t i m u l u s f i e l d . The f a c t t h a t most o f t h e Ss ' f i x a t i o n s o f t h i s 

t a r g e t were s c o r e d ( w i t h t h e o f f - a x i s c o r r e c t i o n i n c l u d e d ) as b e i n g , 

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

t h e r i g h t eye no r t h e l e f t eye b e i n g more " o n - t a r g e t " , sugges ts t h a t 

t h e o f f - a x i s e f f e c t f ound i n e x p e r i m e n t s 3 and k is a t r u e i n d i c a t i o n 

o f t h e magn i t ude o f t h i s e f f e c t . 

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

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

i s a p p a r e n t t h a t t h e e f f e c t s d e s c r i b e d under e x p e r i m e n t s 3 and k were 

f r o m neona tes f i x a t i n g f o v e a l l y , and t h e d i s c r e p a n c i e s found a r e a 

r e l i a b l e r e p r e s e n t a t i o n o f t h e d i s c r e p a n c i e s t o be expec ted by f u t u r e 

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

k. IMPLICATIONS FOR PREVIOUS RESEARCH The i m p l i c a t i o n s o f t h e 

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

( e s p e c i a l l y C h a p t e r s 1 t o 5 ) , and t h e a u t h o r ' s I n t e n t i o n I n t h e 

p r e s e n t s e c t i o n I s t o r a i s e some p o i n t s t h a t have no t been d i s c u s s e d 

e a r l i e r , . A d d i t i o n a l l y , r e l a t e d f i n d i n g s w i l l be d e s c r i b e d , t h a t have 

d i r e c t r e l e v a n c e t o r e s e a r c h I n t o newborns ' v i s i o n , 

A , B r i g h t n e s s s e n s i t i v i t y D o r i s and Cooper (1966) measured t he OKN 

( f o l l o w i n g ) r e s p o n s e , I n newborns and o l d e r i n f a n t s , t o a moving f i e l d 

2 

o f b l a c k and w h i t e s t r i p e s . The lum inance o f t h e f i e l d was v a r i e d , 

and t h e minimum i n t e n s i t y e l i c i t i n g t h e f o l l o w i n g response was 

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

unde rgoes r a p i d deve lopment I n t h e f i r s t two months o f l i f e " ( p 3 l ) . 

2 
F o o t n o t e T h i s e x p e r i m e n t was a l s o d e s c r i b e d i n Chap te r 3, 
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However , t h e i r s t r i p e d p a t t e r n was p r e s e n t e d v e r y c l o s e t o t h e eyes : 

" T h e i n f a n t ' s eyes were a p p r o x i m a t e l y f o u r i nches f r om t h e sc reen 

when t h r e s h o l d e s t i m a t i o n s were made. A c h i l d was s t a r t e d w i t h h i s 

eyes a t a p p r o x i m a t e l y s i x i n ches f r o m t h e s c r e e n , bu t when a response 

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

was reduced t o 4 i n c h e s " ( p 3 2 ) . 

The r e s u l t s f r o m e x p e r i m e n t 8 (Chapter 6 o f t h i s t h e s i s ) , and 

t h e a v a i l a b l e da ta on t h e newbo rn ' s accommodat ive a b i l i t y (Haynes, 

W h i t e and H e l d , 1965; W h i t e , 1 9 7 1 ) , a r e a c l e a r i n d i c a t i o n t h a t 

newborns canno t f o c u s on s t i m u l i c l o s e r t h a n a p p r o x i m a t e l y 7j i n c h e s , 

and when s t i m u l i a r e p r e s e n t e d a t v e r y near d i s t a n c e s t hey w i l l e i t h e r 

n o t l o o k a t t hem, o r w i l l f i x a t e m o n o c u l a r l y . The newborn ' s a p p a r e n t 

r e l u c t a n c e t o f i x a t e s t i m u l i a t nea r d i s t a n c e s may n o t , i n f a c t , 

g r o s s l y i n t e r f e r e w i t h t h e e l l c i t a t l o n o f t h e ( r e f l e x ) OKN response . 

But i t i s p r o b a b l e t h a t what D o r i s and Cooper were measur ing was 

n o t h i n g more t h a n t h e deve lopment o f accommodat ive a b i l i t y , and t h e i r 

c o n c l u s i o n s c o n c e r n i n g t h e deve lopment o f b r i g h t n e s s s e n s i t i v i t y 

a r e p r o b a b l y e r r o n e o u s . 

T h i s a g a i n r a i s e s t h e q u e s t i o n o f t h e v i s i b i l i t y o f t h e marker 

l i g h t s t o newborns ( t h e b u l b f i l a m e n t s o f t h e i l l u m i n a t o r s were 

v i s i b l e t o t h e a d u l t as a d u l l red g low: w a v e l e n g t h s above 800nm, 

and be low lOOOnm, were t r a n s m i t t e d t h r o u g h t he two f i l t e r s p l a c e d 

i n f r o n t o f each i l l u m i n a t o r ) . G r i f f i n , Hubbard and Wald (19^7) 

measured t h e s e n s i t i v i t y o f t h e a d u l t human eye t o i n f r a r e d r a d i a t i o n . 

A t 800nm, t h e fovea I s l e s s s e n s i t i v e by a f a c t o r o f 3 .9 x 10 ^ than 

a t i t s maximum s e n s i t i v i t y ( t o g reen l i g h t a t a w a v e l e n g t h o f 555nm). 

A t lOOOnm, t h e fovea I s l e s s s e n s i t i v e by a f a c t o r o f 2 .2 x 10 

t h a n a t I t s maximum. S i n c e s p e c t r a l s e n s i t i v i t y c u r v e s a r e no t y e t 

a v a i l a b l e f o r newbo rns , i t I s no t p o s s i b l e t o d e c i d e whe the r t h e 
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marke r l i g h t s can be seen by them. However, as was s t a t e d e a r l i e r 
(Chap te r 3 ) , none o f t h e s u b j e c t s used I n t h e p r e s e n t e x p e r i m e n t s 

appea red t o respond t o t h e s e l i g h t s . 

B. V i s u a l a c u i t y A t l e a s t t h r e e s t u d i e s have been c a r r i e d o u t t o 

d e t e r m i n e v i s u a l a c u i t y I n newborns . A l l t h r e e o f t hese s t u d i e s have 

p r o v i d e d d i f f e r e n t e s t i m a t e s o f t h e n e o n a t e ' s a c u i t y , ^ These 

d i f f e r e n c e s can be a c c o u n t e d f o r by f a c t o r s t h a t a r e w e l l known t o 

a f f e c t v i s u a l a c u i t y , name ly , accommodat ive b l u r and l u m i n a n c e . 

U s i n g t h e OKN f o l l o w i n g r e s p o n s e , Gorman, Cogan and G e l l l s ( 1 9 5 7 ) , 

r e p o r t e d t h a t t h e n e w b o r n ' s a c u i t y i s a t l e a s t t h e e q u i v a l e n t o f 

2 0 / 6 7 0 ( S n e l l e n n o t a t i o n ) , a l t h o u g h t h e r e was u s u a l l y no response t o 

a 2 0 / 2 2 2 s t i m u l u s . However, D a y t o n , J o n e s , A I u , Rawson, S t e e l e and 

Rose ( 1 9 6 4 ) , f ound a p o s i t i v e OKN response t o t a r g e t s w i t h a S n e l l e n 

n o t a t i o n o f 2 0 / 1 5 0 , a s e p a r a t i o n t h a t t h e da ta o f Gorman e t a l , 

w o u l d sugges t i s w e l l beyond t h e r e s o l v i n g power o f t h e newborn . 

These d i f f e r e n c e s a r e s i m p l y e x p l a i n e d by t h e e y e - t o - t a r g e t d i s t a n c e s 

used i n t h e two s t u d i e s : Gorman e t a l . p r e s e n t e d t h e i r moving s t r i p e d 

p a t t e r n s a t a v i e w i n g d i s t a n c e o f 6 i n c h e s , a d i s t a n c e t h a t wou ld 

r educe t h e n e w b o r n ' s a c u i t y because o f accommodat ive b l u r ; Dayton 

e t a l . p r e s e n t e d t h e i r s t i m u l i a t 14 .5 - 1 ' . Inch, Gorman e t a l , do 

n o t g i v e t h e l um inance o f t h e i r s t r i p e d p a t t e r n s ; In t h e s t u d y by 

Day ton e t a l , , t h e i \ \o^v^^^ oAioA o f t h e t a r g e t s was a p p r o x i m a t e l y 2 5 ' 

f o o t c a n d l e s . 

F a n t z , Ordy and U d e l f (1962) measured v i s u a l a c u i t y u s i n g b o t h 

t h e " v i s u a l p r e f e r e n c e method" and t h e OKN response . W i t h t he v i s u a l 

p r e f e r e n c e method i t was f ound t h a t i n f a n t s under 1 month responded 

t o s t r i p e d p a t t e r n s w i t h a S n e l l e n e q u i v a l e n t o f 2 0 / 8 0 0 , The •|ilu^yv;̂ ^^J l̂8A 

F o o t n o t e ^ These e x p e r i m e n t s were a l s o d i s c u s s e d i n Chap te r 1 . 
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o f t h e s t i m u l i was abou t k f o o t c a n d l e s , and i n f a n t s up t o s i x 

months o f age were a l s o t e s t e d . I n e x p e r i m e n t 3 o f t h e i r s t u d y , t hey 

r e p e a t e d t h e e x p e r i m e n t w i t h i n f a n t s f r om 7 t o 29 weeks o f age (a younger 

age range was no t t e s t e d ) , w i t h a h i g h e r l e v e l o f i l l u m i n a t i o n o f 

t h e s t i m u l i ( abou t 12 f o o t c a n d l e s ) , and a t each age range t h e t h r e s h o l d 

f o r p a t t e r n was l o w e r . 

C. O t h e r a r t i f a c t s and f a i l u r e s t o r e p o r t Ne l son ( 1 9 6 8 ) , r e p o r t e d 

an e x p e r i m e n t i n w h i c h i n f a n t s f r o m 6 t o 19 weei<s o f age were p r e s e n t e d 

r e p e t i t i o n s o f a l e f t t o r i g h t row sequence o f s i x l i g h t s . Each l i g h t 

was on f o r e s e e , w i t h no pause between e x t i n c t i o n o f one l i g h t and 

o n s e t o f t h e n e x t i n t h e sequence . The l i g h t s were spaced two i nches 

a p a r t , and t h e who le s t i m u l u s a r r a y cove red an a r e a - ^ x 1 2 ^ i n c h e s . 

The c e n t r e o f t h e s t i m u l u s a r r a y was some 11 inches above each S 's 

r i g h t eye ( t h e r i g h t eye o n l y was r eco rded f r o m ) . The method o f 

r e c o r d i n g eye p o s i t i o n changes was t h e same as t h a t r e p o r t e d by 

S a l a p a t e k and Kessen ( I 9 6 6 ) , a l t h o u g h v i d e o - t a p e , r a t h e r than 

p h o t o g r a p h i c , r e c o r d s were t a k e n . The i n v e s t i g a t i o n was an a t t e m p t 

t o o b s e r v e changes i n v i s u a l responses w i t h s u c c e s s i v e p r e s e n t a t i o n s 

o f t h e l i g h t sequence . The c r i t e r i o n o f a " h i t " ( I . e . , whe the r t he 

i n f a n t was f i x a t i n g t h e l i g h t t h a t was on a t a g i v e n moment ) , was 

" . . . w h e t h e r o r no t t h e p u p i l o f t h e i n f a n t ' s eye c e n t e r e d on the 

c o r n e a l r e f l e c t i o n o f t h e s t i m u l u s l i g h t " ( 1968 , p l 9 7 ) . i t i s c l e a r , ' 

f r o m t h e r e s u l t s p r e s e n t e d I n t h i s t h e s i s , t h a t as t he r i g h t eye 

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

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

i n c r e a s e , and t h i s must have b e e n . t h e case i n N e l s o n ' s s t u d y . However, 

no m e n t i o n o f t h i s sou rce o f e r r o r i s t o be found i n h i s a r t i c l e . 

McKenzie and Day (1972; t h i s e x p e r i m e n t was a l s o men t i oned i n 

C h a p t e r s 1 and k) , r e p o r t e d t h a t i n f a n t s ' l o o k i n g t i m e bears a l i n e a r 



220 
r e l a t i o n s h i p t o t h e d i s t a n c e a t w h i c h t h e s t i m u l u s i s p r e s e n t e d f r o m 
t h e e y e s . They used F a n t z ' s (1956) v i s u a l p r e f e r e n c e method o f r e c o r d 
i n g f i x a t i o n s , and o b s e r v e d t h e s u b j e c t s t h r o u g h a peepho le i n f r o n t 
o f , and t o t h e r i g h t o f , t h e s u b j e c t s . They do no t s p e c i f y w h i c h o f 
t h e s u b j e c t s ' eyes t h e y o b s e r v e d , bu t i t must have been t he r i g h t eye : 
r e s e a r c h e r s who a t t e m p t e d t o r e p l i c a t e t h e i r i m p o r t a n t f i n d i n g wou ld 
be u n a b l e t o do so i f t h e y were t o o b s e r v e t h e l e f t e y e . 
C o n c l u s i o n s The e x p e r i m e n t s m e n t i o n e d i n t h i s s e c t i o n a r e e v i d e n c e , 
(a) t h a t a r t i f a c t s w i l l c o n t i n u a l l y r e c u r i f use rs o f t he c o r n e a l 
r e f l e c t i o n t e c h n i q u e w i t h i n f a n t s f a i l t o a p p l y c o r r e c t i o n s t o t h e i r 
d a t a f o r t h e d i s p a r i t i e s o f t h e p u p i l c e n t r e f r o m t h e r e f l e c t i o n o f 
t h e s t i m u l u s , and (b) t h a t some p r e v i o u s l y r e p o r t e d (and c u r r e n t l y 
a c c e p t e d ) r e s e a r c h f i n d i n g s a r e i n e r r o r because t h e a p p r o p r i a t e o p t i c a l 
p rob lems have no t been c o n s i d e r e d . ^ W h i l e t h e r e i s much y e t t o be 
l e a r n t abou t t h e f u n c t i o n i n g o f t h e newborn e y e , s u f f i c i e n t appears 
t o be i<nown a t t h e p r e s e n t t i m e t h a t f u t u r e e x p e r i m e n t e r s i n t h i s 
a rea can a v o i d t h e w o r s t hazards t h a t have b e f a l l e n e a r l y i n v e s t i g a t o r s , 
5 . SUGGESTIONS FOR FURTHER RESEARCH Research i n t o i n f a n t v i s i o n , l i k e 
i t s s u b j e c t s , i s i n i t s ' i n f a n c y . For t h a t reason i t wou ld be p o s s i b l e 
t o g i v e a l i s t o f e x p e r i m e n t s t h a t one wou ld l i k e t o see c a r r i e d o u t 
i n t o e a r l y v i s u a l f u n c t i o n ( f o r e x a m p l e , such b a s i c f u n c t i o n s as 

4 
F o o t n o t e These r e m a r k s , and t h o s e i n t h e p r e c e d i n g p a r a g r a p h , a r e 
no t i n t e n d e d as a c r i t i c i s m o f t h e f i n d i n g s o f Ne lson ( I 9 6 8 ) , o r o f 
McKenz ie and Day ( 1 9 7 2 ) . 

F o o t n o t e ^ T h i s l a s t remark i s no t i n t e n d e d as a c r i t i c i s m o f t hose 
e x p e r i m e n t s d i s c u s s e d under " b r i g h t n e s s s e n s i t i v i t y " and " v i s u a l 
a c u i t y " i n t h i s s e c t i o n : when t h e s e e x p e r i m e n t s were c a r r i e d o u t 
t h e paper by Haynes , W h i t e and H e l d ' ( 1 9 6 5 ) , on accommodat ion i n 
i n f a n t s , had no t been p u b l i s h e d . 



221 

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

c o l o u r v i s i o n , f o r m p e r c e p t i o n ) . For t h e p r e s e n t p u r p o s e s , however , 

a f ew s u g g e s t i o n s w i l l be made t h a t a r e d i r e c t l y r e l e v a n t t o t h e 

r e s e a r c h c o v e r e d i n t h i s t h e s i s . 

C e r t a i n l i m i t a t i o n s o f t h e r e c o r d i n g t e c h n i q u e used by t h e 

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

i d e a l f o r r e c o r d i n g eye p o s i t i o n , and eye movements, i n newborn b a b i e s . 

However , r e c o r d i n g a t a r a t e o f two f rames per second means t h a t some 

changes o f f i x a t i o n a r e m i s s e d , and i t i s no t p o s s i b l e t o o b t a i n 

a c l e a r idea o f what i s h a p p e n i n g d u r i n g t h o s e t i m e s when t h e newborn 

makes many eye movements i n a s h o r t p e r i o d o f t i m e . For two r e a s o n s , 

c o n t i n u o u s r e c o r d i n g was no t used : 

( i ) The c o s t o f f i l m , and p r o c e s s i n g , when r e c o r d i n g a t two f rames 

pe r s e c o n d , i s s m a l l . C o n t i n u o u s r e c o r d i n g ( I . e . , a t a r a t e o f I 6 

f r ames p e r second) w o u l d make t h e c o s t p r o h i b i t i v e , however . 

A d d i t i o n a l l y , a t a speed o f 16 f rames per second each r o l l o f f i l m 

(125 f e e t ) wou ld l a s t f o r 5 m i n u t e s - a l e n g t h o f t ime t h a t t h e camera 

wou ld n o r m a l l y be " o n " f o r a s i n g l e s u b j e c t . T h u s , w i t h c o n t i n u o u s 

r e c o r d i n g i t wou ld be p o s s i b l e t o see o n l y one baby , o r two a t t h e 

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

( i i ) To a n a l y z e t h e da ta i n f u l l , f o r a s i n g l e S i n a s i n g l e 

s t i m u l u s c o n d i t i o n , t a k e s s e v e r a l h o u r s . The a u t h o r was r e l u c t a n t 

t o I n c r e a s e t h e a n a l y z i n g t i m e by a f a c t o r o f 8 . 

The o b v i o u s answer t o t h i s p rob lem i s v i d e o t a p e r e c o r d i n g . I t 

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

i n f r a r e d - s e n s i t i v e t u b e s . Such a sys tem was d e s c r i b e d by H a l t h ( 1 9 6 9 ) . 

The use o f CCTV reduces t h e p rob lems d e s c r i b e d : t he v i d e o t a p e , s i n c e 

I t can be used many t i m e s , . i s I n e x p e n s i v e ; f r o m v i e w i n g t h e r e c o r d i n g s 
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i t wou ld be p o s s i b l e t o s e l e c t t h o s e few seconds r e q u i r e d f o r 
a n a l y z i n g . 

W i t h t h i s method o f r e c o r d i n g i t wou ld be p o s s i b l e t o s p e c i f y 

what I s happen ing d u r i n g t h o s e i n s t a n c e s when t h e eyes a p p a r e n t l y 

go " o u t o f c o n t r o l " ( i . e . , when marked o c u l a r a c t i v i t y i s p r e s e n t ) . 

i t i s no t y e t known w h e t h e r neonates w i l l a l s o b i n o c u l a r l y 

f i x a t e a mov ing s t i m u l u s . C o n j u g a t e movement o f t h e eyes wou ld 

a p p e a r t o be t h e r u l e when neona tes make a p p r o p r i a t e v i s u a l 

f o l l o w i n g movements, bu t i t may be t h a t when t he ( r e f l e x ) OKN 

p u r s u i t I s e l i c i t e d t h e (p resumab l y ) more v o l u n t a r y b i f o v e a l f i x a t i o n 

b r e a k s down. What a c t u a l l y happens remains t o be seen . 

A t t i m e s . I t i s c l e a r , newborns ' eyes a r e not b i f o v e a l l y d i r e c t e d . 

L o n g i t u d i n a l s t u d i e s w i l l p r o b a b l y be necessa ry b e f o r e one can 

s p e c i f y t h e I n d i v i d u a l d i f f e r e n c e s i n t h e deve lopment o f c o n s i s t e n t 

b i n o c u l a r f i x a t i o n . T h u s , . c o r r e c t i o n s f o r t h e a n g l e a l p h a , and f o r . 

t h e o f f - a x i s para 1 l a x e f f e c t , c o u l d be a p p l i e d t o t h e e a r l y r e c o r d s , 

on an I n d i v i d u a l b a s i s , f r o m l a t e r r e c o r d s d u r i n g w h i c h the S was 

seen t o be c o n v e r g i n g . 

One f u r t h e r a d v a n t a g e o f CCTV r e c o r d i n g i s t h a t I t I s p o s s i b l e 

t o s e e , i n a m o n i t o r , what t h e baby i s d o i n g w i t h h i s eyes a t t he 

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

can o n l y be seen when t h e f i l m has been d e v e l o p e d ) . T h i s opens up 

many i n t e r e s t i n g e x p e r i m e n t a l p o s s i b i l i t i e s : f o r examp le , s t i m u l i 

c o u l d be p r e s e n t e d i n t h a t a rea o f t h e s t i m u l u s f i e l d t h a t t h e baby 

I s known t o be l o o k i n g a t . 

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

t h e r e s u l t s p r e s e n t e d i n t h i s t h e s i s . I t has p r e v i o u s l y been men t ioned 

t h a t , when a newborn l ooks a t a s t i m u l u s , h i s f i x a t i o n s a r e 
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c h a r a c t e r i s t i c a l l y w i t h i n a s m a l l a r e a , and f r o m t h e bes t r e c o r d s 
o b t a i n e d many l e n g t h s o f f i l m were a v a i l a b l e I n w h i c h each f rame 
c o u l d be s c o r e d . The c o n t r i b u t i o n t o r e s e a r c h I n t o i n f a n t v i s i o n o f 
t h e r e s u l t s p r e s e n t e d I n t h i s t h e s i s I s t w o f o l d . F i r s t l y , i t has 
been d e m o n s t r a t e d t h a t t h o s e r e s e a r c h e r s a r e m i s t a k e n who have 
f o l l o w e d Fan t z (1956) i n assuming t h a t t h e c e n t r e o f t he p u p i l 
r e p r e s e n t s t h e l i n e o f s i g h t , and t h a t t h e c o r n e a l r e f l e c t i o n method 
i n w h i c h t h e t a r g e t i s imaged I n t h e eye r e q u i r e s t h e a p p l i c a t i o n o f 
c e r t a i n c o r r e c t i o n f a c t o r s . T h i s c o n c l u s i o n i s s u p p o r t e d by 
e x p e r i m e n t a l r e s u l t s , and by t h e o r e t i c a l c o n s i d e r a t i o n s . S e c o n d l y , 
t h e r e s u l t s f r o m e x p e r i m e n t s 5 t h r o u g h 11 a r e t h e f i r s t d e m o n s t r a t i o n 
t h a t t h e newborn baby has t h e a b i l i t y t o f i x a t e an a p p r o p r i a t e l y 
p r e s e n t e d s t i m u l u s b i n o c u l a r l y . 



224 

BIBLIOGRAPHY 

ALPERN, M. V i s i o n . I n M. A l p e r n , M. Lawrence & D. W o l s k , Sensory 

P r o c e s s e s . B r o o k s / C o l e P u b l i s h i n g Company: C a l i f o r n i a , 1969. 

ALPERN, M . , LOWENSTEIN, 0 . , & LOEWENFELD, I . E . Accommodat ion and 

t h e p u p i l . I n H, Davson ( E d . ) , The Eye. V o l . 3 . New York : 

Academic P r e s s , 1962. 

AMES, E.W., & SILFEN, C.K. M e t h o d o l o g i c a l i s sues i n t h e s t u d y o f 

age d i f f e r e n c e s I n i n f a n t s ' a t t e n t i o n t o s t i m u l i v a r y i n g I n 

movement and c o m p l e x i t y , 1965. Repo r ted I n M, He rshenson , 

Development o f t h e p e r c e p t i o n o f f o r m . P s y c h o l o g i c a l B u l l e t i n , 

1967 , 6 7 , 3 2 6 - 3 3 6 . 

ARONSON, E . , & ROSENBLOOM, S. Space p e r c e p t i o n i n e a r l y i n f a n c y : 

p e r c e p t i o n w i t h i n a common a u d i t o r y - v i s u a l space . S c i e n c e , 

1971 , Vn, 1161-1163 . 

ASHTON, R. The s t a t e v a r i a b l e i n n e o n a t a l r e s e a r c h : a r e v i e w . 

M e r r I 1 1 - P a I m e r Q u a r t e r l y o f B e h a v i o r and Deve lopment , 1973. 

19, 3 - 2 0 . 

BAGSHAW, M . H . , MACKWORTH, N . H . , & PRIBRAM, K .H . Method f o r r e c o r d i n g 

and a n a l y z i n g v i s u a l f i x a t i o n s i n t h e u n r e s t r a i n e d monkey. 

P e r c e p t u a l and Mo to r S k i l l s , 1970, 31, 2 1 9 - 2 2 2 . 

BARTEN, S . , BIRNS, B . , & R0NCH, .J . I n d i v i d u a l d i f f e r e n c e s i n t h e 

v i s u a l p u r s u i t b e h a v i o r o f n e o n a t e s . C h i l d Deve lopment , 1971 i 

^ , 3 1 3 - 3 1 9 . 

BARTLETT, N.R. T h r e s h o l d s as dependent on some ene rgy r e l a t i o n s and 

c h a r a c t e r i s t i c s o f t h e s u b j e c t . I n C.H. Graham ( E d . ) , V i s i o n 

and V i s u a l P e r c e p t i o n . John W i l e y & Sons , I n c . , 1965. 

BENNETT, A . G . & FRANCIS, J . L . R e f l e x i o n a t p l a n e and s p h e r i c a l 

s u r f a c e s , a n d . The eye as an o p t i c a l s y s t e m . In H. Davson ( E d . ) , 

The Eye. V o l . k. Academic P ress : New York and London, 1962. 

BELL, R.Q. Some f a c t o r s t o be c o n t r o l l e d I n s t u d i e s o f t h e b e h a v i o r 

o f newborns . B i o l o g y o f t h e N e o n a t e , 1963, 5 , 2 0 0 - 2 1 ^ . 



225 
BLAKEMORE, C , MUNCEY, J . P . J . , S- RIDLEY, R.M. P e r c e p t u a l f a d i n g o f 

a s t a b i l i z e d c o r t i c a l image. N a t u r e , 1971, 2 3 3 , 204-205. 

BOND, E.K. P e r c e p t i o n o f f o r m by t h e human I n f a n t . P s y c h o l o g i c a l 

B u l l e t i n , 1972, 77 , 225-2^5. 

BOWER* T . G . R . The v i s u a l w o r l d o f i n f a n t s . S c i e n t i f i c A m e r i c a n , 

1966, 2J5., 80 -92 . 

BOWER, T .G .R . M o r p h o g e n e t i c p rob lems i n space p e r c e p t i o n . I n 

F. A . Young & D.B. L i n d s l e y ( E d s . ) , E a r l y E x p e r i e n c e and V i s u a l 

I n f o r m a t i o n P r o c e s s i n g i n P e r c e p t u a l and Reading D i s o r d e r s . 

N a t i o n a l Academy o f S c i e n c e : W a s h i n g t o n , D . C . , 1970. 

BOWER, T . G . R . The o b j e c t i n t h e w o r l d o f t h e i n f a n t . S c i e n t i f i c 

A m e r i c a n , 1971 , 225, 30 -38 . 

BOWER, T . G . R . , BROUGHTON, J . M . , & MOORE, M.K. I n f a n t responses t o 

a p p r o a c h i n g o b j e c t s : An i n d i c a t o r o f response t o d i s t a l v a r i a b l e s . 

P e r c e p t i o n and P s y c h o p h y s i c s , 1970, 9, 193-196. 

BRAZELTON, T . B . , SCHOLL, M . L . , & ROBEY, J . S . V i s u a l responses I n 

t h e newborn . P e d i a t r i c s , 1966, 3Z, 284-290. 

BRENNAN, W . M . , AMES, E.W., & MOORE, R.W. Age d i f f e r e n c e s i n i n f a n t s ' 

a t t e n t i o n t o p a t t e r n s o f d i f f e r e n t c o m p l e x i t i e s . S c i e n c e , 1966, 

151. 354-356. 

COLLIGNON-BRACH, J . Etude de la b i o m e t r i e de la co rnee au Moyen 

d ' u n e t e c h n i q u e p h o t o g r a p h i q u e . O p h t h a I m o l o g i c a , 1969, 159, 

442-459. 

COWEY, A . The b a s i s o f a method o f p e r i m e t r y w i t h monkeys. Q u a r t e r l y 

J o u r n a l o f E x p e r i m e n t a l P s y c h o l o g y , 1963, 15 , 81-90. 

COWEY, A . S- WEISKRANTZ, L. A p e r i m e t r i c s t u d y o f v i s u a l f i e l d d e f e c t s 

i n monkeys. Q u a r t e r l y J o u r n a l o f E x p e r i m e n t a l P s y c h o l o g y , 1963, 

15, 9 1 - 1 1 5 . ' 



226 
DAVSON, H. The P h y s i o l o g y o f t h e Eye. London: J . & A . C h u r c h i 1 1 , L t d . , 

1950. 

DAYTON, G.O. ( J r . ) , & JONES, M.H. A n a l y s i s o f c h a r a c t e r i s t i c s o f 

f i x a t i o n r e f l e x I n i n f a n t s by use o f D.C. e l e c t r o - o c u l o g r a p h y . 

N e u r o l o g y , 196if, j k , 1152-1156 . 

DAYTON, G.O. ( J r . ) , JONES, M . H . , A l U , P . , RAWSON, R . A . , STEELE, B . , 

£• ROSE, M. Deve lopmen ta l s t u d y o f c o o r d i n a t e d eye movements i n 

t h e human i n f a n t . 1 . V i s u a l a c u i t y i n t h e newborn human: a s t u d y 

based on Induced o p t o k i n e t i c nystagmus reco rded by e l e c t r o -

o c u l o g r a p h y . A r c h i v e s o f O p h t h a l m o l o g y , 196^+, 71, 8 6 5 - 8 7 0 . 

DAYTON, G.O. ( J r . ) , JONES, M.H. STEELE, B . , £• ROSE, M. Deve lopmenta l 

s t u d y o f c o o r d i n a t e d eye movements I n t h e human i n f a n t . I I . 

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

newborn . A r c h i v e s o f O p h t h a l m o l o g y , 1964, 71, 8 7 1 - 8 7 5 , 

DEWS, P , B . , & WIESEL, T . N . Consequences o f monocu la r d e p r i v a t i o n on 

v i s u a l b e h a v i o u r I n k i t t e n s . J o u r n a l o f P h y s i o l o g y , 1970, 2 0 6 , 

^+37-455. 

DORIS, J . £• COOPER, L. B r i g h t n e s s d i s c r i m i n a t i o n i n I n f a n c y . J o u r n a l 

o f E x p e r i m e n t a l C h i l d P s y c h o l o g y , 1966, 3., 3 1 - 3 9 . . 

DUKE-ELDER, S. ( E d . ) , System o f O p h t h a l m o l o g y . V o l . I I I . Normal 

and abnormal d e v e l o p m e n t . P a r t 1 . Embryo logy , London: Henry 

K I m p t o n , 1963. 

ELLERBROCK, V . J . D e v e l o p m e n t a l , c o n g e n i t a l , and h e r e d i t a r y anoma l ies 

o f t h e e y e . I n M . J . H l r s c h , & R.E. Wick ( E d s . ) , V i s i o n o f 

C h i l d r e n . An O p t o m e t r i c Symposium. C h i l t o n Books: P h i l a d e l p h i a 

and New Y o r k , I963. 

FANTZ, R .L . A method f o r s t u d y i n g e a r l y v i s u a l d e v e l o p m e n t . P e r c e p t u a l 

and M o t o r S k i l l s , 1956, 6 , 1 3 - 1 5 . 



227 

FANTZ, R .L . P a t t e r n v i s i o n i n young i n f a n t s . The P s y c h o l o g i c a l 

R e c o r d , 1958, 8 , 4 3 - 4 7 . 

FANTZ, R.L . The o r i g i n o f f o r m p e r c e p t i o n . S c i e n t i f i c A m e r i c a n , 

1961 , 2 0 4 , 6 6 - 7 2 . 

FANTZ, R .L . P a t t e r n v i s i o n i n newborn i n f a n t s . S c i e n c e , 1963, 140, 

2 9 6 - 2 9 7 . 

FANTZ, R . L . , ORDY, J . M , , & UDELF, M.S. M a t u r a t i o n o f p a t t e r n v i s i o n 

i n i n f a n t s d u r i n g t h e f i r s t s i x mon ths . J o u r n a l o f Compara t i ve 

and P h y s i o l o g i c a l P s y c h o l o g y , I 9 6 2 , 5 5 , 9 0 7 - 9 1 7 . 

GESELL, A . I n f a n t v i s i o n . S c i e n t i f i c A m e r i c a n , 1950, _!_82, 2 0 - 2 2 . 

GIACOMAN, S . L . Hunger and mo to r r e s t r a i n t on a r o u s a l and v i s u a l 

a t t e n t i o n i n t h e i n f a n t . C h i l d Deve lopmen t , 1 9 7 1 , 41' 6 0 5 - 6 1 4 . 

GORMAN, J . J . , COGAN, D . G . , 6- GELLIS, S . S . An a p p a r a t u s f o r g r a d i n g 

t h e v i s u a l a c u i t y o f i n f a n t s on t h e b a s i s o f o p t I c o k i n e t l c 

nys tagmus . P e d i a t r i c s , 1957, 19, 1088-1092. 

GREENBERG, D . J . , & O'DONNELL, W.'J. I n f a n c y and t he o p t i m a l l e v e l o f 

s t i m u l a t i o n . C h i l d Deve lopmen t , 1972, 4 3 , 6 3 9 - 6 4 5 . 

GREENBERG, D . , UZGIRIS, I . C . , & HUNT, J .McV. H a s t e n i n g t h e development 

o f t h e b l i n k response w i t h l o o k i n g . J o u r n a l o f G e n e t i c P s y c h o l o g y , 

1968, 123, 167 -176 . 

GREENBERG, D . J . , £• WEIZMANN, F. The measurement o f v i s u a l a t t e n t i o n 

I n i n f a n t s : a compa r i son o f two m e t h o d o l o g i e s . J o u r n a l o f 

E x p e r i m e n t a l C h i l d P s y c h o l o g y , 1 9 7 1 , H , 2 3 4 - 2 4 3 . 

GREENMAN, G.W. V i s u a l b e h a v i o r o f newborn b a b i e s , i n A . J . S o l n i t , 

& S .A. Provence ( E d s . ) , Modern P e r s p e c t i v e s I n C h i l d Deve lopment . 

New York : I n t e r n a t i o n a l U n i v e r s i t y P r e s s , 1963. 

GRIFF IN , D . R . , HUBBARD, R. , & WALD, G. The s e n s i t i v i t y o f t h e human 

eye t o i n f r a - r e d r a d i a t i o n . J o u r n a l o f t h e O p t i c a l S o c i e t y o f 

A m e r i c a , 1947, 3 7 , 5 4 6 - 5 5 4 . 



228 

HAITH, M.M. V i s u a l s c a n n i n g i n i n f a n t s . Paper read a t Reg iona l S o c i e t y 
f o r Research i n C h i l d Development m e e t i n g s , C l a r k U n i v e r s i t y , 
March 2 8 , 1968. 

HAITH, M.M. I n f r a r e d t e l e v i s i o n r e c o r d i n g and measurement o f o c u l a r 

b e h a v i o r i n t h e human i n f a n t . Amer i can P s y c h o l o g i s t , 1969, 

2k, 2 7 9 - 2 8 3 . 

HARTER, M.R. , & SUITT, C D . V i s u a l l y - e v o k e d c o r t i c a l responses and 

p a t t e r n v i s i o n I n t h e i n f a n t : a l o n g i t u d i n a l s t u d y . Psychonomic 

S c i e n c e , 1970, 18, 2 3 5 - 2 3 7 . 

HAYNES, H . , WHITE, B . L . , & HELD, R. V i s u a l accommodat ion I n human 

I n f a n t s . S c i e n c e , 1965, 5 2 8 - 5 3 0 . 

HEBB, D.O. The O r g a n i z a t i o n o f B e h a v i o r . New York : W i l e y , 19^9 . 

HERSHENSON, M. V i s u a l d i s c r i m i n a t i o n i n t h e human newborn . J o u r n a l 

o f C o m p a r a t i v e and P h y s i o l o g i c a l P s y c h o l o g y , 1964, 5 8 , 2 7 0 - 2 7 6 . 

HERSHENSON, M. Form p e r c e p t i o n i n t h e human newborn . Paper read 

a t t h e Second Annual Symposium, C e n t e r f o r V i s u a l S c i e n c e , 

U n i v e r s i t y o f R o c h e s t e r , J u n e , 1965. 

HERSHENSON, M. Development o f t h e p e r c e p t i o n o f f o r m . P s y c h o l o g i c a l 

B u l l e t i n , 1967, 6 7 , 3 2 6 - 3 3 6 . 

HERSHENSON, M . , KESSEN, W. , & MUNSINGER, H. P a t t e r n p e r c e p t i o n i n 

t h e human newborn : a c l o s e l o o k a t some p o s i t i v e and some n e g a t i v e 

r e s u l t s . I n J . C . M o t t - S m l t h , W. Wathen-Dunn, H. B lum, & 

P. L leberman ( E d s . ) , Symposium on Models f o r t h e P e r c e p t i o n o f 

Speech and V i s u a l Form. M . l . T . P r e s s , 1967. 

HIRSCH, M . J . The r e f r a c t i o n o f c h i l d r e n . In M . J . H i r s c h & R.E. Wick 

( E d s . ) , V i s i o n o f C h i l d r e n . An O p t o m e t r i c S u r v e y . C h i l t o n Books: 

P h i l a d e l p h i a and New Y o r k , 1963. 

HOROWITZ, F . D . , PADEN, L . , BHANA, K . , & SELF, P. An I n f a n t - c o n t r o l 

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

P s y c h o l o g y , 1972, 7 , 9 0 . 



22i 
HOROWITZ, F . D . , PADEN, L . , BHANA, K . , AITCHISON, R . , & SELF, P. 

Deve lopmen ta l changes i n I n f a n t v i s u a l f i x a t i o n t o d i f f e r i n g 

c o m p l e x i t y l e v e l s among c r o s s - s e c t i o n a l l y and l o n g i t u d i n a l l y 

s t u d i e d I n f a n t s . Deve lopmen ta l P s y c h o l o g y , 1972, 7_, 8 8 - 8 9 . 

HUBEL, D . H . , & WIESEL, T . N . R e c e p t i v e f i e l d s o f c e l l s i n s t r i a t e 

c o r t e x o f v e r y y o u n g , v i s u a l l y i n e x p e r i e n c e d k i t t e n s . J o u r n a l 

o f N e u r o p h y s i o l o g y , I 9 6 3 , 2 6 , 9 9 4 - 1 0 0 2 . 

HUBEL, D . H . , & WIESEL, T . N . B i n o c u l a r i n t e r a c t i o n i n s t r i a t e c o r t e x 

o f k i t t e n s r e a r e d w i t h a r t i f i c i a l s q u i n t . J o u r n a l o f 

N e u r o p h y s i o l o g y , 1965, 2 8 , 1041-1059 . 

HUBEL, D . H . , & WIESEL, T . N . R e c e p t i v e f i e l d s and f u n c t i o n a l 

a r c h i t e c t u r e o f monkey s t r i a t e c o r t e x . J o u r n a l o f P h y s i o l o g y , 

1968 , 195, 2 1 5 - 2 4 3 . 

HUBEL, D . H . , £• WIESEL, T . N . The p e r i o d o f s u s c e p t i b i l i t y t o t h e 

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

J o u r n a l o f P h y s i o l o g y , 1970, 2 0 6 , 4 1 9 - 4 3 6 . 

HUGHES, A . Vergence i n t h e c a t . V i s i o n R e s e a r c h , 1972, \2^, 1961-1994. 

KAGAN, J . A t t e n t i o n and p s y c h o l o g i c a l change I n t h e young c h i l d . 

S c i e n c e , 1970, 170, 8 2 6 - 8 3 2 . 

KARMEL, B . Z . The e f f e c t o f a g e , c o m p l e x i t y , and amount o f c o n t o u r 

on p a t t e r n p r e f e r e n c e s i n human i n f a n t s . J o u r n a l o f E x p e r i m e n t a l 

C h i l d P s y c h o l o g y , 1969, 7 , 3 3 9 - 3 5 4 . 

KARMEL, B . Z . , WHITE, C . T . , CLEAVES, W . T . , & STEINSIEK, K . J . A 

t e c h n i q u e t o I n v e s t i g a t e ave raged evoked p o t e n t i a l c o r r e l a t e s 

o f p a t t e r n p e r c e p t i o n I n human I n f a n t s . Paper p r e s e n t e d a t 

m e e t i n g o f t h e E a s t e r n P s y c h o l o g i c a l A s s o c i a t i o n , A t l a n t i c C i t y , 

A p r i l , 1970. C i t e d i n E, Bond, 1972. 

KEIBEL, F . , & MALL, F .P . (Eds . ) Manual o f Human Embryo logy . P h i l a d e l p h i a 

£- London: J . B . L I p p i n c o t t Company, 1912. 



230 

KESSEN, W. S u c k i n g and l o o k i n g : two o r g a n i z e d c o n g e n i t a l p a t t e r n s 

o f b e h a v i o r i n t h e human newborn . I n H.W. S t e v e n s o n , E.H. Hess , 

& H .L . R h e i n g o l d ( E d s . ) , E a r l y B e h a v i o r : Compara t i ve and 

Deve lopmen ta l A p p r o a c h e s . New York : W i l e y , 1967. 

KESSEN, W . , SALAPATEK, P . , & HAITH, M.M. The v i s u a l response o f 

t h e human newborn t o l i n e a r c o n t o u r . J o u r n a l o f E x p e r i m e n t a l 

C h i l d P s y c h o l o g y , 1972 , J3., 9 - 2 0 . 

K I F F , R . D . , & LEPARD, C. V i s u a l response o f p r e m a t u r e i n f a n t s . 

A r c h i v e s o f O p h t h a l m o l o g y , 1966, 7 5 , 6 3 I - 6 3 3 . 

KORNER, A . F . I n d i v i d u a l d i f f e r e n c e s a t b i r t h : I m p l i c a t i o n s f o r 

e a r l y e x p e r i e n c e and l a t e r d e v e l o p m e n t . Amer i can J o u r n a l o f 

O r t h o p s y c h i a t r y , 1 9 7 1 , 41, 6 0 8 - 6 1 9 . 

LARSEN, J . S . The s a g i t t a l g r o w t h o f t h e e y e . 1 . U l t r a s o n i c 

measurement o f t h e d e p t h o f t h e a n t e r i o r chamber f r o m b i r t h 

t o p u b e r t y . A c t a O p h t h a I m o l o g i c a , 1971A, 4 9 , 2 3 9 - 2 6 2 . 

LARSEN, J . S . The s a g i t t a l g r o w t h o f t h e e y e . I I . U l t r a s o n i c 

measurement o f t h e a x i a l d i a m e t e r o f t h e lens and t h e a n t e r i o r 

segment f r o m b i r t h t o p u b e r t y . A c t a O p h t h a I m o l o g i c a , 1971B, 

4 9 , 4 2 7 - 4 4 0 . 

LARSEN, J . S , The s a g i t t a l g r o w t h o f t h e e y e . I I I . U l t r a s o n i c 

measurement o f t h e p o s t e r i o r segment ( a x i a l l e n g t h o f t h e 

v i t r e o u s ) f r o m b i r t h t o p u b e r t y . A c t a O p h t h a I m o l o g i c a , 1971C, 

/+9, 4 4 1 - 4 5 3 . 

LEROY, B . , LEROY, D . , £• LEROY, J . Examen o c u l a i re s y s t e m a t i q u e du 

nouveau - n e . Revue Franca I s e de G y n e c o l o g i e e t d ' O b s t e t r l q u e , 

1 9 7 1 , 6 6 , 3 9 7 - 4 0 6 . 

LEWIS, M . , KAGAN, J . , £• KALAFAT, J . P a t t e r n s o f f i x a t i o n I n t h e young 

i n f a n t . C h i l d Deve lopmen t , I 9 6 6 , 31, 3 3 1 - 3 4 1 . 



LING, BING-CHUNG. A g e n e t i c s t u d y o f s u s t a i n e d v i s u a l f i x a t i o n and 

a s s o c i a t e d b e h a v i o r i n t h e human i n f a n t f r o m b i r t h t o s i x mon ths . 

J o u r n a l o f G e n e t i c P s y c h o l o g y , 19^2 , 6 l , 2 2 7 - 2 7 7 . 

L I T , A . V i s u a l a c u i t y . Annua 1-Review o f P s y c h o l o g y , 1968, 19, 2 7 - 5 4 , 

. LUYCKX, J , Mesure des composantes o p t i q u e s de I ' o e i l du nouveau-ne 

p a r e c h o g r a p h i e u 11 r a s o n i q u e . A r c h i v e s Ophtha Imo log i e ( P a r i s ) , 

1966, 2 6 , 159 -170 . 

MACKWORTH, N .H . The w i d e - a n g l e r e f l e c t i o n eye camera f o r v i s u a l 

c h o i c e and p u p i l s i z e . P e r c e p t i o n and P s y c h o p h y s i c s , 1968, 

3 , 3 2 - 3 4 . 

MACKWORTH, N.H. & OTTO, D.A. H a b i t u a t i o n o f t h e v i s u a l o r i e n t i n g 

response I n young c h i l d r e n . P e r c e p t i o n and P s y c h o p h y s i c s , 

1970 , 7 . 173 -178 . 

MANN, IDA. The Deve lopment o f t h e Human Eye. London: B r i t i s h Med ica l 

A s s o c i a t i o n , 1964. 

McGINNIS, J . M . Eye movements and o p t i c nystagmus In e a r l y I n f a n c y . 

G e n e t i c P s y c h o l o g y Monographs , 1930, 8 , 3 2 1 - 4 3 0 . 

McKENZIE, B . , S- DAY, R.H. O b j e c t d i s t a n c e as a d e t e r m i n a n t o f v i s u a l 

f i x a t i o n I n e a r l y I n f a n c y . S c i e n c e , 1972, 178, 1108-1110. 

MERKEL, F R . , & ORR, A.W. Das auge des neugeborenen an e inem 

s c h e m a t i s c h e n d u r c h s c h n i t t e r l a u t e r n . Ana tom ische H e f t e , 1892, 

271-2 96 . , 

MIRANDA, S .B . V i s u a l a b i l i t i e s and p a t t e r n p r e f e r e n c e s o f p rema tu re 

I n f a n t s and f u l l - t e r m n e o n a t e s . J o u r n a l o f E x p e r i m e n t a l C h i l d 

P s y c h o l o g y , 1970 ,20 , 189 -205 , 

MIRANDA, S , B , , & FANTZ, R.L . D i s t r i b u t i o n o f v i s u a l a t t e n t i o n by 

newborn i n f a n t s among p a t t e r n s v a r y i n g i n s i z e and number o f 

d e t a i l s . P r o c e e d i n g s o f t h e Annual C o n v e n t i o n o f t h e Amer ican 

P s y c h o l o g i c a l A s s o c i a t i o n , 1 9 7 1 , 6 , 181 -182 . 



232 

MORGAN, M.W. Anoma l i es o f b i n o c u l a r v i s i o n . I n M . J . H i r s c h & 

R.E. W i c k ( E d s , ) , V i s i o n o f C h i l d r e n . An O p t o m e t r i c Symposium. 

C h i l t o n Books: P h i l a d e l p h i a and New Y o r k , I 9 6 3 . 

NELSON, K . E . O r g a n i z a t i o n p f v l s u a 1 - t r a c k i n g responses i n human 

i n f a n t s . J o u r n a l o f E x p e r i m e n t a l C h i l d P s y c h o l o g y , I 9 6 8 , S, 1 9 4 - 2 0 1 . 

NELSON, K. V i s u a l s c a n n i n g by human newborns: responses t o comp le te 

t r i a n g l e s , t o s i d e s o n l y , and t o c o r n e r s o n l y . P roceed ings o f 

t h e 7 7 t h Annual C o n v e n t i o n o f t h e A . P . A . , I 9 6 9 . 

PIRENNEi M.H. V i s i o n and t h e Eye. S c i e n c e Paperbacks and Chapman 

and H a l l , L t d . , I967. 

POLYAK, S. The V e r t e b r a t e V i s u a l Sys tem. The U n i v e r s i t y o f Ch icago 

P r e s s , 1968. 

REiNECKE, R , D . , & COGAN, D,G, S t a n d a r d i z a t i o n o f o b j e c t i v e v i s u a l 

a c u i t y measures: o p t I c o k i n e t I c nystagmus v s , S n e l l e n a c u i t y , 

A , M , A , A r c h i v e s o f O p h t h a l m o l o g y , 1958, 6 0 , 4 1 8 - 4 2 1 . 

SAAYMAN, G . , AMES, A . W . , & MOFFETT, A . Response t o n o v e l t y as an 

i n d i c a t o r o f v i s u a l d i s c r i m i n a t i o n i n t h e human i n f a n t . J o u r n a l 

o f E x p e r i m e n t a l C h i l d P s y c h o l o g y , 1964, 1 , I 89 - I 98 . 

SALAPATEK, P. V i s u a l s c a n n i n g o f g e o m e t r i c f i g u r e s by t he human 

newbo rn . J o u r n a l o f C o m p a r a t i v e and P h y s i o l o g i c a l P s y c h o l o g y , 

1968, 6 6 , 2 4 7 - 2 5 8 . 

SALAPATEK, P. The v i s u a l I n v e s t i g a t i o n o f g e o m e t r i c p a t t e r n by t he 

one and two month o l d I n f a n t . Paper p r e s e n t e d a t mee t i ngs o f 

t h e Amer i can A s s o c i a t i o n f o r t h e Advancement o f S c i e n c e , B o s t o n , 

M a s s a c h u s e t t s , December 2 6 - 3 1 , 1969. 

SALAPATEK, P . , HAITH, M.M. , MAURER, DAPHNE, £• KESSEN, W. E r r o r i n 

t h e cornea 1 - r e f l e c t i o n t e c h n i q u e : A n o t e on S l a t e r and F I n d l a y . 

J o u r n a l o f E x p e r i m e n t a l C h i l d P s y c h o l o g y , 1972, 14, 4 9 3 - 4 9 7 . 



233 

SALAPATEK, P . , & KESSEN, W. V i s u a l s c a n n i n g o f t r i a n g l e s by t h e 

human newborn . J o u r n a l o f E x p e r i m e n t a l C h i l d P s y c h o l o g y , 1966, 

3 , 1 5 5 - 1 6 7 . 

SALAPATEK, P . , & KESSEN, W. P r o l o n g e d I n v e s t i g a t i o n o f a p l a n e 

g e o m e t r i c t r i a n g l e by t h e human newborn . Paper p r e s e n t e d a t 

m e e t i n g s o f t h e S o c i e t y f o r Research i n C h i l d Deve lopment , 

Santa M o n i c a , C a l i f o r n i a , A p r i l , 1969. 

SALAPATEK, P . H . , S- KESSEN, W. P r o l o n g e d i n v e s t i g a t i o n o f a p l a n e 

g e o m e t r i c t r i a n g l e by t h e human newborn . J o u r n a l o f E x p e r i m e n t a l 

C h i l d P s y c h o l o g y , 1973, 15, 2 2 - 2 9 . 

SIEGEL, S. N o n p a r a m e t r i c S t a t i s t i c s f o r t h e B e h a v i o r a l S c i e n c e s . 

M c G r a w - H i l l Book Company, I n c . , 1956. 

SLATER, A . M . , & FINDLAY, J . M . The measurement o f f i x a t i o n p o s i t i o n 

i n t h e newborn baby . J o u r n a l o f E x p e r i m e n t a l C h i l d P s y c h o l o g y , 

1972A, _14, 3 4 9 - 3 6 4 . ' 

SLATER, A . M . , S- FINDLAY, J . M . The cornea 1 - r e f 1 e c t i o n t e c h n i q u e : A 

r e p l y t o S a l a p a t e k , H a i t h , M a u r e r , and Kessen , J o u r n a l o f 

E x p e r i m e n t a l C h i l d P s y c h o l o g y , 1972B, 14, 4 9 7 - 4 9 9 . 

STAFLOVA, J . R e l a t i o n o f t h e s i z e o f t h e eye t o t h e age and l e n g t h 

I n human o n t o g e n e s i s . Amer i can J o u r n a l o f O b s t e t r i c s and 

G y n e c o l o g y , 1971,110, 126 -128 . 

STECHLER, G . , £- LATZ, E. Some o b s e r v a t i o n s on a t t e n t i o n and a r o u s a l • 

i n t h e human i n f a n t . J o u r n a l o f t h e Amer i can Academy o f C h i l d 

P s y c h i a t r y , 1966, 5 , 5 1 7 - 5 2 5 . 

STIRNIMANN , F, Uber das f a r b e n e m p f I n d e n neugebo rene r . Anna les 

P e d i a t r i c i , 1944, J 6 3 , 1-25. C i t e d I n R .L . F a n t z , 1 9 6 1 , and 

E. Bond, 1972. 

TANSLEY, K. V i s i o n i n V e r t e b r a t e s . Chapman and H a l l , L t d . , 1965. 



234 

TRONICK, E. S t i m u l u s c o n t r o l and t h e g r o w t h o f t h e i n f a n t ' s e f f e c t i v e 

v i s u a l f i e l d . P e r c e p t i o n and P s y c h o p h y s I c s , 1972, M., 3 7 3 - 3 7 6 . 

TRONICK, E . , £• CLANTON, C. I n f a n t l o o k i n g p a t t e r n s . V i s l o n R e s e a r c h , 

1 9 7 1 , I L , 1479-1486 , 

WEISSTEIN, N, What t h e f r o g ' s eye t e l l s t h e human b r a i n : s i n g l e c e l l 

a n a l y z e r s i n t h e human v i s u a 1 . s y s t e m . P s y c h o l o g i c a l B u l l e t i n , 

1969 , 7 2 , 157 -176 . 

WHITE, B . L . Human I n f a n t s , E x p e r i e n c e and P s y c h o l o g i c a l Deve lopment . 

P r e n t i c e - H a l l , I n c . , 1 9 7 1 . 

WHITE, B . L . , CASTLE, P . , S- HELD, R. O b s e r v a t i o n s on t he deve lopment 

o f v i s u a l l y - d i r e c t e d r e a c h i n g . C h i l d Deve lopment , 1964, 35., 

3 4 9 - 3 6 4 . 

WICKELGREN, L.W. Convergence i n t h e human newborn . J o u r n a l o f 

E x p e r i m e n t a l C h i l d P s y c h o l o g y , 1967, 5 , 7 4 - 8 5 . 

WICKELGREN, L.W. The o c u l a r response o f human newborns t o i n t e r 

m i t t e n t v i s u a l movement. J o u r n a l o f E x p e r i m e n t a l C h i l d 

P s y c h o l o g y , 1969, 8 , 4 6 9 - 4 8 2 . 

WIESEL, T . N . , & HUBEL, D .H. S i n g l e - c e l l responses I n s t r i a t e c o r t e x 

o f k i t t e n s d e p r i v e d o f v i s i o n i n one e y e . J o u r n a l o f N e u r o 

p h y s i o l o g y , 1963, 2 6 , 1003-1017 . 

WIESEL, T . N . , & HUBEL, D.H. Compar ison o f t h e e f f e c t s o f u n i l a t e r a l 

and b i l a t e r a l eye c l o s u r e on c o r t i c a l u n i t responses i n k i t t e n s . -

J o u r n a l o f N e u r o p h y s i o l o g y , 1965A, 2 8 , 1029-1040. 

WIESEL, T . N . , & HUBEL, D.H. E x t e n t o f r e c o v e r y f r o m t h e e f f e c t s o f 

v i s u a l d e p r i v a t i o n I n k i t t e n s . J o u r n a l o f N e u r o p h y s i o l o g y , 

1965B, 2 8 , 1060 -1072 . 

WOLFF, E. Anatomy o f t h e Eye and O r b i t . 5 t h E d i t i o n , r e v i s e d by 

R . J . L a s t . London: H.K. Lewis & C o . , L t d . , I 9 6 I . 



235 

WOLFF, P,H. Observat ions on newborn i n f a n t s . Psychosomatic Medic ine, 

1959, 2_L, 110 -118 . 

WOLFF, P.H. The development o f a t t e n t i o n i n young i n f a n t s . Annals 

o f the New York Academy o f Science, 1965, U S , 8 1 5 - 8 3 0 . 

, S E C T I O N 
iZSRARY 


