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ABSTRACT 

The f i g u r e - g r o u n d d i s t i n c t i o n i s p a r t i c u l a r l y 

i n t e r e s t i n g where the same s t i m u l u s can g i v e r i s e t o 

more than the one i n t e r p r e t a t i o n o f f i g u r e . The work 

pre s e n t e d here examines the r o l e o f eye movements i n 

such f i g u r e p e r c e p t i o n . 

The f i g u r e - g r o u n d dichotomy i s f i r s t e l a b o r a t e d 

and s t i m u l i which can g i v e d i f f e r e n t f i g u r a l i n t e r p r e t a t i o n s 

are c l a s s i f i e d as r e v e r s i b l e p e r s p e c t i v e or ambiguous 

f i g u r e s . T h eories which have been proposed t o account 

f o r such f i g u r e p e r c e p t i o n are then reviewed and i t i s 

argued t h a t a schematic map t h e o r y o f f e r s a p l a u s i b l e 

e x p l a n a t i o n . 

The parameters which have been s t u d i e d w i t h r e g a r d 

t o these s t i m u l i are then c o n s i d e r e d and i t i s argued 

t h a t the r o l e o f eye movements has not been adequately 

i n v e s t i g a t e d . S t i m u l i are then proposed t o be composed 

of elements which are d i f f e r e n t i a l l y w eighted towards 

each f i g u r a l aspect. F i g u r e p e r c e p t i o n i s l a r g e l y a 

r e s u l t o f an observer s e l e c t i v e l y a t t e n d i n g t o these 

elements as determined by the schematic map. Eye movements 

f u n c t i o n t o move such a t t e n t i o n about the s t i m u l u s . 

A s e r i e s o f a f t e r i m a g e experiments then examines 

the e x i s t e n c e o f such elements i n a l i n e drawing o f 

Boring's ambiguous f i g u r e . The response o f f i g u r e 

was found t o be governed by the elements t o which the 

s u b j e c t c o u l d a t t e n d . Two f r e e - v i e w i n g experiments are 

then r e p o r t e d which demonstrated t h a t i n a non-

s t a b i l i s e d c o n d i t i o n the immediate response o f f i g u r e 



was determined by the elements p r e s e n t i n the s t i m u l u s . 

No a g e - r e l a t e d e f f e c t s o f such elements were found 

when c h i l d r e n served as s u b j e c t s . 

Eye movement types and r e c o r d i n g t e c h n i q u e s are 

then reviewed and an inconspicuous r e c o r d i n g method 

developed. S u b j e c t s ' eye movements were then recorded 

as they viewed v e r s i o n s o f the ambiguous f i g u r e . The 

r e s u l t s are i n t e r p r e t e d as s u p p o r t i n g a schematic map 

e x p l a n a t i o n . A model i s f i n a l l y developed t o account 

f o r the r o l e o f eye movements i n f i g u r e p e r c e p t i o n . 
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PREFACE 

The process o f f i g u r e p e r c e p t i o n whereby p a r t o f 

a s t i m u l u s d i s p l a y i s p e r c e i v e d as f i g u r e , and the r e s t 

o f the d i s p l a y becomes ground, has been the s u b j e c t o f 

much i n q u i r y . The most i n t e r e s t i n g example o f t h i s 

f i g u r e - g r o u n d d i s t i n c t i o n i s where d i f f e r e n t f i g u r a l 

i n t e r p r e t a t i o n s are p o s s i b l e w i t h the same d i s p l a y , as 

t h i s s i t u a t i o n then p e r m i t s i n v e s t i g a t i o n o f how the 

f i g u r a l process has o c c u r r e d . The work p r e s e n t e d here 

c o n s i d e r s the r o l e o f eye movements i n t h i s p e r c e p t i o n 

of f i g u r e . The o v e r a l l l a y o u t o f the t h e s i s i s now 

o u t l i n e d . 

I n Chapter 1 the f i g u r e - g r o u n d d i s t i n c t i o n i s e l a b o r a t e d 

and the v a r i o u s types o f s t i m u l i which can g i v e r i s e 

t o more than the one i n t e r p r e t a t i o n o f f i g u r e are di s c u s s e d 

and c l a s s i f i e d as e i t h e r ambiguous or r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s . The t h e o r i e s which have been 

proposed t o account f o r f i g u r e p e r c e p t i o n , as w e l l as 

the f l u c t u a t i o n between the a l t e r n a t i v e f i g u r a l aspects 

i n these s t i m u l i , are then c o n s i d e r e d . F i n a l l y i t i s 

suggested t h a t Hochberg's (1968) t h e o r y o f schematic 

maps, which i n v o l v e s both eye movements and s e l e c t i v e 

v i s u a l a t t e n t i o n , o f f e r s a p l a u s i b l e account o f f i g u r e 

p e r c e p t i o n . 

The main parameters which have been i n v e s t i g a t e d 

w i t h both ambiguous and r e v e r s i b l e p e r s p e c t i v e f i g u r e s 

are reviewed i n Chapter 2. These are c o n s i d e r e d as: 

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

response t e c h n i q u e s , and observer v a r i a b l e s . Approaches 
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which have attempted t o e i t h e r r u l e out the involvement 

o f eye movements i n f i g u r e p e r c e p t i o n , o r a l t e r n a t i v e l y 

s p e c i f i c a l l y s t u d i e d eye movements, are d i s c u s s e d i n 

d e t a i l . The need t o both adequately and i n c o n s p i c u o u s l y 

r e c o r d eye movements i n such work i s e l a b o r a t e d . 

C o n s i d e r a t i o n o f the e f f e c t s o f p r i o r e x p e r i e n c e 

and o f the manner i n which d i f f e r e n t v e r s i o n s o f 

ambiguous f i g u r e s have been c o n s t r u c t e d leads t o the 

p r o p o s a l t h a t p i c t u r e s can be c o n s i d e r e d t o be composed 

o f elements. Each o f these elements r e p r e s e n t s some 

p a r t o f one or more r e a l - w o r l d o b j e c t s . I t i s argued 

t h a t w i t h ambiguous and r e v e r s i b l e p e r s p e c t i v e f i g u r e s 

each of these elements are d i f f e r e n t i a l l y w eighted 

i n t h e i r r e p r e s e n t a t i o n o f p a r t s o f the p o s s i b l e f i g u r a l 

aspects. I t i s h y p o t h e s i s e d t h a t the observer s e l e c t i v e l y 

a t t e n d s t o these elements and t h a t t h i s process governs 

the response o f f i g u r e . Eye movements serve t o s h i f t 

s e l e c t i v e v i s u a l a t t e n t i o n about the s t i m u l u s d i s p l a y 

as a r e s u l t o f the e x p e c t a t i o n s o f the schematic map. 

Various e x p e r i m e n t a l hypotheses are generated and a 

guide i s p r e s e n t e d t o the subsequent Chapters i n which 

these are i n v e s t i g a t e d . A s u i t a b l e s t i m u l u s which can 

g i v e r i s e t o more than the one i n t e r p r e t a t i o n o f f i g u r e 

i s f i r s t chosen and i t s elements e m p i r i c a l l y determined. 

A s t a b i l i s e d image technique i s then used t o i n v e s t i g a t e 

the e f f e c t of s e l e c t i v e l y a t t e n d i n g t o the d i f f e r e n t 

elements. T h i s work i s then extended t o a f r e e v i e w i n g 

s i t u a t i o n . F i n a l l y , o b s e r v e r s ' eye movements are recorded 

as they f r e e l y view the s t i m u l u s . Thus the e x p e r i m e n t a l 



work d i v i d e s i n t o t h r e e stages; the a f t e r i m a g e experiments, 

the f r e e v i e w i n g experiments and the eye movement 

experiment. 

I n Chapter 3 Boring's ambiguous f i g u r e i s s e l e c t e d 

as a s u i t a b l e s t i m u l u s f o r t h i s r esearch and a l i n e 

drawing o f i t i s d e r i v e d . I t i s proposed t h a t t h i s 

drawing can be c o n s i d e r e d as composed o f 4 i m p o r t a n t 

elements. The e f f e c t o f b e i n g able t o s e l e c t i v e l y 

a t t e n d t o these i s i n v e s t i g a t e d u s i n g a s t a b i l i s e d 

image tec h n i q u e . The v a r i o u s methods o f a t t a i n i n g 

such a s t a b i l i s e d image are b r i e f l y reviewed and an 

a f t e r i m a g e technique i s s e l e c t e d as the most a p p r o p r i a t e . 

Three a f t e r i m a g e experiments are then d e s c r i b e d which 

use v a r i a t i o n s o f the l i n e drawing t o i n v e s t i g a t e the 

r o l e t h a t both f i x a t i o n p o s i t i o n and the presence o f 

the s t i m u l u s elements have upon the p e r c e p t i o n o f 

f i g u r e . I t i s argued t h a t the r e s u l t s demonstrate 

t h a t the response o f f i g u r e i s l a r g e l y governed by 

the r e l a t i v e w e i g h t i n g s o f the v a r i o u s elements t o 

which the observer can a t t e n d at each f i x a t i o n p o s i t i o n . 

Both p e r i p h e r a l as w e l l as f o v e a l v i s i o n are proposed 

t o be i m p o r t a n t f a c t o r s . 

I n these a f t e r i m a g e experiments the f i x a t i o n p o s i t i o n 

of the s u b j e c t i s determined by the e x p e r i m e n t e r . The 

q u e s t i o n o f whether the response o f f i g u r e i s s i m i l a r l y 

dependent upon the presence o f the weighted s t i m u l u s 

elements when the s u b j e c t i s f r e e t o look a t the s t i m u l u s 

i s examined i n Chapter 4. Two experiments are p r e s e n t e d 
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here where the s u b j e c t s were f r e e t o look a t d i f f e r e n t 

v e r s i o n s o f the l i n e drawing and asked t o immediately 

r e p o r t i t s appearance. These experiments again 

demonstrated t h a t the response o f f i g u r e i s l a r g e l y 

governed by the presence or absence o f the elements. 

Both c h i l d r e n and s t u d e n t s were used i n these 

experiments t o examine whether any a g e - r e l a t e d e f f e c t s 

i n the u t i l i t y o f the elements e x i s t e d . No such e f f e c t s 

were found a l t h o u g h i t i s proposed t h a t the p r e c i s e 

manner i n which the elements are a c t u a l l y i n t e g r a t e d 

i n t o the schematic maps may p o s s i b l y be a g e - r e l a t e d . 

Having e s t a b l i s h e d the e f f e c t o f these elements 

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

v i e w i n g c o n d i t i o n s the f i n a l experiment examined the 

eye movements o f s u b j e c t s as they looked a t the ambiguous 

f i g u r e t o see whether they d i d a c t u a l l y a t t e n d t o the 

s t i m u l u s elements. F i r s t , however, a s u i t a b l e eye 

movement r e c o r d i n g technique had t o be determined which 

would not s e n s i t i s e the s u b j e c t s t o the f a c t t h a t t h e i r 

o c u l a r behaviour was b e i n g recorded. 

The development of such a technique and the c o n s t r u c t i o n 

o f s u i t a b l e apparatus which would i n c o n s p i c u o u s l y 

r e c o r d the s u b j e c t s ' eye movements formed a l a r g e p a r t 

o f t h i s research. T h i s i s d e t a i l e d i n Chapter 5 a f t e r 

r eviews o f both the v a r i o u s types o f eye movements 

and a l s o o t h e r eye movement r e c o r d i n g methods. Two 

a l t e r n a t i v e techniques o f data a n a l y s i s which were 

developed are then d e s c r i b e d . The e r r o r s i n h e r e n t 
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i n t h i s approach are c o n s i d e r e d and a method o f a c c o u n t i n g 

f o r these i s d e t a i l e d . The r e s u l t s o f an e v a l u a t i o n 

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

Chapter 6 then r e p o r t s an experiment where s u b j e c t s ' 

eye movements were recorded as they f r e e l y viewed 

v e r s i o n s o f the l i n e drawing and a l t e r n a t e d between 

the two f i g u r a l aspects. T h i s experiment demonstrated 

t h a t s u b j e c t s c o n c e n t r a t e d upon the s t i m u l u s elements, 

t h e i r response o f f i g u r e b e i n g governed by the elements 

f i x a t e d . The r e s u l t s are i n t e r p r e t e d as s u p p o r t i n g 

the proposed schematic map e x p l a n a t i o n . 

F i n a l l y Chapter 7 p r e s e n t s the c o n c l u s i o n s o f the 

v a r i o u s experiments and a model i s pr e s e n t e d which i s 

proposed t o account f o r the r o l e o f eye movements i n 

f i g u r e p e r c e p t i o n . Some pr o p o s a l s f o r f u t u r e r e s e a r c h 

are then b r i e f l y o u t l i n e d . 
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1.1. INTRODUCTION 

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

i s not a f u l l y understood p r o c e s s d e s p i t e the e a r l y 

d i s t i n c t i o n made between f i g u r e and ground (Rubin, 

1915). The i n t r i g u i n g f a c t t h a t some s t i m u l i 

can g i v e r i s e to more than the one i n t e r p r e t a t i o n 

as f i g u r e has l e d both t o the f o r m u l a t i o n of 

v a r i o u s t h e o r e t i c a l e x p l a n a t i o n s as w e l l as to 

e x p e r i m e n t a l s t u d i e s of the parameters a f f e c t i n g 

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

i s concerned w i t h the p o s s i b l e r o l e of eye 

movements as a parameter i n such f i g u r e p e r c e p t i o n . 

I n t h i s c h a p t e r the d i s t i n c t i o n of f i g u r e and 

ground i s f i r s t e l a b o r a t e d and then the f l u c t u a t i o n 

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

s t i m u l i which can g i v e r i s e to d i f f e r e n t 

i n t e r p r e t a t i o n s as f i g u r e are then d e t a i l e d under 

the headings of R e v e r s i b l e P e r s p e c t i v e and 

Ambiguous F i g u r e s . Other p e r c e p t u a l e v e n t s 

p o s s i b l y r e l a t e d to the f l u c t u a t i o n of such s t i m u l i 

a r e next b r i e f l y c o n s i d e r e d . 

The d i f f e r e n t t h e o r i e s proposed to account f o r 

the p e r c e p t i o n of th e s e s t i m u l i are d e t a i l e d and 

the e v i d e n c e f o r each i s a s s e s s e d . Each of t h e s e 

t h e o r i e s to some e x t e n t i m p l i c a t e s or d e n i e s any 

r. 
proposed t h a t Hochberg's theory p r o v i d e s a p o s s i b l e S ^ T , O N 

w o r t h w h i l e e x p l a n a t i o n f o r the p e r c e p t i o n of f i g u r e but 

one which r e q u i r e s e x p e r i m e n t a l i n v e s t i g a t i o n . 

p o s s i b l e r o l e of eye movements. I t i s f i n a l l y ( ( ^ S c i 

"6 MAY i 9 8 0 
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1.2. THE FIGURE AND GROUND DISTINCTION 

The dichotomous concept of f i g u r e and ground has 

become somewhat u b i q u i t o u s i n the psychology of form 

p e r c e p t i o n . The f i r s t d e f i n i t i o n of i t was proposed by 

Rubin (1915) t h a t : 

"when two f i e l d s have a common border, and 
one i s seen as f i g u r e and the o t h e r as ground, 
the immediate p e r c e p t u a l e x p e r i e n c e i s 
c h a r a c t e r i s e d by a shapin g e f f e c t which emerges 
from the common border of the f i e l d s and which 
o p e r a t e s on one f i e l d , or o p e r a t e s more 
s t r o n g l y on one than on the o t h e r . 
The f i e l d which i s most a f f e c t e d by t h i s s h a p i n g 
p r o c e s s i s f i g u r e , the o t h e r f i e l d i s ground." 
(p. 195, Beardslee and Wertheimer, 1958). 

The common border can be e i t h e r a contour s e p a r a t i n g two 

j u x t a p o s e d f i e l d s of d i f f e r e n t b r i g h t n e s s o r c o l o u r -

A l t e r n a t i v e l y , i t can be a l i n e which as Kennedy (1974) 

p o i n t s out i s a narrow s t r i p of pigment e n c l o s e d by two 

contours. Rubin f u r t h e r e l a b o r a t e d the d i f f e r e n c e 

between f i g u r e and ground i n t h a t the contour has a 

d i f f e r e n t s i g n i f i c a n c e f o r the two f i e l d s . The f i g u r e i s 

thus p e r c e i v e d as having shape and ' t h i n g - c h a r a c t e r ' 

b e i n g bound by the contour or l i n e . The ground p o s s e s s e s 

' s u b s t a n c e - c h a r a c t e r ' , both appearing to extend behind 

the f i g u r e and to be s p a t i a l l y l o c a l i s e d f u r t h e r away 

than the f i g u r e . Q u a l i t i e s s p e c i f i c to the f i g u r e a r e 

t h a t i t i s more i m p r e s s i v e , dominant and remembered b e t t e r . 

Rubin i n f a c t p o i n t e d out t h a t two l i m i t i n g c a s e s 

are p o s s i b l e ; e i t h e r both f i e l d s c o u l d be p e r c e i v e d 

s i m u l t a n e o u s l y as f i g u r e ( t h e s h a p i n g p r o c e s s of the 

contour a f f e c t i n g both f i e l d s e q u a l l y ) or n e i t h e r f i e l d 

becoming f i g u r e (both being u n a f f e c t e d by t h i s p r o c e s s ) . 

Subsequently, Rubin has o f t e n been c o n s i d e r e d to have 
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proposed t h a t the shapi n g p r o c e s s a f f e c t s o n l y one of 

the a d j o i n i n g r e g i o n s . For example Attneave (1971) 

s t a t e d t h a t " i t i s q u i t e i m p o s s i b l e to see both s i d e s 

of the contour as f i g u r e at the same time." K o f f k a 

(1935) p a r t i a l l y c o n s i d e r e d t h i s concept when d i s c u s s i n g 

the problem of unum and duo - when an o u t l i n e f i g u r e 

c o n t a i n s a c e n t r a l d i v i d i n g contour whether on l y the 

whole o u t l i n e i s p e r c e i v e d as f i g u r e (unum) or whether 

each h a l f i s c o n s i d e r e d f i g u r a l (duo). Kennedy (1973) 

p o i n t s out t h a t Rubin was onl y d e s c r i b i n g a f i g u r e -

ground o r g a n i s a t i o n which can o c c u r , not one which 

w i l l o c c u r . 

Rubin's o r i g i n a l phenomenological o b s e r v a t i o n s 

have had wide acceptance such t h a t the f i g u r e - g r o u n d 

d i s t i n c t i o n has now become a b a s i c t e n e t of form 

p e r c e p t i o n . The g r e a t impetus f o r t h i s came w i t h 

G e s t a l t Psychology which p o p u l a r i s e d t h i s concept to 

such an e x t e n t t h a t Hochberg (1974) has r e c e n t l y 

c o n s i d e r e d i t to be one of the ' a n a l y t i c t o o l s ' to be 

o f f e r e d by t h i s s c h o o l of thought. Wertheimer (1923) 

i n s e t t i n g f o r t h the G e s t a l t p r i n c i p l e s of o r g a n i s a t i o n 

took f i g u r e - g r o u n d s e g r e g a t i o n as a s i n e qua non;"..in 

the v i s u a l f i e l d , when f i g u r e s composed of d i s c o n t i n u o u s 

p a r t s (e.g. d o t s ) become s e g r e g a t e d on an o t h e r w i s e 

q u i t e homogeneous ground." I n a p p l y i n g the G e s t a l t 

p r i n c i p l e s K o f f k a (1935) s t a t e d t h a t when "a l i n e forms 

a c l o s e d , or almost c l o s e d f i g u r e , we see no l o n g e r 

merely a l i n e on a homogeneous background, but a 

s u r f a c e f i g u r e bounded by the l i n e . " L i k e w i s e , K o h l e r 

(1920) e a r l i e r a f f i r m e d t h a t "terms such as f i g u r e and 
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ground may be used i n v i s u a l space w i t h p e r f e c t 

a s s u r a n c e t h a t they d e s i g n a t e c o n c r e t e and phenomenally 

r e a l modes of b e i n g . " The s e g r e g a t i o n of f i g u r e was, 

the G e s t a l t i s t s argued, due to f a c t o r s such as c l o s u r e , 

good shape or good c o n t i n u a t i o n . 

Succeeding a u t h o r s have a s s e r t e d the e s s e n t i a l i t y 

of f i g u r e and ground. B o r i n g (1942) i n r e f e r r i n g to 

Rubin's work p o i n t s out t h a t "a v i s u a l p e r c e p t i o n 

normally d i v i d e s i n t o two f i e l d s : a f i g u r e , which i s 

u s u a l l y the o b j e c t of a t t e n t i o n , and a ground, which 

o c c u p i e s the r e s t of the p e r c e p t i o n . " S i m i l a r l y Vernon 

(1965) c o n s i d e r i n g the f i g u r e - g r o u n d e x p e r i e n c e wrote 

" i t i s one which i s fundamental i n p e r c e p t i o n from 

very e a r l y c h i l d h o o d . " Dember (1965) proposed t h a t : 

"Every meaningful p e r c e p t u a l e x p e r i e n c e 
seems to r e q u i r e i n i t s d e s c r i p t i o n the 
p r o p e r t y of ' f iguredness.' That i s , 
phenomenally, p e r c e p t i o n i s more than a 
mere c o l l e c t i o n of u n r e l a t e d , u n i n t e g r a t e d , 
s e n s o r y elements. The u n i t s of 
p e r c e p t i o n a r e , r a t h e r , f i g u r e s , or t h i n g s , 
s e g r e g a t e d from t h e i r backgrounds." ( p . 1 4 6 ) . 

T h i s s e g r e g a t i o n of f i g u r e and ground i s e s s e n t i a l l y 

what Hebb (1949) meant by ' p r i m i t i v e u n i t y . ' For N e i s s e r 

(1967) d i s c u s s i n g the i c o n i c memory, the p a t t e r n was 

a l r e a d y r e s o l v e d i n t o one or more s e g r e g a t e d f i g u r e s by 

a g l o b a l ' p r e a t t e n t i v e ' p r o c e s s . I n d e s c r i b i n g the 

f u n c t i o n i n g of t h i s s e n s o r y ( i c o n i c ) b u f f e r R e s t l e 

(1975) has proposed four l e v e l s of immediate v i s u a l 

a n a l y s i s where the f i g u r e i s f i r s t s e g r e g a t e d from the 

background b e f o r e the f i g u r e and contour a r e f u r t h e r 

a n a l y s e d . 

Stemming from t h i s background of work Kennedy ( 1974) 



6 

sums up the modern v e r s i o n of Rubin's f i g u r e - g r o u n d 

p r i n c i p l e to be t h a t such an o r g a n i s a t i o n i s an 

i n e v i t a b l e consequence i f a l i n e or contour i s p r e s e n t . 

By thoroughly r e v i e w i n g a l l of the a v a i l a b l e o r i g i n a l 

work of Rubin, however, he c o n c l u d e s t h a t t h i s i s a 

modern m i s i n t e r p r e t a t i o n and t h a t nowhere does Rubin 

a c t u a l l y s t a t e t h a t c ontours n e c e s s a r i l y g i v e r i s e to 

f i g u r e and ground. He f u r t h e r e l a b o r a t e s upon Gibson's 

(1951) e a r l i e r f o r m u l a t i o n and s u g g e s t s t h a t the 

f i g u r e - g r o u n d dichotomy i s a p i c t o r i a l phenomenon which 

i s r e l e v a n t to the p e r c e p t i o n of l i n e s and c o n t o u r s but 

not n e c e s s a r i l y b a s i c to p e r c e p t i o n i t s e l f a s i s so 

o f t e n thought. C e r t a i n l y the concept does r e q u i r e a 

'common border' as no p e r c e p t i o n of f i g u r e - g r o u n d i s 

o b t a i n e d w i t h c o m p l e t e l y homogeneous f i e l d s ( E n g e l , 

1930; Metzger, 1930). Even when a f i g u r e i s p r e s e n t , 

f a c t o r s such as poor i l l u m i n a t i o n can l e a d to the l o s s 

of f i g u r e - g r o u n d d i f f e r e n t i a t i o n ( P i k l e r , 1928; 

Liebmann, 1927). 

N o t w i t h s t a n d i n g such c r i t i c i s m s and l i m i t a t i o n s 

then, i t may be taken t h a t f i g u r e - g r o u n d o r g a n i s a t i o n 

i s a commonly e x p e r i e n c e d phenomenon of form p e r c e p t i o n 

which by n a t u r e of i t s apparent immediacy has been taken 

to be a b a s i c p e r c e p t u a l p r o c e s s . 

1.3. REVERSIBLE FIGURE AND GROUND 

To i l l u s t r a t e the f i g u r e - g r o u n d d i s t i n c t i o n Rubin 

made use of a Maltese c r o s s f i g u r e w i t h e i g h t e q u a l 

s e c t o r s . I n a d d i t i o n to the 'immediate p e r c e p t u a l 

e x p e r i e n c e ' of s e e i n g f o u r of the a l t e r n a t e s e c t i o n s as a 
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f i g u r a l c r o s s upon a background, Rubin noted t h a t 

r e v e r s a l c o u l d occur such t h a t the p r e v i o u s l y p e r c e i v e d 

background now became f i g u r e . When t h i s o c c u r r e d the 

new f i g u r e had a l l the r e l a t i v e f i g u r a l q u a l i t i e s of 

the p r e v i o u s f i g u r e now r e l e g a t e d to background s t a t u s . 

I n c o n s i d e r i n g the parameters a f f e c t i n g which 

a l t e r n a t i v e would be p e r c e i v e d as f i g u r e i n such 

s i t u a t i o n s , he proposed t h a t " i f one of the two 

homogeneous d i f f e r e n t l y c o l o u r e d f i e l d s i s l a r g e r than 

and e n c l o s e s the o t h e r t h e r e i s a g r e a t l i k e l i h o o d t h a t 

the s m a l l , surrounded f i e l d w i l l be seen as f i g u r e . " 

Rubin noted t h a t the change from one p e r c e p t i o n to the 

o t h e r was i n some c a s e s r a t h e r g r a d u a l whereas i n o t h e r s 

i t o c c u r r e d immediately. Rubin a l s o used the example of 

h i s ' v a s e - f a c e s ' f i g u r e to i l l u s t r a t e how d i f f e r e n t l y 

the s t i m u l u s c o u l d be p e r c e i v e d when r e v e r s a l of f i g u r e 

and ground o c c u r r e d . 

1.4. PERCEPTUAL AMBIGUITY 

T h i s phenomenon of f i g u r e r e v e r s a l i l l u s t r a t e s the 

ambiguity of p e r c e p t i o n when c o n s i d e r i n g p i c t o r i a l m a t t e r. 

T h i s i s because a two d i m e n s i o n a l s t i m u l u s can r e p r e s e n t 

a m u l t i t u d e of s t i m u l i i n the r e a l t h r e e d i m e n s i o n a l 

world ( G r e g o r y , 1 9 7 0 ) . The spontaneous r e v e r s a l of 

p e r c e p t i o n i n such p i c t o r i a l f i g u r e s has been r e f e r r e d t o 

as f l i p , r e v e r s a l , ambiguity, f l u c t u a t i o n or a l t e r n a t i o n . 

T h i s has l e d to the c o n f u s i n g use of the term 'ambiguous 

f i g u r e ' t o r e f e r to a l l such f i g u r e s ( P o r t e r , 1 9 3 8 ) , but 
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t h i s i s u n f o r t u n a t e as a worthwhile d i s t i n c t i o n i n t o two 

major c l a s s e s of s t i m u l i can be made ( F i s h e r ,1968b ; 

Gregory, 1970) . 

1.5. THE TWO MAJOR CLASSES OF PERCEPTUAL AMBIGUITY 

Some f i g u r e s when they appear to a l t e r do so by 

a p p a r e n t l y changing i n depth, t h e s e can be c o n s i d e r e d 

• r e v e r s i b l e p e r s p e c t i v e " f i g u r e s , the o t h e r major c l a s s 

i n v o l v e s a r e v e r s a l of i n t e r p r e t a t i o n or meaning and a r e 

the 'ambiguous' f i g u r e s . By t h i s d e f i n i t i o n the 

r e v e r s i b l e f i g u r e - g r o u n d s t i m u l i c o n s i d e r e d i n the 

p r e v i o u s s e c t i o n are a sub-type of ambiguous s t i m u l i . 

The term r e v e r s a l i s used h e r e a f t e r to r e f e r to the 

change o c c u r r i n g i n the former f i g u r e s , and f l u c t u a t i o n , 

a l t e r n a t i o n , or ambiguity are used f o r the l a t t e r . A l s o 

the terms p e r c e p t , a l t e r n a t i v e , and a s p e c t are used 

i n t e r c h a n g e a b l y here to r e f e r to one of the p o s s i b l e 

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

These two c l a s s e s of f i g u r e s may w e l l r e p r e s e n t the 

ends of some continuum ( P r i c e , 1971) w i t h a common 

u n d e r l y i n g c a u s a l f a c t o r . A l t e r n a t i v e l y , they may be 

q u i t e s e p a r a t e e n t i t i e s r e q u i r i n g q u i t e s e p a r a t e 

e x p l a n a t i o n s . F or i n s t a n c e , A x e l r o d and Thompson (1962) 

have even q u e s t i o n e d t h e assumption of a u n i t a r y p r o c e s s 

u n d e r l y i n g such f i g u r e s as the s t a t i c Necker cube and 

the dynamic ' r o t a t i n g p i n p a t t e r n * both of which e x h i b i t 

r e v e r s a l of p e r s p e c t i v e . 
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The work p r e s e n t e d i n t h i s t h e s i s i s more p e r t i n e n t 

to the ambiguous f i g u r e s , but the o t h e r c l a s s e s of 

s t i m u l i a r e i n c l u d e d to demonstrate both the r e l a t i o n s h i p 

of the ambiguous f i g u r e s to t h e s e o t h e r s t i m u l i as w e l l 

as i l l u s t r a t i n g the v a r i o u s t h e o r e t i c a l developments. 

1.5.1 R e v e r s i b l e P e r s p e c t i v e 

A remark by Wheatstone to the e f f e c t t h a t the 

o u t l i n e drawings of g e o m e t r i c a l s o l i d s i n the e l e v e n t h 

book of E u c l i d were o f t e n seen to r e v e r s e themselves 

caused B o r i n g (1942) to comment t h a t the phenomenon of 

r e v e r s i b l e p e r s p e c t i v e had p o s s i b l y been known to 

geometers e v e r s i n c e E u c l i d ' s time. 

Three t y p e s of r e v e r s i b l e p e r s p e c t i v e f i g u r e s can 

be d i s t i n g u i s h e d : s t a t i c , r o t a t i n g and those i n v o l v i n g 

i n c o m p a t i b l e l o c a l depth cues. 

S t a t i c F i g u r e s . Necker (1832) i n d e s c r i b i n g 

h i s o b s e r v a t i o n s i n S w i t z e r l a n d dre.w a t t e n t i o n 

to the sudden and i n v o l u n t a r y change i n apparent 

p o s i t i o n of a c r y s t a l , Necker's o r i g i n a l drawing 

has s u b s e q u e n t l y been drawn as a cube and 

r e f e r r e d to as Necker*s cube which has remained 

the most p o p u l a r r e v e r s i b l e p e r s p e c t i v e s t i m u l u s 

f o r r e s e a r c h . Other examples are the S c h r o d e r 

s t a i r c a s e and a l s o Mach's t r u n c a t e d pyramid and 

book f i g u r e s . These are shown i n F i g u r e 1.1. 

T y p i c a l l y such f i g u r e s a r e c o n s i d e r e d to 

r e v e r s e between two p a r t i c u l a r a s p e c t s . Other 
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i n t e r p r e t a t i o n s of the s t i m u l u s a r e , however, 

p o s s i b l e . T a y l o r and Henning (1963) mention 

a s u b j e c t ' s r e p o r t of twenty two d i f f e r e n t 

forms of the Necker cube w i t h i n ten minutes. 

Ammons, U l r i c h and Ammons (1959) a l s o p o i n t 

out the many v a r i a t i o n s of a s p e c t of t h i s same 

f i g u r e as does Martin 0-967 ) , w i t h a s i m i l a r f i g u r e . 

R o t a t i n g F i g u r e s . When e i t h e r two or 

t h r e e d i m e n s i o n a l s t i m u l i r o t a t e they 

spontaneously appear to change t h e i r d i r e c t i o n 

of movement. Howard (1961) and s e v e r a l 

subsequent workers have used one and two 

r o t a t i n g s k e l e t a l cubes. L i s s a j o u s f i g u r e s 

( F i s i c h e l l i , 1946) and shadows of r o t a t i n g p i n 

p a t t e r n s (Brown, 1955) are o t h e r examples. 

Day and Power (1965) have used r o t a t i n g f l a t 

p a t t e r n s . 

F i g u r e s I n v o l v i n g I n c o m p a t i b l e L o c a l Depth Cues. 

Two c l a s s e s of s t i m u l i c o n t a i n l o c a l depth cues 

which are i n c o m p a t i b l e w i t h one another. These 

are the I m p o s s i b l e F i g u r e s and the I m p o s s i b l e 

O b j e c t s . U n l i k e f i g u r e s such as the Necker cube 

no ' s o l u t i o n ' or a s p e c t f i t s the e n t i r e f i g u r e . 

Thus they do not r e v e r s e i n depth between "two 

p o s s i b l e a s p e c t s , i n s t e a d they appear to 

c o n s t a n t l y change. Any p e r c e p t u a l s o l u t i o n o n l y 

appearing to be l o c a l l y e f f e c t i v e . 
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I m p o s s i b l e F i g u r e s . A l s o c a l l e d 

p a r a d o x i c a l (Gregory,1970) or i n c o m p a t i b l e 

f i g u r e s ( F i s h e r , 1 9 6 8 b ) • These a r e a c l a s s 

of p i c t o r i a l l y r e p r e s e n t e d o b j e c t s which 

g e n e r a l l y c o u l d not v a l i d l y e x i s t i n 

nature- The drawings of E s c h e r ( e . g . Locher, 1971) 

i l l u s t r a t e the p r i n c i p l e s of such s t i m u l i . 

Penrose and Penrose (1958) p r e s e n t e d the 

f i r s t of such f i g u r e s i n c l u d i n g an 

i m p o s s i b l e t r i a n g l e and an i m p o s s i b l e 

' t h r e e - t r i a n g l e ' f i g u r e . S c h u s t e r (1964) 

drew a t t e n t i o n to the 'th r e e s t i c k c l e v i s ' 

a l t e r n a t i v e l y named the D e v i l ' s t u n i n g f o r k ' 

which had f i r s t appeared i n an a v i a t i o n 

magazine. 

Baldwin (1967) has p o i n t e d out t h a t 

f i g u r e s such as the ' D e v i l ' s t u n i n g f o r k ' 

r e l y on the r e p r e s e n t a t i o n of a c y c l i n d r i c a l 

o b j e c t by a p a i r of l i n e s and the 

r e p r e s e n t a t i o n of a r e c t a n g u l a r bar which 

uses t h r e e l i n e s . Hayward (1968) has used 

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

Robinson and Wilson (1973) who have p r e s e n t e d 

v a r i a t i o n s of the ' i m p o s s i b l e colonnade' 

f i g u r e . 

I m p o s s i b l e O b j e c t s . R e a l o b j e c t s can be 

c o n s t r u c t e d which r e p r e s e n t the above c l a s s 

of i m p o s s i b l e f i g u r e s . However, t h e s e 
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o b j e c t s o n l y become i m p o s s i b l e when seen 

or photographed from a p a r t i c u l a r angle, 

viewed from e l s e w h e r e they appear as an 

odd shaped c o n s t r u c t i o n . Penrose and 

Penrose (1958) p r e s e n t a photograph of an 

a p p a r e n t l y continuous f l i g h t of s t e p s and 

Gregory (1970) i l l u s t r a t e s an a p p a r e n t l y 

' r e a l ' i m p o s s i b l e t r i a n g l e . Masterman 

and Kennedy (1975) have more r e c e n t l y 

demonstrated a c o n s t r u c t i o n of the D e v i l ' s 

t u n i n g f o r k . ' 

1.5.2. Ambiguous F i g u r e s 

As a g e n e r i c c l a s s ambiguous f i g u r e s i n c l u d e ; the 

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

r e v e r s i b l e s i l h o u e t t e s and the ' t r u e ' ambiguous f i g u r e s . 

R e v e r s i b l e S i l h o u e t t e s . A v a r i e t y of 

o b j e c t s when drawn or o t h e r w i s e p e r c e i v e d i n 

s i l h o u e t t e form appear to r e v e r s e . P o r t e r f i e l d 

(1759) g i v e s p o s s i b l y the f i r s t account of such 

r e v e r s i b i l i t y . S i n s t e d e n (1860) saw the s i l h o u e t t e 

of a w i n d m i l l a g a i n s t the evening sky and noted 

t h a t i t s s a i l s appeared to r e v e r s e t h e i r 

d i r e c t i o n of movement as they r o t a t e d . Such 

s t i m u l i may appear to r e v e r s e i n depth as i n 

P o r t e r f i e l d ' s w i n d m i l l f i g u r e or may merely 

r e p r e s e n t two d i f f e r e n t i n t e r p r e t a t i o n s of the 

same s i l h o u e t t e ( e . g . T i n b e r g e n ' s (1951) 'goose 

and hawk', shown i n F i g u r e 1 . 1 ) . Thus, t h e s e 
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s t i m u l i can be regarded as b e l o n g i n g t o e i t h e r 

c l a s s o f ambiguous or r e v e r s i b l e f i g u r e s . 

Ambiguous F i g u r e s . An ambiguous f i g u r e 

i s one i n which t h e r e i s more than one 

p e r c e p t u a l i n t e r p r e t a t i o n , u s u a l l y o f the same 

f i g u r a l area. Thus, a ' r e v e r s a l 1 occurs which 

does not i n v o l v e a r e v e r s a l o f apparent depth -

r a t h e r i t i s a r e v e r s a l of ' i n t e r p r e t a t i o n . ' 

The best known example o f an ambiguous 

f i g u r e i s t h a t o f H i l l (1915) as drawn f o r 

Puck magazine and l a t e r p r e s e n t e d t o p s y c h o l o g i s t s 

by B o r i n g (1930) as 'my w i f e and my mo t h e r - i n - l a w ' 

( F i g u r e 3.1). T h i s f i g u r e i s the mainstay o f the 

work p r e s e n t e d i n t h i s t h e s i s and h e r e a f t e r i s 

r e f e r r e d t o as Bo r i n g ' s ambiguous f i g u r e . I t 

i n v o l v e s a p i c t u r e o f a woman's face which can 

e i t h e r be seen as a young o r an o l d woman. 

Other examples o f such two-aspect ambiguous 

f i g u r e s are Jastrow's (1900) duck and r a b b i t , 

Kolers" ( 1 9 6 4 b ) 1 t h e boys from Syracuse' and 

B o t w i n i c k ' s (1961) 'husband and f a t h e r - i n - l a w . ' 

Leeper's (1935) ' p i r a t e and r a b b i t ' i s i n t e r e s t i n g 

as b o t h o f the p o s s i b l e aspects are hidden 

w i t h i n an o v e r a l l scene. Other examples o f such 

hidden f i g u r e s are Fernberger's (1950) 'Napoleon 

and tomb a t St, Helena' o r Carmichael's (1951) 

s i m i l a r 'The tomb and shade o f Washington.' Some 

f i g u r e s are more d i f f i c u l t t o i n t e r p r e t , ( e .g. 
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Dallenbach's (1951) 'concealed cow' p i c t u r e ) 

and some may be helped by i n v e r t i n g t h e s t i m u l u s 

( W e i g l , 1927). Some o f these are i l l u s t r a t e d i n 

Fig u r e 1.1. 

Fi g u r e s r e p r e s e n t i n g more than two 

a l t e r n a t i v e s can a l s o be c o n s t r u c t e d . F i s h e r 

(1968c)has devised a t h r e e aspect v e r s i o n o f 

B o t w i n i c k ' s f i g u r e as w e l l as o t h e r t h r e e , f i v e 

and seven p o s s i b l e aspect f i g u r e s , (1967a). 

1.6. RELATED PERCEPTUAL EVENTS 

The phenomenon o f am b i g u i t y o r r e v e r s i b i l i t y has 

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

somewhat s i m i l a r p e r i o d i c i t y , w i t h the su g g e s t i o n t h a t 

some common process u n d e r l i e s a l l these. Walker (1975) 

and e a r l i e r McDougall (1906 ) , compared b i n o c u l a r 

r i v a l r y and ambiguous f i g u r e a l t e r n a t i o n and proposed 

t h a t j u s t such a common mechanism u n d e r l i e s both 

phenomena alt h o u g h Washburn and G i l l e t t e ' s (1932) 

r e s u l t s found l i t t l e c o r r e l a t i o n between them. L e c h e l t 

(1976) has a l s o r e c e n t l y demonstrated some d i s s i m i l a r i t i e s 

between b i n o c u l a r r i v a l r y and a Rubin's cross f i g u r e . 

L e v e l t (1967) has r e l a t e d the d i s t r i b u t i o n o f the 

dominance times i n r i v a l r y t o ' f l i c k s ' o f eye movement. 

As discussed l a t e r a s i m i l a r e x p l a n a t i o n f o r ambiguous 

f i g u r e a l t e r n a t i o n has been proposed. Kohler and Wallach 

(1944 ) have r e l a t e d f i g u r a l a f t e r - e f f e c t s t o f i g u r e 

r e v e r s a l s , a l t h o u g h Cohen (1959) has p o i n t e d out 
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d i f f e r e n c e s between these. 

1.7. THEORETICAL APPROACHES: A BRIEF GUIDE 

The q u e s t i o n o f how the one s t i m u l u s , whether a 

r e v e r s i b l e p e r s p e c t i v e or an ambiguous f i g u r e , can 

gi v e r i s e t o more than the one per c e p t has had s e v e r a l 

p o s s i b l e t h e o r e t i c a l e x p l a n a t i o n s . Some o f these 

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

s t i m u l i as w e l l as o t h e r p o s s i b l y r e l a t e d events such 

as f i g u r a l a f t e r - e f f e c t s . Other t h e o r i e s are q u i t e 

s p e c i f i c and are concerned o n l y w i t h a p a r t i c u l a r c l a s s 

or sub-class o f f i g u r e (e.g. Cowan, 1974). For a 

t h e o r e t i c a l approach t o be f u l l y a c ceptable i t must 

not o n l y e x p l a i n how more than t h e one per c e p t can occur, 

but a l s o why one p a r t i c u l a r p e r c e p t i n i t i a l l y occurs 

r a t h e r than another, why and how a l t e r n a t i o n takes p l a c e , 

and i t should a l s o d e s c r i b e the time course o f such 

a l t e r n a t i o n . Not a l l t h e o r i e s do t h i s . Some c o n c e n t r a t e 

on one aspect, e.g. the s t o c h a s t i c process t h e o r i e s 

emphasise the a l t e r n a t i o n sequence. Some t h e o r i e s have 

used these f i g u r e s as a mainstay o f t h e i r approach 

(e.g. Hochberg, 196$, whereas o t h e r s come from d i f f e r e n t 

areas o f psychology and have then been a p p l i e d t o 

these p a r t i c u l a r s t i m u l i ( e.g. L e a r n i n g T h e o r y ) . 

I n the f o l l o w i n g s e c t i o n s the d i f f e r e n t t h e o r e t i c a l 

approaches are considered. The f o l l o w i n g i s o f f e r e d as 

a b r i e f guide t o t h e i r l a y o u t and i n t e r - r e l a t e d n e s s . 

The e a r l y t h e o r i e s o f these s t i m u l i c o n s i d e r e d t h a t 
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a l t e r n a t i o n was due t o e i t h e r p e r i p h e r a l (e.g. eye 

movement) or c e n t r a l processes. Two o f the l a t t e r 

approaches, namely those of McDougall and S a t i a t i o n 

Theory, have g i v e n r i s e t o much e x p e r i m e n t a l 

i n v e s t i g a t i o n and are d e s c r i b e d i n some d e t a i l . 

P o s s i b l y s h a r i n g s i m i l a r i t i e s w i t h S a t i a t i o n Theory 

i s the a p p l i c a t i o n o f Le a r n i n g Theory which i s next 

considered. I n c o n t r a s t t o S a t i a t i o n Theory s t a n d 

the S t o c h a s t i c Process Theories which emphasise the 

s t o c h a s t i c n a t u r e o f the a l t e r n a t i o n s whereas t h e 

former c o n s i d e r s a l t e r n a t i o n t o be more s y s t e m a t i c . 

Also c o n t r a s t i n g w i t h S a t i a t i o n Theory, t h i s time i n 

terms o f p h y s i o l o g i c a l processes, i s the t h e o r y o f 

Hebb. Of l e s s i m p o r t here are the two t h e o r i e s o f 

Yacorzynski (1966) and Cowan (1974) which are then 

b r i e f l y d e s c r i b e d . Next the t h r e e modern t h e o r i e s o f 

I n f o r m a t i o n Pick-Up , P e r c e p t u a l Hypotheses and 

I n f o r m a t i o n Processing are considered. F i n a l l y the 

th e o r y o f Hochberg i s e l a b o r a t e d . I t i s suggested 

t h a t t h i s f i n a l t h e o r y o f f e r s a p o s s i b l e w o r t h w h i l e 

e x p l a n a t i o n o f the behaviour of these ambiguous and 

r e v e r s i b l e p e r s p e c t i v e f i g u r e s i n t h a t i t encompasses 

d i v e r s e processes such as eye movements and a l s o 

p o s s i b l y s a t i a t i o n . However, i t does r e q u i r e e x p e r i m e n t a l 

i n v e s t i g a t i o n . T h i s t h e o r y forms the s t a r t i n g p o i n t 

f o r t h 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 approach o f the 

work p r e s e n t e d i n t h i s t h e s i s . 

Throughout the e l a b o r a t i o n o f the v a r i o u s t h e o r i e s 
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the r o l e o f eye movements i n the p e r c e p t i o n o f these 

s t i m u l i i s co n s i d e r e d , whether almost e x c l u s i v e l y 

(as i n the e a r l y p e r i p h e r a l i s t approaches), dismissed 

(e.g. S a t i a t i o n T h e o r y ) , o r as one of a number of 

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

C r i t i c a l e x p e r i m e n t a l evidence f o r each t h e o r y 

i s p r e s e n t e d where i t e x i s t s . 

1.8. EARLY THEORIES 

E a r l y e x p l a n a t i o n s of the phenomena o f a m b i g u i t y 

and r e v e r s i b l e p e r s p e c t i v e can be con s i d e r e d t o 

re p r e s e n t two camps; the p e r i p h e r a l i s t s and the 

c e n t r a l i s t s . Necker, Brewster, Sinsteden and Wundt 

a l l emphasised p e r i p h e r a l processes such as f i x a t i o n , 

accommodation, or eye movements. Others, i n c l u d i n g 

Wheatstone, Oppel, Schroder , He r i n g and Helmholtz 

a l l c onsidered more c e n t r a l mechanisms. 

1.8.1. P e r i p h e r a l Process Theories 

Wundt (1912) proposed t h a t space p e r c e p t i o n was 

composed o f the a s s o c i a t i o n o f the ' s e r i e s o f l o c a l 

s e n s a t i o n - c o l o u r i n g s ' w i t h the s e n s a t i o n o f movement. 

R e v e r s i b i l i t y o f p e r s p e c t i v e i s thus i n i t i a t e d by 

sensory processes and the a s s o c i a t e d eye movements. 

Brewster (1826) i n c o n s i d e r i n g the I n t a g l i o moulds 

used t o make b a s - r e l i e f s , p o i n t e d out t h a t by d i r e c t i n g 

the eyes s t e a d i l y we can coax o u r s e l v e s i n t o b e l i e v i n g 

t h a t t h e I n t a g l i o i s i t s e l f a b a s - r e l i e f ( a more 

rec e n t d e m o n s t r a t i o n o f e s s e n t i a l l y the same phenomenon 
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i s g i v e n by Gregory, 1970). I n a l a t e r paper Brewster 

(1847) proposed t h a t i t was p o s s i b l e " b y the eye 

alone, t o r a i s e a complete h o l l o w mask o f the human 

face i n t o a p r o j e c t i n g head." 

I n drawing a t t e n t i o n t o the apparent r e v e r s a l o f 

depth i n a c r y s t a l , Necker (1832) wrote: 

"The o n l y t h i n g I c o u l d observe was,that 
at the time the change took p l a c e , a 
p a r t i c u l a r s e n s a t i o n was f e l t i n the eye 
( f o r i t takes p l a c e as w e l l when o n l y 
seen w i t h one eye, as w e l l as b o t h e y e s ) , 
which proved t o me t h a t i t was o p t i c a l , 
and not as I had at f i r s t thought a 
m e n t a l , o p e r a t i o n which was performed." ( p . 3 3 6 ) . 

I n s i m i l a r f a s h i o n T i t c h e n e r (1899) discussed the 

'measuring eye', emphasising each 'look' o f the o b j e c t 

and i t s 'welding' w i t h eye muscle s e n s a t i o n s s t a t i n g 

t h a t " i n a l l cases o f space i l l u s i o n t h e f i n a l appeal 

i s t o the eye." The r o l e p l a y e d by the muscles o f 

accommodation and f i x a t i o n was a l s o emphasised by 

Muensterberg (1925 ) , 

1.8.2. C e n t r a l Process Theories 

H e r i n g , r e p r e s e n t i n g a c e n t r a l i s t p o s i t i o n c o n s i d e r e d 

every v i s u a l s e n s a t i o n t o be c o r r e l a t e d t o a p h y s i c a l 

process i n the nervous apparatus and s t a t e d (quoted i n 

James, 1891) : 
"Things a c t u a l l y d i v e r s e may g i v e s i m i l a r 
o r almost i d e n t i c a l r e t i n a l images, e.g. , 
an o b j e c t extended i n t h r e e d i r e c t i o n s , 
and i t s f l a t p e r s p e c t i v e p i c t u r e . I n 
such cases i t o f t e n depends on s m a l l 
a c c i d e n t s , and e s p e c i a l l y on our w i l l , 
whether t h e one or the o t h e r group o f 
se n s a t i o n s s h a l l be e x c i t e d . " ( p . 262). 
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He goes on t o propose: 
"Whenever the r e t i n a l image i s of such a 
n a t u r e t h a t two d i v e r s e modes of r e a c t i o n 
on the p a r t o f the nervous apparatus a r e , 
so t o speak, e q u a l l y , o r n e a r l y e q u a l l y 
imminent, i t must depend upon s m a l l 
a c c i d e n t s whether the one or the 
o t h e r r e a c t i o n i s r e a l i s e d . I n these 
cases our p r e v i o u s knowledge o f t e n has 
a d e c i s i v e e f f e c t and helps the c o r r e c t 
p e r c e p t i o n t o v i c t o r y . " ( p . 262). 

James, h i m s e l f , argued t h a t the p r e s e n t s e n s a t i o n s 

were i n t e r p r e t e d by 'the u n d e r s t a n d i n g ' which ' r e c a l l s 

p r e v i o u s space s e n s a t i o n s w i t h which the p r e s e n t one 

has been a s s o c i a t e d . " His emphasis upon such a c e n t r a l 

f a c t o r i s i l l u s t r a t e d by: 

" we see now t h i s o b j e c t and now t h a t , 
as i f the r e t i n a l image per sehad no 
e s s e n t i a l space-import. S u r e l y i f form 
and l e n g t h were o r i g i n a l l y r e t i n a l 
s e n s a t i o n s , r e t i n a l r e c t a n g l e s ought not 
t o become acute or obtuse, and l i n e s 
ought not t o a l t e r t h e i r r e l a t i v e 
l e n g t h s as they do. I f r e l i e f were an 
o p t i c a l f e e l i n g , i t ought not t o f l a p t o 
and f r o , w i t h every o p t i c a l c o n d i t i o n 
unchanged."(p. 257). 

I n c o n s i d e r i n g the ' i l l u s i o n s ' o f r e v e r s i b l e 

p e r s p e c t i v e , James s t a t e d : 

"we may sum up our study o f i l l u s i o n s by 
s a y i n g t h a t they i n no wiseundermine our 
view t h a t every s p a t i a l d e t e r m i n a t i o n o f 
t h i n g s i s as o r i g i n a l l y g i v e n i n the shape 
of a s e n s a t i o n o f the eyes. They o n l y 
show how very p o t e n t c e r t a i n imagined 
s e n s a t i o n s o f the eyesmay become." ( p . 266). 

James accepted the r o l e p l a y e d by eye movements b u t 

d i d not a t t a c h too much importance t o them: 

"These s e n s a t i o n s , so f a r as they b r i n g 
d e f i n i t e forms t o the mind, appear t o be 
r e t i n a l e x c l u s i v e l y . The movements of 
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the e y b a l l s p l a y a g r e a t p a r t i n 
e d u c a t i n g our p e r c e p t i o n , i t i s t r u e , 
but they have n o t h i n g t o do w i t h 
c o n s t i t u t i n g any one f e e l i n g o f form. 
T h e i r f u n c t i o n i s l i m i t e d t o e x c i t i n g 
t h e f e e l i n g o f form " (p. 266). 

Helmholtz ( 1910), c o n s i d e r i n g Sinsteden's w i n d m i l l 

f i g u r e , w r o t e , "...owing t o e x t e r n a l a c c i d e n t s o r 

movements of the eye, f i r s t one o p i n i o n p r e v a i l s , and 

then the o t h e r . But an i n t e n t i o n a l change o f o p i n i o n 

may a l s o be produced by i m a g i n i n g the appearance o f the 

a l t e r n a t i v e f i g u r e " " now conscious a t t e n t i o n 

has been c a l l e d t o the f a c t t h a t i t i s a q u e s t i o n o f 

a p p e r c e p t i o n . " Apperception he d e f i n e d as a p e r c e p t i o n 

accompanied by the sense-impressions i n q u e s t i o n . The 

a p p e r c e p t i o n o f depth he argued i n v o l v e s f a c t o r s which 

demonstrate "the i n f l u e n c e experience has on the seemingly 

d i r e c t p e r c e p t i o n s o f the senses, w i t h which the mental 

a c t i v i t i e s have had n o t h i n g t o do." Thus the p r e s e n t 

o b j e c t one i s v i e w i n g 'awakes' the p r e v i o u s memory 

experiences o f s i m i l a r o b j e c t s which act t o determine 

the present immediate p e r c e p t i o n . 

1.8.3. Summary 

To sum up these e a r l y t h e o r e t i c a l approaches t h e n , 

S l a u g h t e r 0.900 ) concluded t h a t f l u c t u a t i o n s o f a t t e n t i o n 

d i d not depend on e i t h e r a p p e r c e p t i o n or on changes i n 

the sense organs, whereas G u i l f o r d (1927) i n c o n s i d e r i n g 

the f l u c t u a t i o n s of l i m i n a l s t i m u l i , argued t h a t a number 

o f f a c t o r s b o t h p e r i p h e r a l and c e n t r a l were i n v o l v e d . 

Most o f the subsequent t h e o r i e s have tended t o 
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emphasise t h a t a l t e r n a t i o n occurs at some l e v e l i n the 

nervous system h i g h e r than the eye. Thus, i n a sense 

these are c e n t r a l i s t t h e o r i e s , however, they u s u a l l y 

a l s o encompass p e r i p h e r a l f a c t o r s such as eye movements 

thus agreeing w i t h G u i l f o r d . The d i s t i n c t i o n o f these 

l a t e r t h e o r i e s i n t o ' p e r i p h e r a l ' o r ' c e n t r a l ' i s not 

then f u l l y a p p l i c a b l e . However, the next two t h e o r i e s 

c onsidered do r e p r e s e n t a p o s i t i o n which d i s c o u n t s 

p e r i p h e r a l f a c t o r s . 

1.9. MCDOUGALL'S LOCAL FATIGUE THEORY 

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

o f t h e a t t e n t i o n process McDougall (1902, 1903, 1906) 

expounded h i s e s s e n t i a l l y c e n t r a l i s t view. H i s i n t e r e s t 

was i n the " r a t e o f a l t e r n a t i o n o f the s t a t e s o f 

consciousness d u r i n g the s t r u g g l e o f two d i f f e r e n t 

v i s u a l f i e l d s and the changes o f mode o f a p p e r c e p t i o n o f 

ambiguous f i g u r e s . " The v i s u a l s t i m u l u s l a r g e l y used 

f o r h i s work was a t r i a n g u l a r shaped f i g u r e composed o f 

bl a c k d i s c s arranged i n rows and columns, on a w h i t e 

background. He found t h a t movement o f the eyes along 

any o f the l i n e a r groupings ( h o r i z o n t a l , v e r t i c a l o r 

an g u l a r ) o f the dots f a c i l i t a t e d the appearance o f t h a t 

g r o u p i n g . Reversals o f the groupings c o u l d be achieved 

by moving the eyes i n a p a r t i c u l a r f a s h i o n . T h i s , he 

s t a t e s , i s i n accord w i t h the f i n d i n g s o f T i t c h e n e r (1901) 

u s i n g the Schroder s t a i r c a s e and Loeb, (1887) w i t h t he 

Necker cube. McDougall, however, s t r e s s e d the 



29 

importance o f a t t e n t i o n and not the eye movements 

themselves, a l t h o u g h he con s i d e r e d them t o st a n d i n a 

' r e c i p r o c a l ' r e l a t i o n s h i p : 

"each mode o f A t t e n t i o n t o (the f i g u r e ) . . . 
tends t o determine a c e r t a i n mode o f 
a c t i v i t y o f the eye muscles and t h i s 
mode o f a c t i v i t y o f the eye muscles, 
when o t h e r w i s e determined 
( a c c i d e n t a l l y o r v o l u n t a r i l y ) tends t o 
b r i n g about t h a t p a r t i c u l a r mode of 
A t t e n t i o n . " ( p . 487, 1903) 

I n h i s 1906 paper McDougall c o n s i d e r e d the e f f e c t 

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

He proposed t h a t t h i s e f f e c t was i n d i r e c t i n t h a t : 

" i t d i r e c t l y e f f e c t s o n l y the adjustment 
o f the sense-organ and i t i s t h i s 
adjustment o f the sense-organ alone 
which f a v o u r s the predominance of one o r 
o t h e r mode o f p e r c e p t i o n . " ( p > 330). 

He p o i n t e d out t h a t , w i t h p r a c t i c e , i t was p o s s i b l e t o 

p e r c e i v e the a l t e r n a t e forms o f the Schroder and Necker 

f i g u r e s by e x e c u t i n g j u s t those eye movements t h a t were 

advocated by T i t c h e n e r and Loeb as necessary f o r t h e 

a l t e r n a t e aspect and he considered that e i t h e r form c o u l d 

i n f a c t be " c a l l e d at w i l l . " 

For McDougall the e s s e n t i a l d e t e rminant o f 

a t t e n t i o n , a p a r t from the i n t e n s i t y , n o v e l t y o r o t h e r 

c o m p e l l i n g f e a t u r e s o f the sensory s t i m u l u s , was the 

c e r e b r o - i d e a t i o n a l a c t i v i t y , i . e . the " p l a y o f exc i t e m e n t 

among the o r g a n i s e d system o f n e u r a l elements o f which 

the h i g h e r l e v e l s of the b r a i n are composed." 

McDougall proposed t h a t a t t e n t i o n t o any o b j e c t had 

a n e u r a l c o r r e l a t e i n a f l o w o f nervous energy from t h e 
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e f f e r e n t s i d e o f the c e n t r a l nervous system. T h i s 

f l o w i s t h r o u g h some paths which i n c l u d e those o f the 

h i g h e r b r a i n l e v e l s . The p a r t i c u l a r r o u t e the f l o w 

takes i s dependent upon the r e s i s t a n c e o f the p a t h . 

T h i s r e s i s t a n c e i s produced by the process o f nervous 

t r a n s m i s s i o n which i n c l u d e d f a t i g u e . The onset o f 

such f a t i g u e i s d i r e c t l y r e l a t e d t o the degree o f 

' c a n a l i s a t i o n ' o f the p a t h . I n h i g h e r l e v e l paths w i t h 

low c a n a l i s a t i o n a very b r i e f p e r i o d o f nervous 

excitement induces f a t i g u e such t h a t an a l t e r n a t e p a t h 

becomes favoured. According t o McDougall t h e n , t h i s i s 

how a l t e r n a t i o n o f ambiguous and r e v e r s i b l e p e r s p e c t i v e 

f i g u r e s occurs. A r e g u l a r a l t e r n a t i o n occurs between 

the a c t i v i t y o f two r i v a l systems, i n the upper b r a i n 

l e v e l s which r e c i p r o c a l l y i n h i b i t one another. 

1.9.1. Experimental Evidence 

I n an e x p e r i m e n t a l t e s t o f McDougall's l o c a l 

f a t i g u e t h e o r y , F l i i g e l (1913b) found such f a t i g u e was 

not m a n i f e s t e d f o r a l l h i s s u b j e c t s and concluded t h a t 

f a t i g u e p l a y s o n l y a minor r o l e . I n h i s ' O u t l i n e o f 

Abnormal Psychology', McDougall (1926) a l s o proposed 

t h a t the f l u c t u a t i o n o f such f i g u r e s would be r e l a t e d t o 

the p e r s o n a l i t y dimension of i n t r o v e r s i o n - e x t r o v e r s i o n , 

such t h a t i n t r o v e r t s would produce more a l t e r n a t i o n s . 

An e x p e r i m e n t a l attempt t o c o n f i r m t h i s by G u i l f o r d and 

Fr e d e r i n s e n (1934) f a i l e d t o f i n d v i r t u a l l y any c o r r e l a t i o n 

between f l u c t u a t i o n r a t e and the degree o f i n t r o v e r s i o n -

e x t r o v e r s i o n . 
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G u i l f o r d and B r a l y (1931) found no r e l a t i o n s h i p 

between f l u c t u a t i o n r a t e s and e i t h e r the Marston s c a l e 

or Neymann-Kahbted t e s t . McDougall (1929) f u r t h e r 

p r e d i c t e d t h a t e x t r o v e r t s would be more a f f e c t e d by 

a l c o h o l and s i m i l a r drugs. G u i l f o r d and B r a l y (1931) 

found no such r e l a t i o n s h i p . G u i l f o r d and Hunt (1932) 

u s i n g a d i f f e r e n t p e r s o n a l i t y t e s t ( t h e L a i r d t e s t ) 

again found no r e l a t i o n s h i p between f l u c t u a t i o n r a t e 

and e x t r o v e r s i o n . George (1936) c o n s i d e r e d the 

p o s s i b i l i t y t h a t the p e r s o n a l i t y t e s t s confused t r a i t s 

and developed a s c a l e f o r e x t r o v e r s i o n - i n t r o v e r s i o n 

f i n d i n g c o r r e l a t i o n s between scores on t h i s s c a l e and 

f l u c t u a t i o n rates which were i n accord w i t h McDougall. 

Franks and L i n d a h l (1963) a l s o r e p o r t data s u p p o r t i n g 

McDougall but p o i n t out t h a t the o p p o s i t e p o s i t i o n o f 

Eysenck (who proposed t h a t e x t r o v e r t s would show more 

r e v e r s a l s ) c o u l d a l s o be supported i n a m o d i f i e d form 

by t h e i r data. P o r t e r (1938) a l s o supported the i d e a 

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

C o n s i d e r i n g manic depressive p a t i e n t s as d i s p l a y i n g 

e x t r o v e r s i o n t o a p a t h o l o g i c a l degree, P h i l i p (1953) 

compared the r e v e r s a l r a t e s o f a l a r g e number o f 

p s y c h o t i c s on a L i s s a j o u s f i g u r e . There was a s l i g h t 

tendency f o r manic depressives t o r e v e r se l e s s than 

s c h i z o p h r e n i c s ( s i m i l a r l y , Hunt and G u i l f o r d , 1933). 

1.9.2. Summary 

I n c o n c l u s i o n then McDougall's t h e o r y has had 

e q u i v o c a l support w i t h most i n v e s t i g a t o r s examining the 
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proposed p e r s o n a l i t y r e l a t e d f l u c t u a t i o n r a t e . Apart 

from t h i s aspect the t h e o r y i s p r o b a b l y o n l y o f 

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

1.10. SATIATION THEORY 

1.10.1. Kohler and Wallach 

An approach f o r m a l l y e q u i v a l e n t t o t h a t o f McDougall's 

and pre-empting i t (Howard, 1961) was proposed by Kohler 

and Wallach ( 1944) who examined the behaviour of r e v e r s i b l e 

f i g u r e s as p a r t o f t h e i r study o f f i g u r a l a f t e r - e f f e c t s . 

T h e i r f i n d i n g t h a t the speed o f r e v e r s a l i n c r e a s e d w i t h 

v i e w i n g time l e d them t o propose the p r i n c i p l e t h a t " t h e 

prolonged presence o f a f i g u r e i n a g i v e n l o c a t i o n tends 

t o operate a g a i n s t f u r t h e r presence o f t h i s f i g u r e i n 

the same p l a c e . " They cons i d e r e d t h a t : 

"the presence o f a f i g u r e i n the v i s u a l 
f i e l d i s a s s o c i a t e d w i t h a s p e c i f i c 
f i g u r e process i n the v i s u a l s e c t o r o f 
the b r a i n , and t h a t t h i s process g r a d u a l l y 
a l t e r s the medium i n which i t occurs. I n 
a r e v e r s i b l e f i g u r e a r e d i s t r i b u t i o n o f 
the f i g u r e process seems t o occur when 
t h a t change has reached a c e r t a i n l e v e l . " ( p > 270). 

The a l t e r a t i o n o f the medium was r e f e r r e d t o as s a t i a t i o n 

and t h i s o r i g i n a l l y had no p a r t i c u l a r i m p l i c a t i o n s 

beyond the f a c t t h a t the pr o l o n g e d presence o f a f i g u r e 

caused a 'depressed' c o n d i t i o n o f the medium. S a t i a t i o n 

was seen as b e i n g caused by any s p e c i f i c e n t i t y i n the 

v i s u a l f i e l d , i t b e i n g s t r o n g e r i n the more c l o s e d area. 

V i s u a l f i e l d e n t i t i e s were cons i d e r e d as b e i n g a s s o c i a t e d 

w i t h an e l e c t r i c c u r r e n t i n the v i s u a l s e c t o r o f the b r a i n . 
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Kohler and Wallach saw the nerve t i s s u e as a volume 

conductor i n which o n l y e l e c t r o l y t i c c o n d u c t i o n was 

p o s s i b l e . They proposed t h a t the c u r r e n t f l o w e d i n 

s h o r t loops near the boundary o f the o b j e c t , these 

loops becoming l o n g e r f o r f u r t h e r i n s i d e or o u t s i d e 

an o b j e c t . Thus, the g r e a t e s t e f f e c t was a t the 

boundaries and hence the s t r o n g e f f e c t o f c l o s e d areas. 

This ' f i g u r e - c u r r e n t ' had the e f f e c t o f p o l a r i s i n g the 

t i s s u e through which i t f l o w e d thereby e s t a b l i s h i n g 

e l e c t r o t o n u s which s u r v i v e d the p o l a r i s i n g c u r r e n t f o r 

some time and a f f e c t e d a l l subsequent c u r r e n t s i n t h a t 

r e g i o n . 

The term e l e c t r o t o n u s was used t o r e f e r t o two 

t h i n g s . F i r s t l y , t h e i n i t i a l immediate e l e c t r o l y t i c 

p o l a r i s a t i o n o f a l l c e l l s u r f a c e s and secondly, t h e 

more gra d u a l change of p o l a r i s a b i l i t y . S a t i a t i o n was 

f i r s t c onsidered t o be e q u i v a l e n t t o e l e c t r o t o n u s , but 

more u s u a l l y t o the gra d u a l change o f p o l a r i s a b i l i t y . 

I n a l a t e r paper Kohler (1965) d i s t i n g u i s h e d between 

p h y s i c a l and b i o l o g i c a l e l e c t r o n u s u s i n g the term 

s a t i a t i o n as e q u i v a l e n t t o p h y s i c a l e l e c t r o n u s , and 

e l e c t r o t o n u s s o l e l y f o r the l a t t e r . The s a t i a t i n g 

e f f e c t s develop and disappear very q u i c k l y whereas t h e 

e l e c t r o n i c c o n d i t i o n p e r s i s t s f o r some t i m e , enhancing 

and a c c e l e r a t i n g the s a t i a t i n g e f f e c t s o f f u r t h e r c u r r e n t s 

T h i s has the e f f e c t t h a t some t i s s u e s are i n a h i g h 

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

This g i v e s r i s e t o the concept o f s t a t i s t i c a l o r permanent 
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s a t i a t i o n ( r e a l l y an e l e c t r o t o n i c c o n d i t i o n a c c o r d i n g 

Kohler's (1965 ) d e f i n i t i o n s ! 

To e x p l a i n the a l t e r n a t i o n of f i g u r e s K o h l e r and 

Wallach (1944) proposed t h a t the f i g u r e s s e l f - s a t i a t e , 

i . e . , the f i g u r e changes due t o i t s own s a t i a t i n g 

a c t i o n , t h i s b e i n g a temporary form o f s a t i a t i o n . With 

the p e r c e p t i o n o f the f i r s t aspect o f the f i g u r e , 

s a t i a t i o n develops which a c t s a g a i n s t the c o n t i n u e d 

f u r t h e r presence o f t h i s aspect u n t i l some ' c e r t a i n 

l e v e l ' i s reached when the e l e c t r i c c u r r e n t s a s s o c i a t e d 

w i t h the f i g u r e become r e d i r e c t e d so t h a t t h e second 

aspect i s now p e r c e i v e d . T h i s second aspect now 

s a t i a t e s and the e n t i r e process i s then c y c l i c . 

Kbhler and Wallach t y p i c a l l y p r e s c r i b e d steady 

f i x a t i o n o f the s t i m u l u s i n t h e i r experiments and indeed 

p o i n t e d out t h a t t h i s was the o n l y c o n d i t i o n which must 

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

s a t i a t i o n . Regular scanning p a t t e r n s o f eye movements 

were i n c o r p o r a t e d i n t o K ohler's l a t e r work such t h a t 

these developed a "band o f e l e c t r o t o n i c a l l y charged 

t i s s u e . " T h i s then extended the a p p l i c a t i o n o f the 

t h e o r y t o a w i d e r range o f v i e w i n g c o n d i t i o n s . 

1.10.2. P h y s i o l o g i c a l Evidence 

The p h y s i o l o g i c a l l i k e l i h o o d o f such a system has 

been c r i t i c i s e d . Lashley, Chow and Semmes (1951) 

attempted t o d i s r u p t the e l e c t r i c a l c u r r e n t s by l a y i n g 

s t r i p s o f g o l d f o i l on the v i s u a l c o r t e x o f a monkey. 

Such a good e l e c t r i c a l conductor, they argued, s h o u l d 
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d e f l e c t t h e normal f l o w o f c o r t i c a l c u r r e n t so a f f e c t i n g 

the appearance o f the s t i m u l u s . The f a c t t h a t the 

animal c o u l d s t i l l d i s c r i m i n a t e between p a t t e r n s l e a r n e d 

p r i o r t o t h i s s u r g i c a l o p e r a t i o n they took as evidence 

t h a t such a c u r r e n t had l i t t l e o r no r e l a t i o n s h i p t o 

p e r c e p t i o n . Kohler (1965) has countered t h i s c r i t i c i s m 

by p o i n t i n g out t h a t the m e t a l l i c e l e c t r o d e would be so 

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

f l o w through i t , so d i s m i s s i n g the experiment. 

S i m i l a r p r e - and p o s t - o p e r a t i v e performance 

was found i n c a t s by Sperry, Miner and Myers 

( 1965 ) a f t e r s e v e r a l c u t s had been made 

i n t he v i s u a l c o r t e x o f these animals. K o hler (1965) 

argued t h a t , on a n a l y s i n g the post mortem r e p o r t s on 

these animals, they were i n f a c t p r a c t i c a l l y b l i n d a f t e r 

the o p e r a t i o n . To e x p l a i n the animals p o s t - o p e r a t i v e 

performance he suggested t h a t i n the i n i t i a l l e a r n i n g 

phase the animals were p r o b a b l y u s i n g o t h e r cues, as w e l l 

as v i s u a l ones, and these o t h e r cues gave r i s e t o t he 

good l a t e r performance. 

Other workers w h i l s t s u p p o r t i n g s a t i a t i o n t h e o r y 

have considered t h a t attempts t o r e l a t e ' f i g u r a l 

c u r r e n t s ' t o know p r i n c i p l e s o f n e u r a l f u n c t i o n c o u l d 

o n l y be made w i t h d i f f i c u l t y . P r i c e (1967b) a s s e r t s 

such a v i e w p o i n t . Dornic (1967) went f u r t h e r and argued 

t h a t no s p e c i a l p h y s i o l o g i c a l s i g n i f i c a n c e s h o u l d be 

att a c h e d t o the concept o f s a t i a t i o n . 

The main p h y s i o l o g i c a l c r i t e r i a o f Kohler and 



30 

Wallach i s t h a t they a s s e r t t h a t a s t i m u l u s i s i n p u t 

t o a p a r t i c u l a r l o c a t i o n i n the c e n t r a l nervous 

system (Robinson,1972). Robinson i n s t e a d proDOses 

t h a t d i f f e r e n t processes which occur at d i f f e r e n t 

times and pla c e s i n the nervous system are a l l 

r e l e v a n t t o the r e s u l t a n t p e r c e p t i o n which m i l i t a t e s 

a g a i n s t such an argument. 

1.10.3. Expe r i m e n t a l Evidence 

Brown (1955) compared f i g u r a l a f t e r - e f f e c t s and a 

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

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

K6"hler and Wallach). Eowever, Cohen (1959) has found 

t h a t a l t hough t h e r e e x i s t s i m i l a r i t i e s between them 

an a d d i t i o n a l f a c t o r i s r e l e v a n t f o r r e v e r s i b l e 

p e r s p e c t i v e r e v e r s a l s thus q u e s t i o n i n g the p o s s i b l e 

m e d i a t i o n o f both by a common c e n t r a l process. 

Using a t e s t and i n s p e c t i o n f i g u r e o f Rubin's 

cross Hochberg (1950) i n v e s t i g a t e d the n o n - d i r e c t i o n a l 

n a t u r e o f the s a t i a t i o n process; i . e . i f b o t h the t e s t 

and i n s p e c t i o n r e g i o n s f i x a t e d by the s u b j e c t were o f 

the same or o f o p p o s i t e c o l o u r then Kohler and Wallach 

would argue t h a t t h i s s h o u l d make no d i f f e r e n c e t o the 

s a t i a t i n g e f f e c t s o f the t e s t f i g u r e . Hochberg, 

however, found a decrease i n dominant p e r c e p t i o n i f t h e 

c o i n c i d e n t p a r t s o f both f i g u r e s were b l a c k on w h i t e o r 

w h i t e on b l a c k ( t h u s s u p p o r t i n g the g e n e r a l phenomenon 

of s a t i a t i o n ) , but found no change i n the f i g u r e - g r o u n d 

r e v e r s a l i f these c o i n c i d e n t p a r t s were o f o p p o s i t e 



c o l o u r . T h i s i s not e n t i r e l y r e c o n c i l a b l e w i t h such 

a n o n - d i r e c t i o n a l s a t i a t i n g process. 

Cohen (1959) p o i n t s out t h a t Hochberg d i d not 

measure the r a t e o f apparent change (RAC) o f the t e s t 

p a t t e r n . I n a somewhat s i m i l a r experiment Cohen 

pres e n t e d a b l a c k Necker cube on a w h i t e background 

f o l l o w e d by a w h i t e Necker cube on a b l a c k background. 

The RAC o f the second s t i m u l u s was i n c r e a s e d by f i r s t 

v i e w i n g the o t h e r s t i m u l u s . T h i s r e s u l t then s u p p o r t s 

such a n o n - d i r e c t i o n a l s a t i a t i o n process. T h i s f i n d i n g 

o f t h e s a t i a t i o n o f one aspect p r o d u c i n g predominance 

of the o t h e r aspect i n subsequent v i e w i n g o f the 

s t i m u l u s was extended by Carlson (1953) u s i n g a'rod and 

e c l i p s e ' f i g u r e i n t h r e e d i f f e r e n t v e r s i o n s ; one 

ambiguous and two f a v o u r i n g one or o t h e r o f the p o s s i b l e 

i n t e r p r e t a t i o n s . Pre-exposure t o one o f the b i a s e d 

v e r s i o n s d i d produce a f a v o u r e d p e r c e p t i o n o f the 

o t h e r aspect when t e s t e d on the ambiguous v e r s i o n . 

However, Carlson c o n s i d e r e d t h a t t h i s f i n d i n g may have 

been due t o a ' c o n t r a - s u g g e s t i v e response' as a r e s u l t o 

the p r e l i m i n a r y exposure. He t e s t e d t h i s by u s i n g 

t h r e e v e r s i o n s (one ambiguous and two b i a s e d towards 

one o r o t h e r aspect) o f Borin g ' s ambiguous f i g u r e . I n 

t h i s case the p r e v i o u s experience on a b i a s e d v e r s i o n 

l e d t o t h a t same i n t e r p r e t a t i o n of the ambiguous f i g u r e 

t h i s i s i n c o n t r a d i c t i o n t o the f i n d i n g f o r the 

r e v e r s i b l e p e r s p e c t i v e ' r o d and e c l i p s e ' f i g u r e . Carlson 

proposed t h a t t h i s f a i l u r e w i t h the ambiguous f i g u r e was 
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a c t u a l l y i n l i n e w i t h a S a t i a t i o n Theory e x p l a n a t i o n 

by a r g u i n g t h a t Kohler and Wallach's o r i g i n a l f o r m u l a t i o n 

depended upon d i f f e r e n c e s i n the s p a t i a l l o c i o f the 

two f i g u r a l aspects b e i n g t e s t e d . I n Bo r i n g ' s f i g u r e , 

the two aspects do not d i f f e r i n apparent s p a t i a l 

r e l a t i o n s and, t h e r e f o r e , no e f f e c t o f p r i o r s a t i a t i o n 

t o one aspect would be expected t o a f f e c t t h a t aspect 

any d i f f e r e n t l y from the o t h e r . Carlson suggested t h a t 

the meaning o f such ambiguous f i g u r e s was i m p o r t a n t 

and l i k e Leeper (1935) concluded t h a t 'set' or 

'expectancy' was o p e r a t i n g here. To e x p l a i n how the 

p r i o r experience o f one aspect i n t h i s case does not 

l e a d t o s a t i a t i o n o f t h a t aspect, Carlson proposed 

e i t h e r t h a t a change i n the f o r m u l a t i o n o f S a t i a t i o n 

Theory was r e q u i r e d o r a l t e r n a t i v e l y , t h a t such 

ambiguous f i g u r e s were not accountable f o r by t h i s 

t h e o r y . 

Adams and Haire (1959) demonstrated t h a t when a 

s m a l l e r Necker cube was i n s c r i b e d w i t h i n a l a r g e r one 

then i f they were both o f the same o r i e n t a t i o n r e v e r s a l s 

of both o c c u r r e d t o g e t h e r . I f they were o f o p p o s i t e 

o r i e n t a t i o n the s m a l l e r one r e v e r s e d f a s t e r . They 

i n t e r p r e t t h i s as i l l u s t r a t i n g t h a t when they are 

s i m i l a r the f i g u r a l c u r r e n t s r e i n f o r c e one another, 

t h e r e b e i n g l e s s i n t e r a c t i o n o f such c u r r e n t s when t he 

two cubes are o p p o s i t e , 

P e l t o n and S o l l e y (1968) proposed t h a t Kohler and 

Wallach would p r e d i c t f a s t e r a c c e l e r a t i o n o f r e v e r s a l 

r a t e s i n a c o n d i t i o n where t h e s u b j e c t i s asked t o 
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m a i n t a i n one aspect as opposed t o s w i t c h i n g aspects 

( i . e . v o l u n t a r i l y r e v e r s i n g ) q u i c k l y . T h i s i s 

because i n the f i r s t case the s a t i a t i o n o f one aspect 

develops w i t h o u t any confounding e f f e c t s as i n the 

second case. T h e i r r e s u l t s demonstrated f a s t e r 

r e v e r s a l s i n the s w i t c h i n g c o n d i t i o n , thus b e i n g 

a g a i n s t the proposed S a t i a t i o n Theory p r e d i c t i o n . 

Howard (1961) t r i e d t o measure the ' s a t i a t i o n 

p e r i o d ' o f a r o t a t i n g f i g u r e which had a r e l a t i v e l y 

dominant aspect. T h i s p e r i o d r e f e r s t o the time from 

f i r s t exposure o f the s t i m u l u s t o the i n i t i a l 

appearance o f the non-dominant aspect. I n a s e r i e s 

o f experiments, l a r g e l y u s i n g r o t a t i n g w i r e cubes, he 

demonstrated t h a t the cause o f the r e v e r s a l was c e n t r a l . 

With two cubes r o t a t i n g i n o p p o s i t e d i r e c t i o n s and 

employing a c e n t r a l f i x a t i o n p o i n t , s u b j e c t s r e p o r t e d 

t h a t they r e v e r s e d t o g e t h e r . Howard argued t h a t i t i s 

d i f f i c u l t t o c o n s i d e r the eyes t o be f o l l o w i n g b o t h 

r o t a t i o n s a t the same time and so r u l e d out eye movements 

as an e x p l a n a t i o n . B i n o c u l a r s a t i a t i o n p e r i o d s were 

lon g e r than the corresponding monocular ones thus 

s u p p o r t i n g h i s argument t h a t the a l t e r n a t i o n mechanism 

l i e s h i g h e r than the o p t i c chiasma. 

B a s i c a l l y , Howard proposed t h a t t h e s t i m u l u s 

cube s a t i a t e s but not i n the sense o f a 'volume o f 

s a t i a t i o n i n the c o r t e x ' as the s a t i a t i n g e f f e c t d i d 

not t r a n s f e r t o o t h e r s t i m u l i . Rather i t was a " s p e c i f i c 

m ovement-in-depth-cubic-pattern o f s a t i a t i o n . " Thus he 
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argues t h a t h i s r e s u l t s do not support K o h l e r ' s t h e o r y 

of non-neuronal c o n d u c t i o n but does support the 

s a t i a t i o n concept s u g g e s t i n g t h a t ' a u t o - i n h i b i t i o n ' may 

be a b e t t e r term. 

1.10.4. Orbach, E h r l i c h and Heath 

S a t i a t i o n t h e o r y was f u r t h e r extended as an 

e x p l a n a t o r y concept by Orbach, E h r l i c h and Heath (1963). 

These workers suggested t h a t the concept o f s e l f -

s a t i a t i o n a l t h o u g h s u i t a b l e f o r f i g u r e - g r o u n d r e v e r s i b l e 

f i g u r e s was not too a p p r o p r i a t e f o r r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s . I n c o n s i d e r i n g the Necker cube 

they proposed t h a t s p e c i f i c p a r t s o f the f i g u r e may be 

s e l e c t i v e l y v u l n e r a b l e t o s a t i a t i o n , a s u g g e s t i o n they 

acknowledge t o be i n c o n s i s t e n t w i t h K*6hler and Wallach's 

o r i g i n a l f o r m u l a t i o n . 

Using a f i g u r a l a f t e r - e f f e c t s p a r a d i g m w i t h a 

m a i n t a i n e d f i x a t i o n they pre-exposed one or o t h e r o f 

the two p o s s i b l e 'near' faces o f the Necker cube f o r 

one minute, f o l l o w e d by another minute's exposure of the 

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

r e s u l t s o n l y p a r t l y supported the i d e a t h a t s e l e c t i v e 

s a t i a t i o n t o p a r t o f the f i g u r e would a f f e c t i t s 

subsequent appearance i n the t e s t phase. They had a l s o 

p r e d i c t e d t h a t i f one p e r s p e c t i v e d i d predominate 

f o l l o w i n g i n s p e c t i o n then the number o f r e v e r s a l s i n 

the t e s t minute should be reduced. T h i s again was o n l y 

p o o r l y supported. 
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A b e t t e r e x p l a n a t i o n they then proposed was 

t h a t the e n t i r e f i g u r e s a t i a t e s , t h i s b e i n g a s a t i a t i o n 

o f apparent o r i e n t a t i o n . I n t h i s f o r m u l a t i o n s a t i a t i o n 

of the i n i t i a l dominant p e r c e p t begins r a p i d l y and 

then more g r a d u a l l y u n t i l a t h r e s h o l d ( t a k e n as 100% 

s a t i a t i o n ) i s reached when the o t h e r aspect then 

becomes p e r c e i v e d . S a t i a t i o n of the f i r s t aspect now 

decreases w h i l s t t h a t f o r the non-dominant aspect 

i n c r e a s e s u n t i l the t h r e s h o l d i s again reached. T h i s 

process then r e p e a t s i t s e l f thus p r o d u c i n g the r e p o r t e d 

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

I n t h i s account o f s a t i a t i o n t h e o r y a decay of 

s a t i a t i o n w i l l occur when the f i g u r e i s removed. Thus, 

w i d e l y spaced and b r i e f exposures o f the f i g u r e w i l l 

p e r m i t s a t i a t i o n t o decay t o a minimum val u e a f t e r 

each p r e s e n t a t i o n such t h a t the t h r e s h o l d o f r e v e r s a l 

w i l l never be reached and so o n l y the dominant aspect 

w i l l be r e p o r t e d . They proposed t h a t t h i s decays t o 

near zero i n some 800 ras. A f a s t e r p r e s e n t a t i o n r a t e 

would cause the r e s i d u a l decaying o f s a t i a t i o n t o 

summate so e v e n t u a l l y r e a c h i n g the t h r e s h o l d and 

causing a p e r s p e c t i v e r e v e r s a l . 

1,10.5. E x p e r i m e n t a l Evidence 

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

the s t i m u l u s p r e s e n t a t i o n r a t e was c o n f i r m e d by Orbach, 

E h r l i c h and Heath (1963) u s i n g the Necker cube - the 

number o f r e v e r s a l s which were r e p o r t e d a t v a r i o u s 

p r e s e n t a t i o n r a t e s (25.min7 1- 1200.min7f w i t h v a r i o u s 
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s t i m u l u s o n / o f f r a t i o s ) depended upon the ' s t i m u l u s - o f f ' 

Orbach and Zucker (1965) c o n f i r m e d t h a t w i t h s u i t a b l e 

' t i m e - o f f p e r i o d s r e v e r s a l never o c c u r r e d 

d e m o n s t r a t i n g t h a t the growth of s a t i a t i o n i n such 

c o n d i t i o n s was p r e v e n t e d from r e a c h i n g the c r i t i c a l 

r e v e r s a l l e v e l . 

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

r e v e r s a l r a t e i n more c o n t i n o u s v i e w i n g o f the s t i m u l u s , 

K o l e r s (1964) found a f a s t e r r e v e r s a l r a t e when the 

Necker cube was p r e s e n t e d at about t h r e e times a second . 

He suggested t h a t S a t i a t i o n Theory was inadequate t o 

e x p l a i n t h i s . 

F u r t h e r work has attempted t o i n f l u e n c e the decay 

o f s a t i a t i o n by u s i n g i n t e r p o l a t e d f i g u r e s between the 

successive p r e s e n t a t i o n s o f the r e v e r s i b l e p e r s p e c t i v e 

f i g u r e . Orbach, E h r l i c h and V a i n s t e i n (1963) found 

t h a t i n t e r p o l a t i n g a Necker cube w i t h a s i m i l a r a x i s o f 

o r i e n t a t i o n t o the i n i t i a l Necker cube s t i m u l u s 

produced a s h i f t towards the r e v e r s a l r a t e found i n 

continuous v i e w i n g o f t h i s s t i m u l u s , i . e . the 

i n t e r p o l a t i o n a f f e c t e d the decay of s a t i a t i o n . These 

e f f e c t s were a l s o found i f the i n s p e c t i o n cube was 

p r e s e n t e d t o one eye and the i n t e r p o l a t i n g cube t o the 

o t h e r eye, thus p r e s e n t i n g s t r o n g evidence t h a t r e v e r s a l s 

are the r e s u l t o f some mechanism more c e n t r a l than the 

eyes themselves ( a t l e a s t at a l e v e l where b i n o c u l a r 

i n t e r a c t i o n can o c c u r ) . Olson and Orbach (1966) have 

Zucker and Olson (1966) d u r a t i o n . [ A l s o found by Orbach 
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a l s o employed p a r t s o f the Necker cube as an i n t e r 

p o l a t i n g s t i m u l u s . 

Orbach and Zucker (1964) compared the r a t e o f 

apparent change of a r o t a t i n g Necker cube w i t h t h a t 

o f a s t a t i c Necker cube, and found the former t o be 

l e s s , i n t e r p r e t i n g t h i s as d e m o n s t r a t i n g t h a t the 

s a t i a t i o n was i n h i b i t e d from r e a c h i n g the c r i t i c a l 

r e v e r s a l l e v e l by the r o t a t i o n . 

Heath, E h r l i c h and Orbach (1963) a l s o demonstrated 

t h a t the r e v e r s a l r a t e o f the Necker cube was 

a f f e c t e d by f a c t o r s ( h e a t , w h i t e noise and f l i c k e r ) 

which have a ' c e n t r a l ' o r i g i n , whereas such ' p e r i p h e r a l ' 

f a c t o r s as l u m i n o s i t y of the s t i m u l u s l i n e s or background 

i l l u m i n a t i o n had l i t t l e e f f e c t . F u r t h e r evidence 

t h a t the s a t i a t i o n e f f e c t i s c e n t r a l i n o r i g i n . 

Orbach and Zucker (1964) agree t h a t s a t i a t i o n o f 

o r i e n t a t i o n occurs at a l e v e l h i g h e r than t h a t o f 

p r i m a r y v i s u a l p r o j e c t i o n ( K o h l e r and Wallach's p r o p o s a l ) 

and operates i n d e p e n d e n t l y of r e t i n a l l o c u s , 

P e l t o n (1969) has c r i t i c i s e d the s a t i a t i o n o f 

o r i e n t a t i o n e x p l a n a t i o n as b e i n g inadequate, s u g g e s t i n g 

t h a t the ' t i m e - o f f p e r i o d s used by Orbach e t a l . are 

analogous t o b l i n k i n g w i t h the r e v e r s a l s o c c u r r i n g i n 

the ' f i g u r e - o f f p e r i o d and not w h i l e the s t i m u l u s i s 

b e i n g viewed. Orbach and Olson (1969) have r e p l i e d t o 

t h i s r e a s s e r t i n g t h e i r view t h a t r e v e r s a l s occur i n 

the ' f i g u r e - o n ' t i m e . They p o i n t out t h a t P e l t o n 

produces no data t o support h i s argument. 
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1.10.6. P r i c e 

P r i c e (1967b ) , f o l l o w i n g Smith and Raygor's (1956) 

d e f i n i t i o n o f s a t i a t i o n as "a r e d u c t i o n i n t h e 

e f f e c t i v e n e s s o f a s t i m u l u s w i t h c o n t i n u e d exposure", 

conceives o f s a t i a t i o n as causing an i n h i b i t i o n o f 

i n f o r m a t i o n p e r c e p t i o n . 

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

becomes m i s p e r c e i v e d ( i . e . the a l t e r n a t i v e aspect i s 

r e p o r t e d ) t h i s then p e r m i t s a r e s t p e r i o d d u r i n g which 

the s a t i a t i o n d i s s i p a t e s spontaneously. T h i s i s i n 

c o n t r a s t t o Orbach*s f o r m u l a t i o n which c o n s i d e r s 

s a t i a t i o n t o a f f e c t both aspects. P r i c e argues t h a t 

s a t i a t i o n mainly, o r wholly, a f f e c t s the i n i t i a l dominant 

per c e p t ( P I ) , the non—dominant (P2) p e r c e p t p r o v i d i n g a 

recovery phase which i s s i m i l a r t o B i l l s ' (1931) concept 

o f b l o c k i n g . The P2 phase, P r i c e argues, i s thus 

f a i r l y c o n s t a n t over time and does not decrease, u n l i k e 

the PI phase which does decrease w i t h exposure t i m e . Thus 

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

i n c r e a s i n g r e v e r s a l r a t e . 

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

dominant ( P I ) cues and non dominant (P2) cues. The 

dominant cues p r o v i d e v e r i d i c a l i n f o r m a t i o n ( t h i s a l s o 

i n c l u d e s past e x p e r i e n c e ) about the i n i t i a l aspect 

p e r c e i v e d , whereas the non dominant cues, p r o v i d e 

ambiguous or f a l s e i n f o r m a t i o n . The e f f e c t i v e n e s s o f 

the dominant cues i s reduced by an increment i n 

' c o n d i t i o n a l s a t i a t i o n ' when a r e v e r s a l occurs. T h i s 
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produces the decrease i n PI d u r a t i o n towards some 

asy m p t o t i c l e v e l . P r i c e ( 1969 } a ) g i v e s t h i s l e v e l 

as b e i n g a f t e r about t e n p e r s p e c t i v e r e v e r s a l s . The 

d u r a t i o n o f the P2 phase i s f a i r l y s h o r t thus p e r m i t t i n g 

n e g l i g i b l e s a t i a t i o n t o accrue and so the P2 ti m e 

remains s h o r t and f a i r l y c o n s t a n t over the o b s e r v a t i o n 

p e r i o d . 

P r i c e assumes t h a t r e v e r s a l occurs when some 

constant c r i t i c a l s a t i a t i o n l e v e l i s reached, i n t h i s 

r e s pect t h i s i s s i m i l a r t o Orbach's approach. 

1.10.7. Experimental Evidence 

Using a s i n g l e Howard cube ( i . e . a r o t a t i n g 

s k e l e t a l cube, so c a l l e d a f t e r Howard, 1961) and m a i n t a i n e d 

f i x a t i o n P r i c e (1967,b ) con f i r m e d h i s p r e d i c t e d decrease 

i n P I d u r a t i o n and f a i r l y c o n s t a n t P2 t i m e . T h i s 

f i n d i n g was f u r t h e r extended t o the Beaunis ' p i l e o f 

cubes' f i g u r e (1967a). These demonstrations t h a t the 

inc r e a s e i n r e v e r s a l r a t e w i t h l o n g e r v i e w i n g t ime are 

due t o a decrease i n PI d u r a t i o n are i n c o n t r a d i c t i o n t o 

the f o r m u l a t i o n o f Orbach, E h r l i c h and Heath (1963 ) . 

A c c o r d i n g t o these workers both p e r c e p t s s h o u l d show a 

decrease i n d u r a t i o n . P r i c e suggests t h a t the o n l y way 

t o e x p l a i n h i s r e s u l t s by such a f o r m u l a t i o n would be t o 

assume e i t h e r two w i d e l y d i f f e r e n t t h r e s h o l d s f o r each 

aspect o r e l s e t h a t s a t i a t i o n develops more r a p i d l y f o r 

one than the o t h e r aspect. 

The a s y m p t o t i c l e v e l o f r e v e r s a l r a t e found by 

P r i c e i s s e r i o u s l y q u e s t i o n e d by Bruner, Postman and 
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and M o s t e l l e r ' s (1950) r e s u l t s . Using l o n g o b s e r v a t i o n 

p e r i o d s w i t h the Schroder s t a i r c a s e these r e s e a r c h e r s 

found t h a t the r e v e r s a l r a t e s t i l l d e c l i n e d w e l l 

a f t e r P r i c e ' s proposed a s y m p t o t i c l e v e l had been 

reached. Subsequently P r i c e (1969a) i n v e s t i g a t e d 

20 r e v e r s a l s o f the Howard cube and found t h a t 

whereas the P2 phase remained f a i r l y c o n s t a n t t h r o u g h b u t , 

the PI phase d e c l i n e d o n l y d u r i n g the f i r s t h a l f o f the 

experiment, as p r e d i c t e d , but then began t o show q u i t e 

wide v a r i a t i o n s i n d u r a t i o n . T h i s P r i c e a t t r i b u t e s t o 

problems o f m a i n t a i n i n g f i x a t i o n over the course o f 

the experiment. S i m i l a r f i n d i n g s o f fewer r e v e r s a l s 

i n l a t e r p e r i o d s of the experiment are e v i d e n t i n the 

Bruner e t a l . study ( i . e . the l a s t 5 minutes i n the t e n 

minute o b s e r v a t i o n p e r i o d ) . I n P r i c e ' s experiment 

t h i s e f f e c t occurs w e l l w i t h i n 4 minutes, such d i f f e r e n c e 

i n onset o f the 'breaking up' o f the PI phase, he 

suggests are due t o the d i f f e r e n t s t i m u l i and methodology 

used, His c o n t e n t i o n i s t h a t t h i s e f f e c t i s due t o 

f l u c t u a t i o n s i n aspect d u r a t i o n r a t h e r than any 

s y s t e m a t i c i n c r e a s e i n d u r a t i o n o f e i t h e r phase a f t e r 

some time o f o b s e r v a t i o n . 

E s s e n t i a l l y P r i c e supports the concept o f s a t i a t i o n 

but proposes t h a t the time s e r i e s o f r e v e r s a l s i n v o l v e s 

two d i f f e r e n t processes. Sadler and M e f f e r d (1970) have 

s t r o n g l y c r i t i c i s e d P r i c e , a r g u i n g t h a t h i s l o n g e r PI 

d u r a t i o n s were a r e s u l t o f h i s methodology which had the 

e f f e c t o f ' s e t t i n g ' h i s s u b j e c t s t o f a v o u r t h i s p e r c e p t . 
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For i n s t a n c e , the i n i t i a l l o n g P I d u r a t i o n on the 

f i r s t p r e s e n t a t i o n o f the s t i m u l u s i s , P r i c e argues, 

i n c r e a s e d by s t i m u l u s c o m p l e x i t y (e.g. the Beaunis 

f i g u r e compared t o the Necker cube). However, Sadler 

and M e f f e r d p o i n t out t h a t t h i s i n i t i a l phase a c t u a l l y 

i n v o l v e s s e v e r a l d i f f e r e n t processes f o r the s u b j e c t 

as he attempts t o o r i e n t h i m s e l f t o the e x p e r i m e n t a l 

t a s k which makes t h i s f i r s t phase d i f f e r e n t t o 

subsequent PI phases. P r i c e (1971) has r e p l i e d 

by p o i n t i n g out t h a t h i s methodology i s very d i f f e r e n t 

from t h a t o f Sadler and M e f f e r d and so i t i s 

d i f f i c u l t t o compare the two s e t s of d i f f e r e n t r e s u l t s 

o b t a i n e d . The l a t t e r workers o b t a i n r e s u l t s more 

c o n s i s t e n t w i t h a random process than w i t h a steady-

s t a t e process as would be expected by a s a t i a t i o n t h e o r y 

(A t h r e s h o l d dependent event such as s a t i a t i o n s hould 

occur w i t h a c e r t a i n r e g u l a r i t y ) . I n a r e j o i n d e r t o 

P r i c e ( S a d l e r and M e f f e r d , 1971) they c r i t i c i s e him 

b o t h f o r not f u l l y e x p l a i n i n g what happens i n the P2 

phase as w e l l as f o r smoothing h i s data by u s i n g group 

averaging processes. Sadler and M e fferd's approach i s 

c o n s i d e r e d i n more d e t a i l i n a l a t e r s e c t i o n . 

1.10.8. Dornic 

D o r n i c (1967) uses s a t i a t i o n as a d e s c r i p t i v e term, 

having no p h y s i o l o g i c a l s i g n i f i c a n e , f o r a s i n g l e 

c e n t r a l process. Using a r o t a t i n g w i r e cube he s t u d i e d 

the s t a b i l i t y o f p e r c e p t o f a g i v e n a l t e r n a t i v e by 

suddenly removing e i t h e r b i n o c u l a r depth cues ( c o v e r i n g 
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one eye) or complete o p t i c a l c o n t a c t w i t h the s t i m u l u s 

( c o v e r i n g b o t h eyes). The e f f e c t i v e n e s s o f these 

procedures at p r o d u c i n g an i n s t a n t r e v e r s a l o f the 

percept D o r n i c took t o r e p r e s e n t the degree o f 

s a t i a t i o n t h a t had accrued t o the p r e s e n t aspect, up 

t o t h a t i n s t a n t , and hence r e p r e s e n t e d a measure o f 

the s t a b i l i t y o f t h a t aspect. I n b o t h cases o f 

v i s u a l o c c l u s i o n , s i m i l a r t r e n d s were found, the 

b i n o c u l a r s i t u a t i o n p r o d u c i n g a l o n g e r s a t i a t i o n 

p e r i o d . D o r n i c thus proposed t h a t s a t i a t i o n o f t h e 

c u r r e n t p e r c e p t b u i l t up t o a maximum when i t then 

'blocked' i t s e l f and so a r e v e r s a l o c c u r r e d . 

Thus, p e r s p e c t i v e r e v e r s a l s occur at some 

maximum o f some u n d e r l y i n g process ( s a t i a t i o n ) . 

T h i s i s i n c o n t r a d i c t i o n t o Kunnapas 0.966 ) who 

proposed t h a t a r e v e r s a l o c c u r r e d when such an under

l y i n g process was a t a minimum, Dornic argued t h a t 

i n f i g u r e s where t h e r e was not an equal p r o b a b i l i t y o f 

p e r c e i v i n g b o t h v e r s i o n s the s a t i a t i o n i n t e n s i t y was 

not i n i t i a l l y a t zero. To e x p l a i n the i n c r e a s i n g 

r e v e r s a l r a t e found w i t h o b s e r v a t i o n o f the r o t a t i n g 

cube, Dor n i c ' s model assumed a c o n s t a n t s a t i a t i o n l e v e l 

which must be a t t a i n e d b e f o r e r e v e r s a l c o u l d occur and 

t h a t w i t h time the speed of s a t i a t i o n i n c r e a s e d t h u s 

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

p e r i o d s . He a l s o proposed a m o d i f i c a t i o n o f t h i s which 

again p r e d i c t e d f a s t e r r e v e r s a l s w i t h t i m e . T h i s 

assumed a c o n s t a n t speed o f s a t i a t i o n but w i t h a 
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c r i t i c a l s a t i a t i o n ' r e v e r s a l l e v e l t h a t decreased 

w i t h o b s e r v a t i o n time. D o r n i c c o n s i d e r e d t h a t the 

r e v e r s a l frequency must u l t i m a t e l y s t a b i l i s e . 

1.10. 9. Attneave 

Attneave (1971) proposes t h a t the G e s t a l t 

p r i n c i p l e o f pragnanz, o r minimum complexity, i s 

i m p o r t a n t i n the p e r c e p t i o n o f such ambiguous or 

r e v e r s i b l e p e r s p e c t i v e f i g u r e s . He argues t h a t " t h e 

p e r c e p t u a l system employs something l i k e a C a r t e s i a n 

c o - o r d i n a t e system t o l o c a t e and d e s c r i b e t h i n g s i n 

space." He considered(1968 ) t h a t f i g u r e s such as 

groupings o f t r i a n g l e s i n v o l v e some r e l a t i o n s h i p w i t h 

such a c o - o r d i n a t e system so t h a t they appear t o be 

m u l t i s t a b l e and makes the comparison (1971) between 

the m u l t i s t a b i l i t y of a two aspect r e v e r s i b l e 

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

t h i s arrangement an ongoing process i n h i b i t s the o t h e r 

process u n t i l the l a t t e r begins t o conduct. A p o s i t i v e 

feedback loop q u i c k l y makes t h i s second process 

dominant and i n h i b i t s the p r e v i o u s l y a c t i v e process. 

The feedback loop p r o v i d e s some s t a b i l i s a t i o n o f t he 

c u r r e n t p e r c e p t . This c y c l e i s then repeated. 

I n the v i s u a l system he supposes t h a t f a t i g u e o r 

s a t i a t i o n of n e u r a l s t r u c t u r e s causes t h i s r e v e r s a l 

process t o occur. 

Attneave's model i s thus f u n c t i o n a l l y e q u i v a l e n t 

t o a s a t i a t i o n t h e o r y approach (Murray and Ragland, 1976), 

a l t h o u g h h i s arguments i n v o l v e t h e matching of the 
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v i s u a l i n p u t t o more than the one schema and i n t h i s 

r e s p e c t shares s i m i l a r i t i e s w i t h Hochberg"s (L968 ) 

t h e o r y . 

1.10.10, Summary 

S a t i a t i o n t h e o r y has undergone s e v e r a l changes 

over the years and w h i l s t modern r e s e a r c h e r s would not 

accept Kohler and Wallach's o r i g i n a l p h y s i o l o g i c a l 

e x p l a n a t i o n s t h e r e s t i l l e x i s t s evidence t o support 

some k i n d o f s a t i a t i n g process at some h i g h l e v e l o f 

the c e n t r a l nervous system. 

Evidence o f s a t i a t i o n o f s p e c i f i c n e u r a l 

mechanisms has been pre s e n t e d by V i r s u (1975) u s i n g a 

Schroder s t a i r f i g u r e p resented i n a stereogram. 

I n i t i a l i n s p e c t i o n v e r s i o n s p r e s e n t e d t o s u b j e c t s 

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

o t h e r aspect. They were then t e s t e d on a stereogram 

c o n t a i n i n g no d i s p a r i t y ( i , e . 'ambiguous' v e r s i o n ) . 

Pre-exposure t o a b i a s e d v e r s i o n produced l e s s r e p o r t s 

of t h a t p e r s p e c t i v e when t e s t e d on the f i n a l s t i m u l u s . 

V i r s u takes t h i s as s u p p o r t i n g a s a t i a t i o n t h e o r y 

approach and proposes t h a t i n t h i s p a r t i c u l a r case 

s a t i a t i o n i n d i s p a r i t y - s p e c i f i c n e u r a l mechanisms 

would be s u f f i c i e n t t o induce the r e v e r s a l s . 

Other approaches (e.g. D o r n i c ) shy away from such 

p o s s i b l e p h y s i o l o g i c a l e x p l a n a t i o n s . 

Some work has c o n t r a s t e d the adequacy o f the d i f f e r e n t 

s a t i a t i o n t h e o r y e x p l a n a t i o n s ; e.g. Cornwell (1976) 

compared Kohler and Wallach's p r e d i c t i o n s o f the r e v e r s a l 
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r a t e of an incomplete Necker cube a g a i n s t those o f 

Orbach e t a l . f i n d i n g evidence s u p p o r t i v e of the 

former t h e o r y . 

Research i n t o S a t i a t i o n Theory has c o n c e n t r a t e d 

on r e v e r s i b l e p e r s p e c t i v e f i g u r e s ( m a i n l y the Necker 

cube) c h i e f l y u s i n g c o n d i t i o n s o f f i x a t i o n so t h a t , 

i n g e n e r a l , p o s s i b l e e x p l a n a t o r y f a c t o r s such as eye 

movements are not invoked. S a t i a t i o n Theory, i n one 

of i t s v a r i o u s guises, s t i l l remains a p l a u s i b l e 

candidate t o e x p l a i n the behaviour of these s t i m u l i . 

1.11. LEARNING THEORY 

Learning Theory has been a p p l i e d t o r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s by Ammons, U l r i c h and Ammons (1959) . 

The b a s i c h y p o t h e s i s b e i n g t h a t w i t h i n c r e a s e d v i e w i n g 

time, r e v e r s a l r a t e w i l l i n c r e a s e . S e l f reward ( t h e 

s a t i s f a c t i o n o f f o l l o w i n g the experimenter's i n s t r u c t i o n s 

s u c c e s s f u l l y ) i s seen as r e i n f o r c i n g the s u b j e c t (S) 

i n making a response t o each p e r c e p t . The S uses cues 

f o r r e v e r s a l which he g r a d u a l l y l e a r n s t o produce 

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

s i m i l a r p r o p o s a l was made i n an e a r l i e r paper by 

Ammons (1954). 

Ammons e t a l . used Ss who had p r e v i o u s l y had up t o 

20 minutes p r a c t i c e a t r e v e r s i n g the Necker cube and 

were then r e q u i r e d t o view t h i s s t i m u l u s f o r t e n 15 

minute t r i a l s s eparated by e i t h e r a few hours o r s e v e r a l 
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days. The Ss were i n s t r u c t e d t o reverse the s t i m u l u s 

as f a s t as p o s s i b l e and responses were recorded e i t h e r 

v e r b a l l y or on a t y p e w r i t e r . At the end o f each t r i a l 

t he Ss made d e t a i l e d i n t r o s p e c t i v e notes. 

Group mean performance was found t o i n c r e a s e over 

the t r i a l s from 35 t o 120 r e v e r s a l s per 30s p e r i o d . 

D u r i n g each t r i a l , performance rose and then d e c l i n e d 

a f t e r about 7 minutes. A f t e r c o r r e c t i n g f o r the i n i t i a l 

'warm up' decrement Ammons e t a l . conclude t h a t 

reminiscence occurs over the r e s t p e r i o d s . 

They proposed t h a t Ss may use 'primary' cues, such 

as f o v e a l or no n - f o v e a l s p a t i a l arrangements o f f i g u r e 

p a r t s , which are r e l e v a n t t o depth p e r c e p t i o n , and which 

they have l e a r n e d i n the course o f t h e i r l i v e s . I n 

t h i s experiment the Ss were h i g h l y m o t i v a t e d t o r e v e r s e 

the f i g u r e as f a s t as p o s s i b l e thus the S l e a r n s t o 

a t t e n d t o c r i t i c a l o r e f f e c t i v e cues and then l e a r n s t o 

produce these cues h i m s e l f t o e l i c i t t he a p p r o p r i a t e 

p e r c e p t u a l response. An example o f such a cue i s 

b l i n k i n g which may i n i t i a l l y be randomly f o l l o w e d by 

a depth r e v e r s a l but e v e n t u a l l y comes t o e l i c i t t he 

r e v e r s a l . 

The i n t r o s p e c t i v e r e p o r t s i n d i c a t e d t h a t t h e Ss 

had indeed found cues a s s o c i a t e d w i t h r e v e r s a l and had 

then l e a r n e d t o produce these cues themselves ( e.g. 

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

A d d i t i o n a l p e r c e p t u a l e f f e c t s were a l s o r e p o r t e d 

by the Ss. these i n c l u d e d f r a g m e n t a t i o n o f the cube. 
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Ammons e t a l . i n t e r p r e t f r a g m e n t a t i o n as i m p o r t a n t 

f o r a l e a r n i n g t h e o r y e x p l a n a t i o n o f depth p e r c e p t i o n 

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

"unless the S makes a ' f u l l ' depth response 
t o a cube now and then d u r i n g p r a c t i c e 
( a c t u a l l y f e e l s and looks at a cube), the 
depth p e r c e p t u a l response w i l l e x t i n g u i s h . 
That i s , o t h e r responses w i l l come t o be 
made t o the drawing o f the cube." (p.164). 

They f u r t h e r p o i n t out that, f r a g m e n t a t i o n can be 

i n t e r p r e t e d i n a H u l l i a n type sense by assuming the 

S can respond t o the cube w i t h any of a number of 

responses (a h a b i t f a m i l y h i e r a r c h y ) . The p a r t i c u l a r 

'cube-response' i s e l i c i t e d by v e r b a l cues from the 

experimenter or i s s e l f - p r o d u c e d and t h i s response i s 

then s t r e n g t h e n e d by s e l f - r e w a r d . Reactive i n h i b i t i o n 

( I r ) s p e c i f i c t o the cube response i s generated w i t h 

each response made. Thus I accumulates over time 

depending upon the response frequency, and so the 

tendency t o make t h i s 'cube-response' weakens so t h a t 

o t h e r responses (e.g. f r a g m e n t a t i o n ) begin t o occur. 

This i n t e r p r e t a t i o n they p o i n t out i s r e l a t i v e l y 

c ompatible w i t h s a t i a t i o n t h e o r y . Duncan (1956) had 

e a r l i e r reviewed the evidence on both I and s a t i a t i o n 

and a l s o concluded t h a t they were s i m i l a r i n many 

r e s p e c t s . These are : both develop as a consequence 

of a f f e r e n t s t i m u l a t i o n ; both d i s t o r t behaviour away 

from some s t a n d a r d ; both decay r a p i d l y when the s t i m u l u s 

i s removed, and both develop q u i c k l y when i t i s p r e s e n t e d . 

The main d i f f e r e n c e is t h a t they show d i f f e r e n t r a t e s 
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of d i s s i p a t i o n f o l l o w i n g a s i n g l e s t i m u l a t i o n p e r i o d . 

Duncan negates the o t h e r d i f f e r e n c e between the two 

concepts i n terms of s a t i a t i o n b e i n g a c e n t r a l 

phenomenon and I b e i n g p e r i p h e r a l ( c o n f i n e d t o the 

responding e f f e c t o r organs) as some workers 

had shown the l a t t e r not t o be the case, hence b o t h he 

argues can be considered c e n t r a l i n o r i g i n . 

1.11.1. Experimental Evidence 

L i t t l e or no d i r e c t e x p e r i m e n t a l t e s t i n g o f such 

a l e a r n i n g Theory approach has been undertaken. However, 

some researchers note t h a t the e f f e c t o f p r a c t i c e i n 

i n c r e a s i n g r e v e r a l r a t e (Cohen, 1959; S p i t z and Lipman, 

1962) i s not i n c o n s i s t e n t w i t h such a t h e o r y ( C o r n w e l l , 

1976). 

P r i c e (1967,b ) argued t h a t l e a r n i n g t h e o r y would 

p r e d i c t s h o r t e r d u r a t i o n of the i n i t i a l dominant phase 

( P i ) on spaced v i e w i n g t r i a l s than on massed t r i a l s . 

H is r e s u l t s d i d not support t h i s . T h i s p r e d i c t i o n , 

however, r e q u i r e s acceptance of P r i c e ' s argument t h a t 

P2 d u r a t i o n remains c o n s t a n t . Vaegen (1976), u s i n g a 

r o t a t i n g s t i m u l u s , found t h a t Ss r e p o r t e d s e v e r a l new 

and d i f f e r e n t p e r c e p t s besides r e v e r s a l s . This he 

argues i s d i f f i c u l t t o r e c o n c i l e w i t h a Le a r n i n g Theory 

approach as Ss are r e p o r t i n g t h i n g s they have not seen 

b e f o r e . 

1.11.2. Summary 

Amnions, U l r i c h and Ammons (1959) f a i l t o present 

a c o m p l e t e l y worked out f o r m a l t h e o r y - a f a i l i n g which 
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they themselves acknowledge. For i n s t a n c e they make 

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

u n f o r t u n a t e l y do not r e l a t e these t o t h e i r a c t u a l 

data (e.g. they f a i l t o say when the r e p o r t e d 

f r a g m e n t a t i o n began i n the course o f the experiment;. 

Many of the e f f e c t s o f I are s i m i l a r t o s a t i a t i o n , 

thus d i f f e r e n t r e s e a r c h e r s may simply be u s i n g d i f f e r e n t 

terms t o r e f e r t o the same u n d e r l y i n g process. 

1.12. ALTERNATION AS A STOCHASTIC PROCESS 

F o l l o w i n g Coombs' (1952) d i s t i n c t i o n between 

phenotype and genotype behaviour, Kiinnapas (1961) 

i n v e s t i g a t e d the "perceptual process' (genotype) 

which he considered t o u n d e r l i e the observed 

f l u c t u a t i o n s (phenotype). T h i s u n d e r l y i n g process 

he termed the ' f i g u r a l p r o c e s s 1 . 

iCunnapas does not s t a t e whether t h i s i s 

p h y s i o l o g i c a l or p s y c h o l o g i c a l i n n a t u r e o n l y t h a t 

the i n t e n s i t y o f such a process i s v a r i a b l e over t i m e 

and i s measurable i n p s y c h o l o g i c a l u n i t s . The 

e s s e n t i a l l y s t o c h a s t i c n a t u r e o f t h i s process i s 

assumed: 

"Each s u b j e c t i s presumed t o act as though 
he r e f e r s h i s p e r c e p t i o n s t o s c a l e s o f 
e x t e n t o r degree, and h i s momentary 
responses are s u b j e c t e d t o random v a r i a t i o n s 
on these s c a l e s . The judgemental 
v a r i a b i l i t y i s caused by the i m p e r f e c t 
d i s c r i m i n a t i o n o f s t i m u l i . . . " 

(p.175) 
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The two aspects o f an ambiguous or r e v e r s i b l e 

f i g u r e are assumed t o g i v e r i s e t o two c o n f l i c t i n g 

processes (Kunnapas, 1966) both o f which have some 

value on a continuum of process i n t e n s i t y . The 

a l g e b r a i c d i f f e r e n c e between the two separate 

i n t e n s i t i e s i s the i n t e n s i t y o f the r e s u l t i n g f i g u r a l 

process. Assuming each o f the processes v a r i e s 

randomly then 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 

a l a r g e number o f times the separate i n t e n s i t i e s w i l l 

form a normal d i s t r i b u t i o n and the normal d e v i a t e 

r e p r e s e n t s the i n t e n s i t y o f the f i g u r a l process. 

Upon s t i m u l u s p r e s e n t a t i o n t h i s f i g u r a l process 

i s c o nsidered t o grow r a p i d l y and reach some l e v e l 

which i s f a i r l y constant except f o r a p e r i o d i c 

v a r i a t i o n over time. Kunnapas p r e d i c t s m a t h e m a t i c a l l y 

t h a t t h i s v a r i a t i o n w i l l form a s i n e wave. Random 

v a r i a t i o n between t r i a l s w i l l cause the s i n e wave t o 

have amplitude damping over time (caused e i t h e r by the 

two phases having a d i f f e r e n t frequency between t r i a l s 

which i n c r e a s e s w i t h time or e l s e t h e d i s p e r s i o n s 

accumulate from phase t o phase w i t h t i m e ) . 

E x p erimental support f o r t h i s i s p r o v i d e d by 

Kunnapas (1966) u s i n g m u l t i s e c t o r e d d i s c s and 100 e x p e r i m e n t a l 

t r i a l s . 

D o r nic ( 1 9 6 7 ) , as d e t a i l e d e a r l i e r , ( s e c t i o n 1.10.8 ) 

has argued f o r an u n d e r l y i n g s i n g l e process which b u i l d s 

up t o a maximum be f o r e a l t e r n a t i o n o c c u r s , t h i s i s i n 

sharp c o n t r a s t t o Kunnapas' assumption o f two u n d e r l y i n g 



51 

processes w i t h r e v e r s a l s o c c u r r i n g a t the minimum 

p o i n t of the f i g u r a l process. 

I n a s e r i e s o f experiments M e f f e r d and co

workers have found evidence s u p p o r t i v e o f the 

e x i s t e n c e o f d i f f e r e n t s p e c i f i c mechanisms which 

they propose are o p e r a t i v e f o r d i f f e r e n t ambiguous 

and r e v e r s i b l e f i g u r e s . The c o n t r i b u t i o n o f such 

mechanisms u n d e r l y i n g the f l u c t u a t i o n s produces a 

s t o c h a s t i c process. 

R e v e r s i b l e f i g u r e s , s u c h as the Necker cube or 

'embedded s t a r ^ they propose i n v o l v e the o p e r a t i o n 

of a ' n e a r - f a r ' apparent p e r s p e c t i v e mechanism 

( M e f f e r d and Wieland, 1968). The embedded s t a r 

f i g u r e a l s o i n v o l v e s a 'one o b j e c t - m u l t i p l e o b j e c t ' 

mechanism (apparent u n i t y o f the G e s t a l t ) as does 

the Wertheimer dot d i s p l a y ( M e f f e r d , 1968 a ) . An 

'anchor-point' mechanism ( M e f f e r d , 1968 b) i s a l s o 

i n v o l v e d i n some c o n f i g u r a t i o n s . 

Sadler and M e f f e r d (1970) s t r o n g l y c r i t i c i s e 

e x p e r i m e n t a l work such as t h a t of P r i c e (1967b ) 

i n which data concerning time i n t e r v a l s o f each 

pe r c e p t d u r a t i o n i s averaged across Ss. T h i s they 

suggest produces smoothing o f the curve f o r 

successive i n t e r v a l s . The apparent constancy o f 

such smoothed average curves conceals the f a c t t h a t 

they may r e s u l t from e i t h e r h i g h l y s y s t e m a t i c ( i . e . 

s a t i a t i o n type processes) or c o m p l e t e l y s t o c h a s t i c 

processes. By examining i n d i v i d u a l s u b j e c t r e c o r d s 
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t h e y f i n d h i g h i n t r a - s u b j e c t v a r i a b i l i t y i n 

f l u c t u a t i o n i n t e r v a l s . They conclude t h a t t h i s 

randomness w h i l s t not completely d i s p r o v i n g a 

s a t i a t i o n t h e o r y approach does at l e a s t r e q u i r e i t s 

m o d i f i c a t i o n . 

V i c k e r s (1972a, 1972b) agrees w i t h the 

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

suggests t h a t what i s i n v o l v e d i s a c y c l i c d e c i s i o n 

process. He proposes t h a t each time a d e c i s i o n i s 

reached an i m p l i c i t p e r c e p t u a l response r e s u l t s 

u n t i l t h i s c y c l e produces a d i f f e r e n t r e s u l t , thus 

causing a l t e r n a t i o n . I n d i v i d u a l d i f f e r e n c e s i n 

a l t e r n a t i o n r a t e may be a r e s u l t o f f a c t o r s such as 

noise i n the observer's 'system', the time t o make 

each p e r c e p t u a l s u b - d e c i s i o n or the value o f the 

observer's d e c i s i o n c r i t e r i o n . 

M a r t i n (1967, 1971) has a l s o supported t h e 

p r o p o s i t i o n t h a t p e r s p e c t i v e r e v e r s a l s are 

s t o c h a s t i c a l l y determined f i n d i n g t h a t an 

e x p o n e n t i a l f u n c t i o n c o u l d be f i t t e d t o h i s data. 

B o r s e l l i n o , De Marco, A l l a z e t t a , R i n e s i and B a r t o l i n i 

(1971) u s i n g r e v e r s i b l e p e r s p e c t i v e f i g u r e s found 

r e s u l t s w e l l matched by a two parameter gamma f u n c t i o n . 

T a y l o r and A l d r i d g e (1974) w i t h an i n d e n t e d 

p l a s t i c e n e s u r f a c e as a s t i m u l u s a l s o found evidence 

s u p p o r t i v e o f a s t o c h a s t i c process. They proposed a 

model analogous t o t h a t o f S e l f r i d e e ' s (1959) 

Pandemonium. The 'demons' of t h i s model are here 
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considered ' c e l l s ' c o r r e s p o n d i n g t o n e u r a l f e a t u r e 

d e t e c t o r s a t some h i e r a r c h i c a l l e v e l . Each c e l l 

s w i tches s t a t e s between the two p o s s i b l e aspects, 

each i n d i v i d u a l c e l l having a f i x e d a p r i o r i 

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

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

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

depends upon a l l the c e l l s . This d e c i s i o n i s 

c o n s e r v a t i v e so t h a t i t r e q u i r e s more c e l l s t o change 

the d e c i s i o n than t o m a i n t a i n i t . The s t o c h a s t i c 

n a t u r e o f the f l u c t u a t i o n s i s due t o the t i m i n g 

r e l a t i o n s e x i s t i n g between these c e l l s . 

1.12.1. Summary 

These t h e o r e t i c a l approaches c o n c e n t r a t e upon the 

sequence o f successive time p e r i o d s of the p e r s p e c t i v e 

dominance o f each aspect. They argue t h a t these are 

randomly determined and thus c o n t r a s t w i t h a s a t i a t i o n 

t h e o r y approach which would p r e d i c t s y s t e m a t i c p e r i o d s . 

Data e x i s t s t o support t h i s c o n t e n t i o n and has been 

f i t t e d by v a r i o u s mathematical f u n c t i o n s . The models 

range from the psy c h o p h y s i c a l d e c i s i o n one o f V i c k e r s 

t o those i m p l i c a t i n g more s p e c i f i c n e u r a l mechanisms 

(e.g. T a y l o r and A l d r i d g e ) . 

Mefferd's c o n t e n t i o n o f s e v e r a l d i f f e r e n t 

mechanisms o p e r a t i n g f o r d i f f e r e n t s t i m u l i produces 

d i f f i c u l t i e s f o r a s a t i a t i o n t h e o r y approach, W h i l s t 

P r i c e ( 1971 )argues t h a t h i s own data, s u p p o r t i v e 

o f a s a t i a t i o n type approach, i s not r e c o n c i l a b l e w i t h 



54 

t h a t of Mefferd. due t o c o n t r a s t i n g e x p e r i m e n t a l 

arrangements, t h e r e remains a need f o r any adequate 

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

ex p e r i m e n t a l procedure. 

1.13. THE THEORY OF HEBB 

Hebb (1949) p o s t u l a t e d t h a t f r e q u e n t r e p e t i t i o n 

of a p a r t i c u l a r s t i m u l a t i o n would l e a d t o the 

development of a ' c e l l assembly'. T h i s i s a d i f f u s e 

s t r u c t u r e i n v a r i o u s areas o f the b r a i n which i s 

capable o f a c t i n g b r i e f l y as a cl o s e d system, 

d e l i v e r i n g f a c i l i t a t i o n t o o t h e r c e l l assemblies and 

u s u a l l y h a ving some motor f a c i l i t a t i o n . The a c t i o n 

of each assembly c o u l d be s t a r t e d e i t h e r by a 

pre c e d i n g assembly ( t h e y are c o n c e p t u a l i s e d as 

for m i n g open m u l t i p l e chains which converge i n a 

h i e r a r c h i c a l f a s h i o n ) o r by a sensory e v e n t ? or 

even by both. The s e r i a t i o n of such events w i t h 

concomitant motor u n i t s c o n s t i t u t e s a 'phase 

sequence.' These p r o p o s a l s c o n t r a s t s h a r p l y w i t h 

Kbhler and Wallach's (1944) s a t i a t i o n concept o f the 

nerve t i s s u e s as volume conductors. 

Hebb draws h e a v i l y on c l a s s i c a l n e u r o p h y s i o l o g i c a l 

work t o demonstrate t h a t n e u r a l r e v e r b e r a t i n g 

c i r c u i t s arranged i n such c l o s e d c i r c u i t s can e x i s t . 

He a l s o proposes t h a t r e p e t i t i o n o f such c i r c u i t s 

tends t o induce c e l l u l a r changes ( s y n a p t i c knobs) 

thus adding t o the subsequent s t a b i l i t y o f the c i r c u i t . 
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Thus a s y n a p t i c change i s p o s t u l a t e d t o occur w i t h 

l e a r n i n g - c e l l s which are r e p e a t e d l y s t i m u l a t e d 

at the same time becoming a s s o c i a t e d . 

Hebb s t r e s s e d the importance o f motor a c t i v i t y 

(eye movements) i n p e r c e p t i o n , again i n c o n t r a s t t o 

a S a t i a t i o n Theory approach, s t a t i n g t h a t the " n e u r a l 

a c t i v i t y l e a d i n g t o the motor c e n t r e s b e f o r e an eye 

movement b e g i n s , i s determinate, and s p e c i f i c t o the 

locus o f the p e r i p h e r a l s t i m u l u s . " He a l s o 

p o s t u l a t e d a ' t - s t r u c t u r e ' which r e p r e s e n t s a 

' s y n t h e s i s ' of the c o r t i c a l u n i t s , w i t h a conscious 

e q u i v a l e n t o f p e r c e p t i o n as a d i s t i n c t i v e whole. 

By t h i s means Hebb e x p l a i n s how the successive i n p u t 

of the separate 'glances' becomes the conscious 

experience of the whole s t i m u l u s . 

Hebb's f o r m u l a t i o n a l s o d i s t i n g u i s h e d between 

the ' u n i t y ' o f the f i g u r e and i t s ' i d e n t i t y ' , t h e 

l a t t e r o f which depends upon f a c t o r s such as 

experience. 

A m o d i f i c a t i o n t o Hebb's t h e o r y was made by 

M i l n e r (1957) who aimed t o make the ' c e l l assemblies' 

concept more e x p l i c i t . For M i l n e r such assemblies 

were mainly c o r t i c a l neurones and he emphasised the 

r o l e o f n e u r a l i n h i b i t i o n . I n a l a t e r paper Hebb 

(1963) argues t h a t the a l l - o r - n o n e disappearance o f 

a s t a b i l i s e d image f i t s i n w i t h t h i s concept o f 

assemblies as r e p r e s e n t i n g d i s t i n c t u n i t s o f the 

s t i m u l u s . 
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To e x p l a i n the ' f l i p - f l o p ' a c t i o n o f ambiguous 

f i g u r e s Hebb (1966) proposed t h a t the incoming 

a f f e r e n t impulses can set up two d i s t i n c t c e l l 

assemblies which are r e c i p r o c a l l y i n h i b i t o r y ( t h u s 

a c c e p t i n g M i l n e r ' s m o d i f i c a t i o n s ) . These assemblies 

are conceived as l y i n g i n t e r m i n g l e d i n the same 

r e g i o n of the b r a i n , thus at any time e i t h e r assembly 

( r e p r e s e n t i n g each p o s s i b l e aspect o f the s t i m u l u s ) 

may be s t i m u l a t e d , which i n h i b i t s the o t h e r assembly, 

u n t i l t h a t i n t u r n becomes s t i m u l a t e d so causing 

a l t e r n a t i o n . The exact cause o f such f l u c t u a t i o n 

i s , however, not c l a r i f i e d . 

1.13.1. Experimental Evidence 

M e f f e r d and Wieland (1968) found t h a t when 

observers were asked t o judge the s i z e o f the faces 

of a Necker cube then the 'near' face was judged the 

s m a l l e r , r e g a r d l e s s o f p e r s p e c t i v e r e v e r s a l s . T h i s 

they i n t e r p r e t as i n d i c a t i v e o f a p r o c e s s i n g a t 

d i f f e r e n t l o c i o f the i n f o r m a t i o n r e l a t i v e t o the 

'near' or ' f a r * face. T h i s i s s u p p o r t i v e o f Hebb's 

f o r m u l a t i o n . Indeed p h y s i o l o g i c a l evidence does 

i n d i c a t e t h a t n e u r a l s t r u c t u r e s o f some s i z e do e x i s t 

(Riggs, 1972) which process d i f f e r e n t s p e c i f i c aspects 

or ' f e a t u r e s ' o f the s t i m u l u s (Hubel and Wies e l , 1962 ) -

f i n d i n g s which a l s o l e n d support t o Hebb's t h e o r y . 

1.13.2. Summary 

Hebb's t h e o r y has more p h y s i o l o g i c a l support than 

such approaches as S a t i a t i o n Theory. However, h i s 
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p o i n t o f view as regards f l u c t u a t i o n s of p e r c e p t i o n 

has had no d i r e c t e x p e r i m e n t a l t e s t i n g as such, 

but s e v e r a l subsequent t h e o r i s t s (e.g. Hochberg) 

have b u i l t upon h i s f o u n d a t i o n s . 

1.14. TWO MINOR THEORIES 

Two t h e o r i e s of l e s s importance here are due t o 

YacorzynskL and Cowan. The former has l i t t l e 

s u p p o r t i v e evidence t o i t s c r e d i t , whereas the l a t t e r 

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

f i g u r e c o n s t r u c t i o n s . 

1.14.1. B r a i n Dynamism 

Yacorzynski (1966) proposed a th e o r y o f b r a i n 

dynamism t o account f o r p e r c e p t u a l f l u c t u a t i o n . His 

i n i t i a l assumption b e i n g t h a t the alpha rhythm i s 

evidence o f an i n t e r p l a y o f n e u r a l a c t i v i t y . T h i s 

i n t e r p l a y he terms ' f i e l d f o r c e s ' which he argues 

are a f f e c t e d i n a number o f ways by the incoming 

s t i m u l a t i o n . His t h e o r e t i c a l p r o p o s a l s are embraced 

w i t h i n a few p o s t u l a t e s which he con s i d e r e d r e p r e s e n t 

some p r i n c i p l e s both o f p e r c e p t i o n as w e l l as o f 

b r a i n f u n c t i o n i n g . 

Taking t h e Necker cube as an example of a 

r e v e r s i b l e f i g u r e he proposes t h a t p a r t s o f i t ( t h e 

' f r o n t ' and 'back' faces) are i n e q u i l i b r i u m and 

the r e s t o f i t i s i n d i s e q u i l i b r i u m . I t i s o n l y 

the l a t t e r p a r t s he argues which c o n t r i b u t e t o the 
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f l u c t u a t i o n s . F i e l d f o r c e s are proposed t o act on 

these p a r t s out of e q u i l i b r i u m so as t o b r i n g them 

i n t o e q u i l i b r i u m , so r e s u l t i n g i n f l u c t u a t i o n s . 

I n c o n s i d e r i n g the time t o the f i r s t r e v e r s a l 

Yacorzynski c o n s i d e r s t h i s may r e f l e c t s e v e r a l 

t h i n g s ; the S making sense of h i s p e r c e p t u a l 

experience ( c . f . Sadler and Mefferd,1970), the 

f o r c e s may need time t o b u i l d up t o a p o i n t a t 

which r e v e r s a l occurs, or the S may need t o decide 

t o which p a r t s of the s t i m u l u s t o a t t e n d . The 

l a t t e r two a l t e r n a t i v e s b e ing somewhat s i m i l a r t o 

S a t i a t i o n Theory and McDougall's approach r e s p e c t i v e l y . 

The q u a n t i t a t i v e measure of frequency o f 

r e v e r s a l s i s c r i t i c i s e d by Yacorzynski as t h i s he 

says i s not r e p r e s e n t a t i v e o f the i n t e r a c t i v e f o r c e s . 

I n s t e a d he s t r e s s e s q u a l i t a t i v e f a c t o r s which he 

proposes are produced by the hypothesised f o r c e s . 

He t h e r e f o r e r e l i e s h e a v i l y and e x c l u s i v e l y upon the 

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

Ss who are: "knowledgeable about the n a t u r e of the 

r e v e r s i b l e f i g u r e s , but not about the expected outcome 

p r e d i c t e d by the proposed h y p o t h e s i s . " 

Yacorzynski produces l i t t l e e x p e r i m e n t a l evidence 

t o support h i s ideas and o n l y seldomly r e f e r s t o the 

i n t r o s p e c t i v e r e p o r t s o f the Ss. The o n l y 

e x p e r i m e n t a l evidence he draws upon are s t u d i e s 

i n v o l v i n g b r a i n damaged p a t i e n t s and t h e i r performance 

w i t h r e v e r s i b l e f i g u r e s . 
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1.14.2. Theory o f B r a i d s 

Cowan (1974, 1977) has extended the mathematical 

t h e o r y o f b r a i d s ( A r t i n , 1947 ) t o d e s c r i b e t h e 

c r e a t i o n o f i m p o s s i b l e o b j e c t s . He has developed a 

system f o r s p e c i f y i n g these t o r u s f i g u r e s by 

d i s t i n g u i s h i n g between creases and edges and a l s o by 

d e f i n i n g types o f co r n e r s . P o s s i b l e and i m p o s s i b l e 

f i g u r e s can then be c r e a t e d by j o i n i n g the s p e c i f i e d 

corners i n p a r t i c u l a r f a s h i o n s as determined by b r a i d 

t h e o r y . 

No attempt i s made here t o deal w i t h t h i s 

approach i n any d e t a i l . 

1.15. INFORMATION PICK-UP 

The t h e o r y o f i n f o r m a t i o n p i c k - u p stems from 

e a r l i e r t h e o r i e s o f naive r e a l i s m (Coren and Gi r g u s , 

1978). The Gibsons (E. J. Gibson, 1967; J. J. 

Gibson, 1950, 1968) are the prominant s u p p o r t e r s o f 

t h i s view. B a s i c a l l y they propose t h a t v i s u a l 

s t i m u l a t i o n c o n t a i n s i n v a r i a n t p r o p e r t i e s which are 

i n p s y c h o p h y s i c a l correspondence w i t h c o n s t a n t 

phenomenal o b j e c t s (Gibson, 1951). The observer 

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

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

With r e v e r s i b l e and ambiguous f i g u r e s the s t i m u l u s 

i s the same but the s t i m u l u s i n f o r m a t i o n i s n o t , t h e r e 

being counterbalanced values o f such i n f o r m a t i o n . 
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Hibson (1968) s t a t e s : 

"The p e r c e p t i o n i s e q u i v o c a l because 

what comes t o the eye i s e q u i v o c a l " 

and fifoes on t o h y p o t h esise t h a t : 

" t he same s t i m u l u s a r r a y coming t o the eye 
w i l l always a f f o r d the same p e r c e p t u a l 
experience i n s o f a r as i t c a r r i e s the 
same v a r i a b l e s o f s t r u c t u r a l 
i n f o r m a t i o n . I f i t a l s o c a r r i e s d i f f e r e n t 
or c o n t r a d i c t o r y v a r i a b l e s o i 
i n f o r m a t i o n i t w i l l a f f o r d d i f f e r e n t 
or c o n t r a d i c t o r y p e r c e p t u a l e x p e r i e n c e s . " ( p . 248 )• 

I t i s argued t h a t the paradox o f such f i g u r e s 

can be r e s o l v e d by a n a l y s i n g the s t i m u l u s i n f o r m a t i o n 

as w e l l as a p p e a l i n g t o s u b j e c t i v e d e t e r m i n i n g f a c t o r s . 

The l a t t e r b e i n g considered as forms o f a t t e n t i o n . 

The economy of p e r c e p t i o n i s emphasised i n t h i s 

approach such t h a t : " o n l y the i n f o r m a t i o n r e q u i r e d t o 

i d e n t i f y an o b j e c t e c o n o m i c a l l y tends t o be p i c k e d up 

from a complex of s t i m u l u s i n f o r m a t i o n . " With 

i n c r e a s i n g o b s e r v a t i o n time more and more i n f o r m a t i o n 

i s p i c k e d up, thus the p e r c e p t i o n becomes more 

v e r i d i c a l . Sadler and M e f f e r d (1970) propose t h a t 

P r i c e ' s ( 1 9 6 9 a ) r e s u l t s , where the d u r a t i o n o f the 

v e r i d i c a l p e r c e p t ( P I ) i s always g r e a t e r than the non-

dominant (P2) percept t o g e t h e r w i t h some i n c r e a s e i n 

PI d u r a t i o n i n l a t e r t r i a l s , are b o t h consonant w i t h 

t h i s idea. T h i s may not be e n t i r e l y t r u e however as 

PI d u r a t i o n s show wide f l u c t u a t i o n s i n d u r a t i o n i n 

the l a t e r t r i a l s . 

K e n n e d y ( 1 9 7 4 ) f o l l o w i n g Gibson'3 work d i s t i n g u i s h e s 

between o c c l u d i n g edges and o c c l u d i n g bounds i n l i n e 
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drawings. The former o c c u r r i n g where the l i n e i s 

angular and the l a t t e r where i t i s rounded. Both 

serve t o separate a s u r f a c e from i t s background. 

A p p l y i n g these concepts t o ambiguous and r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s Kennedy argues t h a t f i g u r e s such 

as Rubin's 'vase-face' i n v o l v e o c c l u d i n g bounds such 

t h a t f l u c t u a t i o n i n v o l v e s r e v e r s a l o f the d i r e c t i o n 

of o c c l u s i o n . The Necker cube r e v e r s a l s i n v o l v e 

b o t h a change of o c c l u s i o n as w e l l as a change o f 

o r i e n t a t i o n . With r e g a r d t o i m p o s s i b l e p i c t u r e s he 

argues t h a t the d i r e c t i o n o f o c c l u s i o n changes along 

the l e n g t h of these f i g u r e s such as 'the t h r e e pronged 

c l e v i s ' . Kennedy suggests t h a t i n f o r m a t i o n f o r 

depth or o c c l u s i o n i s i r r e l e v a n t once r e v e r s a l s have 

begun, t h i s i n f o r m a t i o n o n l y b e i n g i m p o r t a n t i n the 

i n i t i a l phase be f o r e the f i r s t r e v e r s a l . 

1.15.1. Summary 

This approach s t r e s s e s t h a t the observer 

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

c o n t a i n s i n v a r i a n t i n f o r m a t i o n . I t admits the r o l e 

p l a y e d by f a c t o r s such as 'set' i n a f f e c t i n g the 

r e s u l t a n t p e r c e p t i o n but i t does not adequately handle 

why a r e v e r s a l ever occurs. Simply s t a t i n g t h a t the 

s t i m u l u s i n f o r m a t i o n i s e q u i v o c a l does not f u l l y 

e x p l a i n why and when a f l u c t u a t i o n should occur. 

Gibson (1968) e s s e n t i a l l y conceives o f a t t e n t i o n as 

wandering between two a l t e r n a t i v e c o g n i t i v e e x p l a n a t i o n s 

( M e f f e r d , 1968a),but t h i s r e a l l y r e q u i r e s more 
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e l a b o r a t i o n t o become an acceptable e x p l a n a t i o n . 

Kennedy h i m s e l f does l i t t l e more than p r o v i d e a 

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

not an adequate e x p l a n a t i o n . 

1.16. PERCEPTUAL HYPOTHESES 

The concept o f 'unconscious i n f e r e n c e ' has been 

g r e a t l y extended by Gregory i n s e v e r a l p u b l i c a t i o n s 

(1966,1970, 1973, 1974). He proposes t h a t p e r c e p t i o n 

i s a dynamic a c t i v i t y which i n v o l v e s f o r m i n g 

hypotheses about (and thus ' b e t t i n g on') the most 

probable i n t e r p r e t a t i o n of sensory data i n terms o f 

the w o r l d o f o b j e c t s . P e r c e p t i o n i s not j u s t 

determined by the s t i m u l u s p a t t e r n s i n t h i s f o r m u l a t i o n 

as Gibson (1968) would argue. L i k e Gibson though 

Gregory emphasises the ambi g u i t y i n h e r e n t i n 

p i c t o r i a l r e p r e s e n t a t i o n s o f r e a l o b j e c t s . The act 

of p e r c e p t i o n thus i n v o l v e s making e f f i c i e n t use o f 

t h i s ambiguous i n f o r m a t i o n f o r s e l e c t i n g the 

a p p r o p r i a t e i n t e r n a l l y s t o r e d h y p o t h e s i s about the 

c u r r e n t s t a t e o f the e x t e r n a l w o r l d . The ready 

a l t e r n a t i o n of ambiguous and r e v e r s i b l e f i g u r e s 

demonstrates t h a t not o n l y i s t h e r e a c u r r e n t r e i g n i n g 

h y p o t h e s i s about the s t i m u l u s but a l s o o t h e r more o r 

le s s ready-formed hypotheses which Gregory sees as 

bein g ' p l a u s i b l e c a n d i d a t e s ' f o r the same v i s u a l 

s t i m u l u s . A l t e r n a t i o n thus i n v o l v e s changing from 

one t o another h y p o t h e s i s . 
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The hypotheses about o b j e c t s are c o n c e p t u a l i s e d 

as not i n c l u d i n g c e r t a i n i n f o r m a t i o n such as the 

p a r t i c u l a r d i s t a n c e , o r i e n t a t i o n , motion o r g e n e r a l l y 

the s i z e of the observed o b j e c t . Since t h i s 

i n f o r m a t i o n i s not a v a i l a b l e i n t e r n a l l y i n the s t o r e d 

p e r c e p t u a l hypotheses these parameters must be set 

by the v a r i o u s depth cues u s i n g r e a l time v i s u a l data. 

The sensory data i s p o s s i b l y s u b j e c t t o e r r o r , t h u s 

when an i n c o m p a t i b i l i t y a r i s e s between t h i s data and 

the c u r r e n t h y p o t h e s i s , the data may w e l l be r e j e c t e d 

i n f a v o u r o f m a i n t a i n i n g the h y p o t h e s i s . T h i s can 

then g i v e r i s e t o a m i s i n t e r p r e t a t i o n o f the s t i m u l u s . 

1.16.1. Summary 

Gregory deals mainly w i t h r e v e r s i b l e p e r s p e c t i v e 

f i g u r e s emphasising the r o l e of s i z e constancy. The 

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

processes such as eye movements i s g e n e r a l l y 

d i s c o u n t e d by Gregory who argues t h a t the a b i l i t y o f 

such s t i m u l i t o a l t e r n a t e when pre s e n t e d as s t a b i l i s e d 

images i s evidence o f the unimportance o f such 

f a c t o r s . S i m i l a r approaches c o n s i d e r i n g p e r c e p t u a l 

hypotheses are found i n the work o f Bruner (1974 ) and 

L u r i a (1973). The approach of Gregory has much i n 

common w i t h t h a t o f Hebb (1949). However, whereas 

Hebb p o s t u l a t e s s p e c i f i c n e u r a l processes Gregory 

tends t o argue i n terms of proposed s o f t w a r e l o g i c a l 

processes w i t h o u t r e f e r r i n g d i r e c t l y t o n e u r a l processes 

(Gregory , 1974). 
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1.17. INFORMATION PROCESSING 

Simon (1967) extended the i n f o r m a t i o n p r o c e s s i n g 

approach (e-g. Newell,Shaw and Simon , 1960) t o 

r e v e r s i b l e p e r s p e c t i v e and i m p o s s i b l e f i g u r e s . Such 

an approach assumes t h a t r e p r e s e n t a t i o n s o f s t i m u l i 

are s t o r e d i n memory i n s t r u c t u r e s isomorphic w i t h 

l i s t s and b r a n c h i n g i n s t r u c t i o n s " w h i c h are m o d i f i e d 

and s t o r e d by a c t i v e c o g n i t i v e processes. The 

f u n d a m e n t a l l y s e r i a l n a t u r e o f such processes i s a l s o 

assumed ( M i l l e r , 1956). 

Simon proposes t h a t simple s t i m u l u s c o n f i g u r a t i o n s 

(e.g. angles, l i n e s , G e s t a l t 'good' forms) are d e t e c t e d 

by a scanner moving over the s t i m u l u s . Upon d e t e c t i n g 

a simple c o n f i g u r a t i o n the scanner then searches the 

r e s t of the s t i m u l u s elements p r o v i d i n g them w i t h 

simple i n t e r p r e t a t i o n s i n r e l a t i o n t o t h i s i n i t i a l l y 

d i s c o v e r e d c o n f i g u r a t i o n . This process c o n t i n u e s u n t i l e i t h e r 

an i n t e r n a l r e p r e s e n t a t i o n has been c o n s t r u c t e d o f the 

whole s t i m u l u s or a c o n t r a d i c t i o n encountered. 

When the l a t t e r occurs the i n t e r p r e t a t i o n i s 

r e j e c t e d and the whole c y c l e begins a f r e s h u s u a l l y 

b e g i n n i n g w i t h a d i f f e r e n t i n i t i a l p o s i t i o n o f the 

scanner w i t h r e s p e c t t o the s t i m u l u s . I n e x p l a i n i n g 

these ' c o n t r a d i c t i n g ' i n t e r p r e t a t i o n s Simon suggests 

t h a t t h i s can r e s u l t by the scanner b e g i n n i n g 

i n d e p e n d e n t l y at two separate and d i s p a r a t e p o i n t s on 

the s t i m u l u s p r o d u c i n g an i n t e r p r e t a t i o n which i s 

i n c o n s i s t e n t when the scanner focuses i n on a p a r t i c u l a r 
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s t i m u l u s f e a t u r e (e.g. a l i n e ) but which can be 

r e s o l v e d by a l t e r n a t i n g a t t e n t i o n between p a r t s o f 

the s t i m u l u s which p r o v i d e unambiguous i n f o r m a t i o n . 

The scanner i s consi d e r e d t o operate both s e r i a l l y 

and l o c a l l y , a ' c o n t r a d i c t i o n ' o c c u r r i n g when the 

same s t i m u l u s p a r t i s reached by two separate r o u t e s 

g i v i n g d i f f e r e n t i n t e r p r e t a t i o n s of t h i s p a r t . For 

the i n d i v i d u a l t o m a i n t a i n one per c e p t Simon supposes 

t h a t the scanning w i l l be c o n f i n e d t o the area o f 

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

Simon's approach has much i n common w i t h G e s t a l t 

t h e o r y i n t h a t he gi v e s o p e r a t i o n a l meaning t o G e s t a l t 

q u a l i t i e s such as 'good f i g u r e ' . Thus, i n e x p l a i n i n g 

why a s t i m u l u s r e p r e s e n t i n g a hexagon complete w i t h a l l 

i t s d i a g o n a l s (which can be i n t e r p r e t e d as a s p e c i a l 

case o f the Necker cube) i s u s u a l l y p e r c e i v e d as the 

former two-dimensional o b j e c t , he proposes t h a t i t i s 

composed o f " s y m m e t r i c a l l y disposed s u b - f i g u r e s . " 

S t i m u l u s redundancy i s a l s o i m p o r t a n t as t h i s 

p e r m i t s e f f i c i e n t s t o r age o f i n f o r m a t i o n as d e s c r i p t i o n s 

of o b j e c t s . T h i s presupposes e f f e c t i v e procedures b o t h 

f o r i d e n t i f y i n g such o b j e c t s and f o r d e s c r i b i n g them 

c o r r e c t l y . Thus, both s t i m u l u s s i z e and shape constancy 

are subsumed under t h i s r u b r i c . 

Simon's approach has much i n common w i t h t h a t o f 

Hochberg (1968) and Gibson (1950). He su p p o r t s h i s 

pr o p o s a l s by r e f e r r i n g t o the computer s i m u l a t i o n o f 

p e r c e p t u a l processes (e.g. K i r s c h , 1964). i t i s 
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t e m p t i n g t o equate the scanner w i t h the fovea and 

i t s 'scanning' o f the s t i m u l u s w i t h s e l e c t i v e 

a t t e n t i o n ( c . f . Hebb's ' g l i m p s e s ' ) , but t h i s perhaps 

does not equate too w e l l w i t h Simon's p r o p o s a l t h a t 

such a scanner can s t a r t i n d e p e n d e n t l y at separate 

p o i n t s o f the s t i m u l u s . He does not s t a t e what 

s o r t of area the scanner covers w i t h each a n a l y s i s 

of the s t i m u l u s o n l y t h a t i t d e t e c t s simple 

c o n f i g u r a t i o n s . He c o n s i d e r s these t o range from 

angles t o 'closed symmetrical forms' so perhaps the 

scanner can vary the area o f the s t i m u l u s b e i n g 

examined. I n s t r e s s i n g the s e q u e n t i a l n a t u r e of the 

scanning process Simon does not e x p l a i n f u l l y how 

the apparent immediacy o f a v i s u a l experience ( c . f . 

Hebb's f o r m u l a t i o n which handles s e q u e n t i a l i n p u t 

as w e l l as t h i s problem) comes about - unless the 

scanning i s accomplished at g r e a t speed. 

1.17.1. Summary 

No d i r e c t e x p e r i m e n t a l teste o f Simon's p r o p o s a l s 

are r e p o r t e d . I t i s d i f f i c u l t t o r e a d i l y see how one 

c o u l d i n f a c t do t h i s as the t h e o r y i s r e a l l y a 

p a r t i c u l a r type o f i n t e r p r e t a t i o n which can be 

a p p l i e d t o the a v a i l a b l e data. Thus, f o r i n s t a n c e , 

Flamm and Bergum (1977) p o i n t out t h a t t h e i r r e s u l t s 

can be i n t e r p r e t e d i n l i n e w i t h e i t h e r Simon's o r 

Attneave's (1971) p r o p o s a l s . 
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1.18. SCHEMATIC MAPS 

Hochberg (1968;1970a j has proposed an 

updated v e r s i o n o f the s t r u c t u r a l i s t s ' c o n t e n t 

a n a l y s i s of f o r n i n t o s e n s a t i o n s and images, u s i n g 

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

th e o r y . His b a s i c argument i s t h a t p e r c e p t i o n 

can be broken down i n t o * the i n p u t o f a s i n g l e 

glance' and the schematic map - p o i n t i n g out t h a t 

these are almost e q u i v a l e n t t o the s e n s a t i o n and 

image d i s t i n c t i o n . 

A schematic map i s d e f i n e d as: "the program 

o f p o s s i b l e samplings of an extended scene, and 

of c o n t i n g e n t expectancies o f what w i l l be seen 

as a r e s u l t of these samplings." Thus, i n the 

normal v i e w i n g o f a p i c t u r e the eyes a l t e r n a t e 

between f i x a t i n g p a r t i c u l a r r e g i o n s and making 

movements ( l a r g e l y s a c c a d i c ) t o b r i n g o t h e r r e g i o n s 

of i n t e r e s t onto the fovea. The i n f o r m a t i o n from 

these separate glimpses needs t o be c o - o r d i n a t e d 

i n o r d e r t o p e r c e i v e the o b j e c t . T h i s co

o r d i n a t i o n i s performed by the schematic map which 

becomes b u i l t up from the glimpsed i n f o r m a t i o n and 

a l s o from p r e v i o u s e x p e r i e n c e . The schematic map 

i s thus a set o f expe c t a n c i e s . Some o f these 

expectancies are l i m i t e d both t e m p o r a l l y and 

s p a t i a l l y whereas o t h e r s are more long term 

e x p e c t a n c i e s . Thus, ' a c t i v e ' l o o k i n g i s r e q u i r e d 

i n o r d e r t o p e r c e i v e a form over s e v e r a l f i x a t i o n s 
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and Hochberg (1970a)proposes t h a t i t i s the p l a n 

f o r t h i s l o o k i n g which i s s t o r e d as the schematic 

map and not the d e t a i l s o f each f i x a t i o n . Thus, 

the schematic map i s both s i m i l a r t o M i l l e r , 

G alanter and Pribram's 'plan' (1960) as w e l l as 

t o Hebb's (1949) phase sequences. The process 

of p e r c e p t u a l l e a r n i n g i s seen as c h i e f l y 

a f f e c t i n g the schematic map and not the 

i n d i v i d u a l l y glimpsed i n f o r m a t i o n . The 'mature 

observer' i s proposed t o have a " v o c a b u l a r y o f 

s e q u e n t i a l visuo-motor e x p e c t a n c i e s . " The 

schematic map i s thus an encoded s p a t i a l s t r u c t u r e 

of the image which Hochberg (1970a) proposes has 

f o u r main f e a t u r e s : -

1) I t p r o v i d e s an e x p e c t a t i o n o f what 

i s c o n t a i n e d a t a d i s t a l address and 

p r o v i d e s i n f o r m a t i o n about what t o 

f i n d a t such an address. The 

d i s t a l address r e f e r s t o the r e a l 

p o s i t i o n o f a p o i n t i n space. I n 

or d e r t o know what i s at t h i s d i s t a l 

address r o t a t i o n s of the eye, head 

and body must be taken i n t o account. 

Also the map must a l l o w f o r i t s own 

a l t e r a t i o n i f the expected i n f o r m a t i o n 

at t h a t address i s not found. 
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2) I t must p e r m i t r e c o g n i t i o n o f an 

area o f the scene whether the eye 

has come t o i t by d i f f e r e n t r o u t e s 

or i f the scene i t s e l i has moved. 

This both a l l o w s f o r the scanning 

eye movements o f normal v i s i o n 

and a l s o f o r ' a p e r t u r e - v i e w i n g ' 

s i t u a t i o n s . I n the l a t t e r case 

the a b i l i t y t o recognise a form 

moved behind an a p e r t u r e i s 

r e l a t e d t o the schematic map which 

i n t e g r a t e s each glance o f the 

s t i m u l u s through the a p e r t u r e . 

3) Some scene f e a t u r e s must be s t o r e d 

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

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

p r e v e n t s r e c u r r e n t e n t e r i n g o f 

data a l r e a d y noted when the eye 

r e f i x a t e s t h a t area. 

4) P e r i p h e r a l i n f o r m a t i o n must be 

analysed such t h a t the fovea i s 

on l y brought t o bear on i n f o r m a t i v e 

areas o f the s t i m u l u s . Neisser (1967) has 

s i m i l a r l y proposed t h a t ' p r e a t t e n t i v e 

processes,' e s s e n t i a l l y e?tra-foveal , 

serve t o d e l i n e a t e the s t i m u l u s 

i n f o r m a t i o n . E s s e n t i a l l y Hochberg's 

t h e o r y i s one of s e l e c t i v e v i s u a l 
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a t t e n t i o n such t h a t a p o i n t on a 

s t i m u l u s i s f i x a t e d and thus ' f o c a l l y ' 

a t t e n d e d t o as determined by the 

a c t i o n o f the schematic map. 

I n Hochberg's approach both the i n f o r m a t i o n 

from a f i x a t i o n and a l s o the r o l e o f eye movements 

are s t r e s s e d . The p a t t e r n i n g o f such movements 

depends upon what i s c u r r e n t l y viewed both 

f o v e a l l y and p e r i p h e r a l l y as w e l l as the ongoing 

c o g n i t i v e s t r a t e g i e s * , i . e . the schematic map a c t s 

t o guide the v i s u a l search p a t t e r n o f the eye 

movements. 

I n the course of normal v i e w i n g o f ambiguous 

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

occur which are pro b a b l y due t o s e v e r a l reasons 

such as the p e r i p h e r a l s a t i a t i o n o f l o c a l depth 

cues. However, the main f a c t o r Hochberg argues 

i s t h a t ' a c t i v e ' l o o k i n g becomes r e l a x e d . Having 

encoded the s t i m u l u s (e.g. a Necker cube) i n t o 

such a map the eye now ' i d l y , p a s s i v e l y * looks 

at the f i g u r e . The f e a t u r e s (e.g. edges, c o r n e r s ) 

are now f i x a t e d w i t h o u t an e x p e c t a t i o n . E i t h e r 

by chance or by l o c a l s a t i a t i o n , one or more o f 

these f e a t u r e s w i l l now be encoded as consonant 

w i t h the a l t e r n a t i v e map o f the Necker cube. 

Hochberg proposes t h a t a f t e r a s h o r t p e r i o d o f 

such ' i d l i n g ' an a c t i v e analogue t e s t program 

w i l l again be undertaken and i f t h i s program s t a r t s 



71 

from an edge now c o n s i s t e n t w i t h the a l t e r n a t i v e 

map then r e v e r s a l w i l l occur, i . e . f l u c t u a t i o n s 

occur when a c t i v e l o o k i n g i s r e l a x e d and a t t e n t i o n 

f a l t e r s . 

A c c o r d i n g l y f l u c t u a t i o n s ought t o be under 

v o l u n t a r y c o n t r o l - as long as you c o n t i n u e t o 

t e s t one map the " f i g u r e should m a i n t a i n the same 

o r i e n t a t i o n u n t i l s a t i a t i o n processes wrest 

c o n t r o l from the a n t i c i p a t o r y process." 

Any t h e o r y l i k e t h i s which i m p l i c a t e s eye 

movements has t o account f o r the f l u c t u a t i o n s 

which occur when these f i g u r e s are viewed as 

s t a b i l i s e d images. Hochberg quotes the work o f 

Zinchenko ( 1966) who demonstrated t h a t i n 

s t a b i l i s e d image c o n d i t i o n s Ss s t i l l make eye 

movements d u r i n g such f l u c t u a t i o n s even though 

they can have no e f f e c t on the v i s u a l i n p u t . 

Hochberg argues t h a t what i s i m p o r t a n t here i s the 

' i n t e n t i o n ' t o make an eye movement w i t h a 

d e f i n i t e e x p e c t a t i o n , and not the a c t u a l eye 

movement i t s e l f . 

Hochberg's approach i s , t h e r e f o r e , not a 

r e t u r n t o the e a r l y p e r i p h e r a l i s t s who s t r e s s e d 

the r o l e o f eye movements i n the p e r c e p t i o n o f 

ambiguous and r e v e r s i b l e f i g u r e s . Rather h i s 

emphasis i s upon the s t r a t e g y t h a t guides such 

movements. Norman and Rumelhart (1975) have 

l i k e w i s e proposed an e x p l a n a t i o n f o r the f l u c t u a t i o n 
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o f ambiguous f i g u r e s i n v o l v i n g a l t e r n a t i v e 

schemas. 

A somewhat s i m i l a r approach t o Hochberg's 

i s t h a t o f Chiang (1976) who a l s o proposes t h a t 

each f e a t u r e of the s t i m u l u s i s s e q u e n t i a l l y and 

s e l e c t i v e l y a ttended t o . These f e a t u r e s are 

a s s o c i a t e d t o g e t h e r i n s h o r t term memory w i t h 

each f e a t u r e decaying. The time between the i n ^ u t o f 

successive f e a t u r e s i s thus i m p o r t a n t t o the 

r e c o g n i t i o n o f the s t i m u l u s . 

Chiang argues t h a t each f e a t u r e p e r c e i v e d 

w i l l not always g i v e a unique r e p r e s e n t a t i o n , t h i s 

depending upon both s t i m u l u s and memory f a c t o r s . 

The aspect o f an ambiguous f i g u r e r e p o r t e d w i l l 

depend upon the f e a t u r e s c u r r e n t l y i n s h o r t term 

memory. Each f e a t u r e i s conceived o f as b e i n g 

e i t h e r weighted towards the p e r c e p t i o n o f each 

aspect or e l s e weighted o n l y towards p e r c e p t i o n o f 

a s p e c i f i c aspect and r e p r e s e n t i n g noise t o the 

a l t e r n a t i v e . I f each f e a t u r e has equal p r o b a b i l i t y 

o f b e l o n g i n g t o each aspect then Chiang suggests 

t h a t the o r d e r o f f e a t u r e s f i x a t e d and thus f e d 

i n t o s h o r t term memory does not a f f e c t the 

p e r c e p t i o n o f the s t i m u l u s as the image p r e s e r v e s 

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

p r o b a b i l i t y o f which aspect i s r e p o r t e d depends on 

the p r e v i o u s f e a t u r e p e r c e i v e d then the o r d e r o f 

f e a t u r e - i n p u t i s i m p o r t a n t and t h i s then becomes 
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a Markov c h a i n . Chiang conceives o f the naive 

observer at f i r s t randomly s e l e c t i n g f e a t u r e s 

from the s t i m u l u s . T h i s process then e i t h e r 

becomes a Markov chain or f o l l o w s a programmed 

r o u t e (Noton and S t a r k , 1971a). 

Chiang's approach i s e s s e n t i a l l y s i m i l a r t o 

Hochberg. His assumption of a t t a c h i n g w e i g h t i n g s 

t o s t i m u l u s f e a t u r e s i s accepted here but he f a i l s 

t o g i v e a d e f i n i t i o n o f such a f e a t u r e e.g. He 

proposes t h a t a l a r g e f e a t u r e "may be p e r c e i v e d 

by making s e v e r a l pauses and memorising the shape 

of each s u b - f e a t u r e w i t h i n t h i s u n i t . " His 

emphasis upon the percept r e p o r t e d i s l a r g e l y i n 

terms o f the s t i m u l u s i n f o r m a t i o n w i t h no account 

of ongoing c o g n i t i v e s t r a t e g i e s , e.g. the 

c o n d i t i o n s d e t e r m i n i n g whether an observer's 

i n s p e c t i o n s t r a t e g y i s random, Markovian, or 

programmed are l a r g e l y i g n o r e d . By s t r e s s i n g 

f o v e a l i n p u t i n f o r m a t i o n more or l e s s e x c l u s i v e l y 

he both i g n o r e s p e r i p h e r a l v i s u a l p r o c e s s i n g and 

i n no way accounts f o r the f l u c t u a t i o n s observed 

i n s t a b i l i s e d v i s i o n . 

1.18.1. Summary 

Hochberg's t h e o r y o f schematic maps p r o v i d e s 

a p l a u s i b l e account o f how the separate 'glimpses' 

of normal v i s i o n are encompassed. The account o f 

f l u c t u a t i o n as an a t t e n t i o n f a i l u r e i s worthy o f 

e x p e r i m e n t a l t e s t i n g which i t has not r e c e i v e d . 
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His emphasis on the i n f o r m a t i o n i n the glimpse i s 

enhanced by Chiang's concept o f such i n f o r m a t i o n 

as b e i n g p o s s i b l y b i a s e d towards one or o t h e r 

aspect o f the s t i m u l u s . 

1.19. OVERVIEW OF THE THEORIES 

Several t h e o r e t i c a l e x p l a n a t i o n s have been 

proposed t o account both f o r how the one s t i m u l u s 

can g i v e r i s e t o more than one p e r c e p t o f f i g u r e 

and a l s o t o e x p l a i n the f l u c t u a t i o n t h a t occurs 

between these p o s s i b l e i n t e r p r e t a t i o n s . 

The e a r l y dichotomy i n t o whether the 

u n d e r l y i n g process was o f c e n t r a l or p e r i p h e r a l 

o r i g i n has become r a t h e r redundant. I t seems 

l i k e l y t h e r e i s some t r u t h i n bot h . Thus, 

something a k i n t o f a t i g u e (McDougall) or a 

s a t i a t i o n process may p l a y a r o l e as may more 

p e r i p h e r a l f a c t o r s such as eye movements, a l b e i t 

i n p a r t i c u l a r s i t u a t i o n s . 

McDougall*s t h e o r y tends t o be a s s o c i a t e d 

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

an area not o f main concern here. S a t i a t i o n 

Theory has undergone many t r a n s f o r m a t i o n s and has 

served t o s t i m u l a t e much e x p e r i m e n t a l work, 

a l t h o u g h t h i s has c o n c e n t r a t e d on r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s . There appears t o be some 

evidence t o support some c e n t r a l process such as 
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s a t i a t i o n . The very same process may w e l l be 

what i s r e f e r r e d t o by the Learning Theory 

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

Evidence a g a i n s t a s a t i a t i o n approach i s t h a t 

a l t e r n a t i o n may be a s t o c h a s t i c process w i t h 

many u n d e r l y i n g processes and not j u s t one. 

Also c o n t r a s t i n g w i t h the e a r l y f o r m u l a t i o n s 

o f S a t i a t i o n Theory i s Hebb's t h e o r y which i s 

i m p o r t a n t i n t h a t i t has l a i d f o u n d a t i o n s f o r 

subsequent t h e o r i e s t o b u i l d upon. Gibson i s 

do u b t l e s s c o r r e c t i n emphasising the importance 

o f the s t i m u l u s i n f o r m a t i o n but the observer does 

more than s e l e c t i v e l y ' p i c k i n g up' such 

i n f o r m a t i o n . The observer i s making ' p e r c e p t u a l 

hypotheses' about t h i s i n f o r m a t i o n ( G r e g o r y ) . 

The i n f o r m a t i o n p r o c e s s i n g approach i s r e f l e c t e d 

i n Simon's proposed 'scanner' which i s i n t e r e s t i n g 

but r e q u i r e s e l u c i d a t i o n . Simon's 'scanner' concept 

i s somewhat analogous t o Hochberg's proposed 

schematic map. Hochberg not o n l y emphasises the 

s e l e c t i v e p i c k i n g up o f i n f o r m a t i o n from the 

s t i m u l u s but p r o v i d e s a p o s s i b l e e x p l a n a t i o n o f the 

i n t e g r a t i o n o f such i n f o r m a t i o n . 

Each o f the t h e o r i e s has been con s i d e r e d and 

f o r each one the evidence discussed. 

I t i s proposed here t h a t Hochberg's t h e o r y 

o f f e r s a p o s s i b l e w o r t h w h i l e approach, but one i n 

need of e x p e r i m e n t a l i n v e s t i g a t i o n , encompassing 

s e v e r a l p o i n t s from the o t h e r t h e o r i e s . 
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1.20. SUMMARY 

Fig u r e p e r c e p t i o n has been e l a b o r a t e d by 

f i r s t c o n s i d e r i n g the d i s t i n c t i o n o f f i g u r e and 

ground and then the v a r i o u s types o f s t i m u l i 

which can g i v e r i s e t o a d i f f e r e n t i n t e r p r e t a t i o n 

as f i g u r e . The v a r i o u s t h e o r i e s t o account f o r 

such p e r c e p t i o n have a l s o been assessed. 

I t i s suggested t h a t Hochberg's t h e o r y 

p r o v i d e s a w o r t h w h i l e approach from which t o 

consider the c o n t r i b u t i o n of eye movements t o the 

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

I n the next chapter the parameters t h a t 

a f f e c t the p e r c e p t i o n o f f i g u r e are discussed w i t h 

an emphasis upon eye movements. Various p o i n t s 

r a i s e d i n the next chapter are then combined w i t h 

p r e d i c t i o n s from Hochberg's t h e o r y t o form 

e x p e r i m e n t a l hypotheses which are then subsequently 

t e s t e d i n l a t e r c hapters. 
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C H A P T E R 2 

PARAMETERS AFFECTING FIGURE PERCEPTION 
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2.1. INTRODUCTION 

I n the p r e v i o u s chapter the s e v e r a l types o f 

s t i m u l i which can g i v e r i s e t o d i f f e r e n t f i g u r a l 

i n t e r p r e t a t i o n s were i n t r o d u c e d and t h e i r v a r i o u s 

t h e o r e t i c a l e x p l a n a t i o n s discussed. The v a r i o u s 

parameters which have been s t u d i e d w i t h r e g a r d t o 

the ambiguous and r e v e r s i b l e p e r s p e c t i v e f i g u r e s 

are now considered. U s u a l l y , i n v e s t i g a t i o n s have 

been concerned w i t h how c e r t a i n v a r i a b l e s a f f e c t 

the f l u c t u a t i o n s o r f l u c t u a t i o n r a t e , a l t h o u g h 

some s t u d i e s are more aimed at how the S's i n i t i a l 

p e r c e p t i o n of the s t i m u l u s are determined ( e . g . 

the e f f e c t s o f m o t i v a t i o n or of p r i o r e x p e r i e n c e ) . 

I n t h i s chapter the main parameters s t u d i e d 

are reviewed under the separate headings o f : 

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

and response t e c h n i q u e s , and observer v a r i a b l e s . 

This both p r o v i d e s the gen e r a l background t o and 

demonstrates the s t a r t i n g p o i n t f o r the work r e p o r t e d 

i n t h i s t h e s i s . For t h i s reason emphasis i s p l a c e d 

upon s t u d i e s i n v o k i n g eye movements or a t t e n t i o n a l 

s h i f t s and the d i s c u s s i o n of the e f f e c t s o f p r i o r 

experience leads up t o the s t a r t i n g p o i n t f o r t h e 

pre s e n t work. 

F i n a l l y , the v a r i o u s p o i n t s e l a b o r a t e d i n t h i s 

c h a pter are combined w i t h p r e d i c t i o n s from Hochberg's 

t h e o r y t o form s p e c i f i c e x p e r i m e n t a l hypotheses. 

These are d e t a i l e d t o g e t h e r w i t h a guide t o the 

subsequent e x p e r i m e n t a l chapters i n which these 
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hypotheses are t e s t e d . 

2.2. STIMULUS FACTORS 

2.2.1. Size 

F o l l o w i n g Rubin's (1915) demonstration t h a t a 

s m a l l e r area of the s t i m u l u s was more l i k e l y t o be 

p e r c e i v e d as f i g u r e than a l a r g e r s u r r o u n d i n g 

area, s e v e r a l s t u d i e s u s i n g s e c t o r e d d i s c s t i m u l i 

have i n v e s t i g a t e d the e f f e c t o f the a l t e r n a t e 

s e c t o r s i z e on f i g u r e dominance. The s e c t o r s o f 

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

more o f t e n as a f i g u r e than the a l t e r n a t e l a r g e r 

s e c t o r s (Graham, 1929; Goldhamer , 1934; Oyama 

and T o r i i , 1955; Kunnapas, 1957; Oyama, 1960). 

The o r i e n t a t i o n o f such s e c t o r s appears t o be 

r e l e v a n t , s e c t o r s i n the h o r i z o n t a l and v e r t i c a l 

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

p r e f e r e n c e t o o t h e r s e c t o r s . 

With o t h e r ambiguous and r e v e r s i b l e p e r s p e c t i v e 

s t i m u l i l i t t l e work has d i r e c t l y i n v e s t i g a t e d a l t e r i n g 

the s i z e o f one aspect, i n t h a t a change i n s i z e 

would u s u a l l y a f f e c t both aspects whereas i n the 

above s t u d i e s i t d i f f e r e n t i a l l y a f f e c t s each aspect. 

With the Necker cube Wieland and M e f f e r d (1966) 

demonstrated t h a t a l t e r i n g the l e n g t h and o r i e n t a t i o n 

o f the di a g o n a l s d i d a f f e c t the r e v e r s a l r a t e i n 

naive Ss, t h e same workers l a t e r (1967) r e p o r t i n g 

w i t h the same s t i m u l u s t h a t a l t h o u g h the l e n g t h and 
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i n c l i n a t i o n o f the d i a g o n a l s d i d not a f f e c t p e r s p e c t i v e 

dominance.the o r i e n t a t i o n o f the d i a g o n a l s d i d a f f e c t 

b o t h the f i r s t aspect r e p o r t e d and t h e r e l a t i v e 

dominance time o f each aspect. E a r l i e r i n v e s t i g a t i o n s 

i n t o the e f f e c t s of v a r i a t i o n s o f Necker cube 

appearance (Ammons and Ammons, 1963) concluded t h a t 

parameters such as o v e r a l l s i z e , l i n e w i d t h and 

s t i m u l u s o r i e n t a t i o n had l i t t l e major e f f e c t upon 

r e v e r s a l r a t e . Somewhat i n c o n t r a s t Washburn, 

Mallay and Naylor (1931) demonstrated t h a t a s m a l l e r 

Necker cube f l u c t u a t e d more r a p i d l y than a l a r g e r 

one. 

Not a l l a u thors r e p o r t s u f f i c i e n t d e t a i l t o 

assess the angular s i z e subtended at the o b s e r v e r ' s 

eye by the s t i m u l u s . C o n s i d e r a t i o n o f t h i s f a c t o r 

i s d e a l t w i t h i n the s e c t i o n s on eye movements and 

s t a b i l i s e d images. 

A s m a l l e r s t i m u l u s area i n r e v e r s i b l e f i g u r e -

ground s t i m u l i i s t y p i c a l l y p e r c e i v e d as f i g u r e 

more o f t e n than the l a r g e r s u r r o u n d i n g area, 

b u t as discussed next t h i s can be a f f e c t e d by the 

meaningfulness of the s t i m u l u s . A l t e r i n g the s i z e 

o f a r e v e r s i b l e p e r s p e c t i v e s t i m u l u s has had 

i n c o n c l u s i v e f i n d i n g s . 

2.2.2. Complexity and Meaningfulness 

The e f f e c t o f s t i m u l u s c o m p l e x i t y has been 

s t u d i e d i n two ways; the f l u c t u a t i o n r a t e o f s t i m u l i 

d i f f e r i n g i n c o m p l e x i t y has been compared and secondly 
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the e f f e c t o f i n c r e a s i n g the c o m p l e x i t y o f a 

s t i m u l u s so as t o fa v o u r one p a r t i c u l a r aspect has 

been considered. 

Using Mach's book f i g u r e and the Schroder 

s t a i r c a s e Gordon (1905) found t h a t the more complex 

p a t t e r n reversed at a slower r a t e than the s i m p l e r 

one ( t h e book f i g u r e ) . Donahue and G r i f f i t t s (1931) 

extended Gordon's f i n d i n g s t o more s t i m u l i o n l y 

f i n d i n g the same r e s u l t s as Gordon f o r the same 

s t i m u l i as he had used For e i g h t o t h e r f i g u r e s 

(such as the Beaunis cubes, r e v e r s i b l e t umbler and 

the Necker cube) i n c r e a s i n g s t i m u l u s c o m p l e x i t y 

was accompanied by an i n c r e a s i n g r e v e r s a l r a t e f o r 

f o u r out of t h e i r s i x Ss. S i m i l a r l y , P h i l i p and 

F i s i c h e l l i (1945) u s i n g r o t a t i n g L i s s a j o u s f i g u r e s 

found f a s t e r r e v e r s a l w i t h more complex p a t t e r n s . 

Also Cornwell (1976) has r e c e n t l y demonstrated t h a t 

a normal Necker cube reversed at a f a s t e r r a t e than 

one i n which o n l y segments o f the cube ( a l e s s 

complex s t i m u l u s ) were p r e s e n t . 

I n c o n t r a s t , Washburn, Reagan and Thurston 

(1934) r e p o r t e d t h a t when i n s t r u c t i o n s t o h o l d one 

aspect were given then t h e i r s i m p l e s t f i g u r e (a book 

f i g u r e ) was the one whose r e v e r s a l r a t e the Ss 

co u l d most e a s i l y c o n t r o l v o l u n t a r i l y as compared t o 

the more complex Necker cube and Schroder s t a i r c a s e . 

This demonstrated t h a t the complex s t i m u l i more 

r e a d i l y gave r i s e t o f l u c t u a t i o n s . 
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P o r t e r (1938) compared the r e v e r s a l r a t e of 

s e v e r a l s t i m u l u s f i g u r e s . I t was found t h a t the 

s i m p l e r f i g u r e s such as Rubin's vase, Necker 

cube or the 'rabbit-duck' f i g u r e e l i c i t e d more r a p i d 

f l u c t u a t i o n s 

Flu'gel (1913^ presented a s e r i e s of e i g h t 

v e r s i o n s o f Mach's t r u n c a t e d pyramid t o Ss. These 

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

( t h e s t i m u l i having p r o g r e s s i v e l y more d e t a i l s 

added t o them which favoured one aspect). I n a 

p a s s i v e v i e w i n g c o n d i t i o n , the r e s u l t s demonstrated 

t h a t the " c o m p l i c a t i o n s i n the drawings possess 

s u r p r i s i n g l y l i t t l e power t o produce the favoured 

p e r s p e c t i v e and t o prevent a r e v e r s a l . " I t may be 

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

l i t t l e e f f e c t was due t o F l u g e l ' s use of darker, and 

thus more obvious, main o u t l i n e s o f the b a s i c f i g u r e 

throughout the s t i m u l u s s e r i e s so d e t r a c t i n g from 

any e f f e c t of the a d d i t i o n a l d e t a i l s ( P e l t o n , 

S o l l e y and B r e n t , 1963 ). For i n s t a n c e Osgood (1953) 

has demonstrated t h a t adding markings t o Rubin's 

Vase-face' f i g u r e so as t o f a v o u r one aspect d i d 

i n c r e a s e t h a t aspect's preponderance over the 

a l t e r n a t i v e . 

To sum up t h e n , s t u d i e s o f the e f f e c t o f 

c o m p l e x i t y are r a t h e r i n c o n c l u s i v e . Complexity i t s e l f 

i s o f t e n i l l defined,and taken as a r e l a t i v e measure 

between the d i f f e r e n t s t i m u l i used. 
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The meaningfulness o f the s t i m u l u s f o r the S 

i s a l s o i m p o r t a n t . Dutton and T r a i l l (1933) found 

t h a t when a s m a l l enclosed s t i m u l u s area was 

considered as a 'cave' or some o t h e r m e a n i n g f u l 

'hole' type o f s t i m u l u s then t h i s a ided the l a r g e r 

s u r r o u n d i n g area t o be p e r c e i v e d as f i g u r e . T h i s 

i s a l s o i m p l i e d i n Donahue and G r i X f i t t s ( 1931) 

r e s u l t s where the g r e a t e r the d e f i n i t e n e s s o f ideas 

i n the type of s t i m u l u s then the f a s t e r was the 

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

P e l t o n , S o l l e y and Brent (1969) u s i n g a p a t t e r n 

w i t h a c e n t r a l i r r e g u l a r d i v i d i n g contour,where one 

h a l f had a d d i t i o n a l p a t t e r n elements ( i . e . 

a d d i t i o n a l c o m p l e x i t y i n one h a l f o n l y ) , f o u n d t h a t 

n e i t h e r c o m p l e x i t y nor meaningfulness i n c r e a s e d the 

s t a b i l i t y o f t h a t h a l f - p a t t e r n u n l ess the elements 

were " f u n c t i o n a l l y i n t e g r a t e d w i t h the c e n t r a l 

contour" ( i . e . e n t e r e d i n t o a G e s t a l t of which the 

c e n t r a l contour i s one c o n s t i t u e n t ) . 

T his may w e l l extend t o the e f f e c t s o f 

c o m p l e x i t y and meaningfulness on o t h e r s i m i l a r 

s t i m u l i so t h a t these e f f e c t s are i n terms o f the 

G e s t a l t so formed. An i l l u s t r a t i o n o f t h i s i s found 

i n the work of Hochberg and M c A l i s t e r (1953) who 

measured s t i m u l u s i n f o r m a t i o n i n terms o f the number 

of l i n e segments, angles and p o i n t s o f i n t e r s e c t i o n . 

Using a s e r i e s o f Kopfermanncubes ( e s s e n t i a l l y 

v a r i a t i o n s o f the Necker cube at d i f f e r e n t angles) 
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they found t h a t : "the l e s s the amount o f i n f o r m a t i o n 

needed t o d e f i n e a g i v e n o r g a n i s a t i o n as compared t o 

the o t h e r a l t e r n a t i v e s , the more l i k e l y the f i g u r e s 

w i l l be so p e r c e i v e d . " Thus the l i k e l i h o o d o f the 

response t o the cubes as two-dimensional o b j e c t s , 

r a t h e r than t h r e e - d i m e n s i o n a l ones, i n c r e a s e d as 

the amount of i n f o r m a t i o n d e f i n i n g t h i s decreased. 

2.2.3. B r i g h t n e s s , Hue and I l l u m i n a t i o n 

These t h r e e f a c t o r s have u s u a l l y been s t u d i e d 

t o g e t h e r i n the same set o f experiments. 

Using a Rubin's cross s t i m u l u s Graham (1929) 

found t h a t the b r i g h t e r r e d cross dominated over 

the a l t e r n a t e blue cross. U n f o r t u n a t e l y t h i s e f f e c t 

was confounded by the e f f e c t o f hue a l t h o u g h 

Goldharaer (1934) found t h a t d e c r e a s i n g b r i g h t n e s s 

i n c r e a s e d f i g u r a l dominance. Oyama (1 9 6 0 ) , u s i n g 

a s i x s e c t o r e d d i s c , found t h a t s e c t o r dominance 

increased w i t h the b r i g h t n e s s d i f f e r e n c e between 

the s e c t o r and the s u r r o u n d i n g f i e l d , a l s o f i n d i n g 

t h a t dark s e c t o r s were l e s s o f t e n seen as f i g u r e . 

However, Murray and Ragland (1976) showed t h a t the 

darker areas o f a Rubin's cross s t i m u l u s were more 

dominant. 

Using v a r i a t i o n s o f Rubin's 'vase-face' f i g u r e 

Harrower (1936) found t h a t b r i g h t n e s s i t s e l f was 

not i m p o r t a n t but t h a t the b r i g h t n e s s d i f f e r e n c e 

between the two p a r t s o f the s t i m u l u s a f f e c t e d the 

dominance of one as the f i g u r e . Thus, whereas a 

w h i t e f i g u r e was dominant on a dark grey f i e l d a 
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b l a c k f i g u r e was dominant on a l i g h t grey f i e l d . 

Lindauer and Lindauer (1970) u s i n g a s i m i l a r 

s t i m u l u s t o Harrower o b t a i n e d a c o n t r a r y r e s u l t i n 

t h a t the da r k e r area favoured a f i g u r e p e r c e p t . 

I n a study of the Necker cube M u l l , Ord and 

Locke (1954) determined t h a t n e i t h e r i l l u m i n a t i o n 

nor b r i g h t n e s s c o n t r a s t a f f e c t e d the r e v e r s a l r a t e . 

M u l l , Armstrong and T e l f e r (1956) u s i n g a Maltese 

cross s t i m u l u s c o n f i r m e d t h i s . S i m i l a r l y , Howard 

(1961) s t u d y i n g a r o t a t i n g cube found no 

r e l a t i o n s h i p between the s a t i a t i o n p e r i o d o f the 

cube and a change o f b r i g h t n e s s . I n c o n t r a s t , w i t h 

the Necker cube and t h r e e i l l u m i n a t i o n l e v e l s , 

Cipywnyk (1959) found a f a s t e r r e v e r s a l r a t e was 

caused by bo t h the degree o f i l l u m i n a t i o n and a l s o 

w i t h b r i g h t e r i l l u m i n a t i o n . Cipywnyk (1959) has 

f u r t h e r i n t e r p r e t e d the f i n d i n g t h a t 

b i n o c u l a r v i e w i n g produced a h i g h e r r e v e r s a l r a t e 

than monocular v i e w i n g as s u p p o r t i v e of an e f f e c t 

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

r e s u l t e d i n g r e a t e r b r i g h t n e s s than i n the monocular 

c o n d i t i o n . 

Coren and Komoda (1973 ) u s i n g a ' r e v e r s i b l e -

p i p e ' s t i m u l u s showed t h a t S's judged the same 

s t i m u l u s area t o be o f d i f f e r e n t l i g h t n e s s b e f o r e 

and a f t e r a r e v e r s a l . I n t h i s s i t u a t i o n the 

i l l u m i n a t i o n d i d not change, i n s t e a d the m e a n i n g f u l 

i n t e r p r e t a t i o n imposed by the S r e s u l t e d i n such 
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apparent change. 

Sectored d i s c p a t t e r n s have been used t o 

i n v e s t i g a t e the e f f e c t s o f hue. Graham (1929) 

f i n d i n g no c l e a r r e s u l t s , whereas Oyama (1960) 

demonstrated t h a t red s e c t o r s dominated w i t h b l u e 

s e c t o r s b e i n g l e a s t dominant. I n c o n t r a s t Murray 

and Ragland (1976) found the reverse r e s u l t . 

I n summary c o n t r o v e r s i a l r e s u l t s have been 

found i n the few s t u d i e s o f these parameters t h a t have 

been undertaken. A c o n t r i b u t i n g j a c t o r t o t h i s may 

be due t o the d i f f e r e n c e s between the v a r i o u s 

e x p e r i m e n t a l designs employed. 

2.2.4. R o t a t i n g S t i m u l i 

Various f a c t o r s a f f e c t the p e r s p e c t i v e r e v e r s a l s 

o f two and t h r e e dimensional r o t a t i n g s t i m u l i . W i t h 

such r o t a t i n g s t i m u l i b o t h r e v e r s a l s o f the d i r e c t i o n 

o f r o t a t i o n and r a p i d o s c i l l a t i o n o f the r o t a t i n g 

s t i m u l u s can occur (Howard, 1961). 

L i s s a j o u s f i g u r e s have been used t o demonstrate 

t h a t r e v e r s a l r a t e i n c r e a s e d w i t h the f o l l o w i n g ; the speed o f 

r o t a t i o n ( P h i l i p and F i s i c h e l l i , 1945), the p a t t e r n 

o f c o m p l e x i t y ( P h i l i p and F i s i c h e l l i , 1945; 

F i s i c h e l l i , 1947) and the a x i s o f r o t a t i o n - the 

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

than f o r t h e v e r t i c a l a x i s ( F i s i c h e l l i , 1946). 

2.2.5. S t i m u l u s P r e s e n t a t i o n 

A wide range o f p r e s e n t a t i o n s or t r i a l s have 

been used. B r i e f t a c h i s t o s c o p i c exposures were used 
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by W a l l i n (1905) , S o l l e y and Long ( 1958 ) , S o l l e y 

and Santos ( 1958 ) , Santos,Farrow and S o l l e y ( 1962), 

T h e t f o r d ( 1963 ). Orbach and co-workers have c a r r i e d 

out a s e r i e s o f experiments, (e.g. Orbach, E h r l i c h 

and Heath,1963). T y p i c a l l y , t r i a l l e n g t h s v a r i e d 

between 10s t o 1 minute w i t h some s t u d i e s u s i n g 2, 

10 or even 15 minutes. These have been reviewed 

by P r i c e (1969b) f o r r e v e r s i b l e p e r s p e c t i v e f i g u r e s . 

Rapid i n t e r m i t t e n t p r e s e n t a t i o n o f s t i m u l i has a l s o 

been used ( K o l e r s , I964 a; Ammons, U l r i c h and Ammons, 

1959 ) • 

Sadler and M e f f e r d (1970, 1971) have c h a r a c t e r i s e d 

the time s c a l e o f the p e r c e p t i o n o f f l u c t u a t i n g 

s t i m u l i as c o n s i s t i n g o f t h r e e phases. I n i t i a l l y , 

t h e observer o r i e n t s towards the s t i m u l u s , i n t e r p r e t i n g 

the i n s t r u c t i o n s and t r y i n g t o con s t r u e the s t i m u l u s . 

Thus, t h e r e i s u s u a l l y some time b e f o r e t h e f i g u r e 

f i r s t f l u c t u a t e s , t h e S p e r c e i v i n g a ' p r e f e r r e d ' 

aspect ( c . f . Howard's (1961) s a t i a t i o n p e r i o d and P r i c e ' s 

(1967b) i n i t i a l P I t i m e ) . T h i s i s f o l l o w e d by a 

second phase i n which the f l u c t u a t i o n s are r e p o r t e d . 

F i n a l l y , a t h i r d phase occurs i n p r o l o n g e d v i e w i n g 

where boredom, f a t i g u e e t c . can a f f e c t the S's 

responses. T h i s f i n a l phase p o s s i b l y accounts f o r 

the breakdown i n responses noted by P r i c e ( 1 969 a) 

a f t e r about 10 r e v e r s a l s and Bruner, Postman and 

M a s t e l l e r (1950) i n the l a t t e r p a r t o f a 10 mins. t r i a l . 
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2.2.6. Summary 

The main s t i m u l u s f a c t o r s which have been 

s t u d i e d are co n s i d e r e d above. With r e v e r s i b l e 

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

area w i l l be p e r c e i v e d as f i g u r e depends both on 

i t s s i z e and t h a t of the s u r r o u n d i n g area, 

a l t h o u g h t h i s can be a f f e c t e d by s t i m u l u s c o m p l e x i t 

and t h e meaningfulness o f the s t i m u l u s f o r the S. 

With o t h e r ambiguous and r e v e r s i b l e p e r s p e c t i v e 

s t i m u l i the f a c t o r o f s i z e t y p i c a l l y a f f e c t s b o t h 

aspects so t h a t s i z e r e f e r s t o the o v e r a l l s t i m u l u s 

s i z e as opposed t o the s i z e o f p a r t o f the s t i m u l u s 

T h i s o v e r a l l s t i m u l u s s i z e i s i m p o r t a n t e s p e c i a l l y 

when the p o s s i b l e r o l e o f eye movements i s 

con s i d e r e d and t h i s i s d e a l t w i t h i n a l a t e r 

s e c t i o n . 

Complexity and meaningfulness can a f f e c t the 

p e r c e p t i o n o f the s t i m u l u s and seem r e l a t e d t o the 

p a r t i c u l a r G e s t a l t b e i n g considered. Complexity i s 

o f t e n i l l d e f i n e d and sometimes i s o n l y a r e l a t i v e 

measure between d i f f e r e n t s t i m u l i . Meaningfulness 

can act t o cause a 'set' e f f e c t and so enhance t h e 

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

area o f the s t i m u l u s as f i g u r e , Meaningfulness i s 

r e l a t e d t o p r i o r e xperience, a f a c t o r c o n s i d e r e d 

l a t e r e s p e c i a l l y f o r ambiguous s t i m u l i . 

The t h r e e somewhat i n t e r - r e l a t e d f a c t o r s o f 

b r i g h t n e s s , hue and i l l u m i n a t i o n have tended t o be 

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

s t i m u l i are o n l y d e a l t w i t h b r i e f l y . The v a r i o u s 

s t i m u l u s p r e s e n t a t i o n times t h a t have been employed 

by d i f f e r e n t r e s e a r c h e r s are f i n a l l y o u t l i n e d . 

I n c o n c l u s i o n the p e r c e p t i o n o f f i g u r e i n a 

s t i m u l u s can depend upon s e v e r a l d i f f e r e n t s t i m u l u s 

f a c t o r s , some o f which are i n t e r - r e l a t e d . Research 

i n t o the exact e f f e c t s o f these f a c t o r s has o f t e n 

produced i n c o n s i s t e n t evidence. G e n e r a l l y 

r e v e r s i b l e p e r s p e c t i v e o r r e v e r s i b l e f i g u r e - g r o u n d 

s t i m u l i have been employed. The i n c o n c l u s i v e 

r e s u l t s may p a r t l y be due t o the use o f d i f f e r e n t 

s t i m u l i as w e l l as d i f f e r e n t e x p e r i m e n t a l 

arrangements. 

2. -3. VIEWING CONDITIONS 

2.3.1. Monocular and B i n o c u l a r Viewing 

B i n o c u l a r v i e w i n g o f the s t i m u l u s i s used i n 

most s t u d i e s a l t h o u g h some have used monocular 

p r e s e n a t i o n (e.g. Shopland and Gregory, 1964; 

Ax e l r o d and Thompson, 1962; Brown, 1955, 1962). 

Of p a r t i c u l a r i n t e r e s t are those experiments where 

e i t h e r the e f f e c t s o f both types o f v i e w i n g have 

been compared or where Ss change from b i n o c u l a r 

t o monocular v i e w i n g . The e f f e c t o f s i m p l y changing 

the eye b e i n g used i n monocular c o n d i t i o n s h a s a l s o 

been i n v e s t i g a t e d . 
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As p a r t 01 F l u g e l ' s (1913a) study when Ss observed 

w i r e models o f Necker's cube i t was observed t h a t 

" r e v e r s a l s c o u l d not be o b t a i n e d so f r e q u e n t l y w i t h 

two eyes or m a i n t a i n e d so l o n g " , i t b e i n g e a s i e r t o 

reve r s e the cube when v i e w i n g i t monocularly. 

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 i s a b i l i t y were 

p a r t i c u l a r l y noted. With a s i m i l a r s t i m u l u s , Howard 

(1961) demonstrated an i n v e r s e r e l a t i o n s h i p between 

b i n o c u l a r v i s i o n and the l a t e n c y t o the f i r s t 

r e v e r s a l , t h i s b e i n g longer f o r the b i n o c u l a r than 

the monocular p r e s e n t a t i o n . Of i n t e r e s t i s the 

f i n d i n g t h a t two o f h i s Ss who lacked s t e r e o s c o p i c 

v i s i o n demonstrated very b r i e f l a t e n c i e s ( s i m i l a r 

t o those f o r normal monocular v i e w i n g ) f o r t h i s 

s t i m u l u s . Although P r i c e (1967b)found no r e l a t i o n s h i p 

between s t e r e o s c o p i c v i s i o n (as measured by a 

s t e r e o p s i s t e s t ) and s a t i a t i o n time f o r a s i n g l e 

r o t a t i n g cube. 

McDougall (1906) mentions an o b s e r v a t i o n he made 

on a w i n d m i l l t h a t , when v i e w i n g i t from the s i d e , t h e 

s a i l s o f the w i n d m i l l appeared t o r e v e r s e i n depth 

upon c l o s i n g one eye, and r e v e r t e d t o normal when he 

again opened t h a t eye. 

Dornic (1967), f o l l o w i n g Howard, s t u d i e d the 

s t a b i l i t y o f t he apparent o r i e n t a t i o n o f a r o t a t i n g 

w i r e cube, which was i n i t i a l l y viewed b i n o c u l a r l y and 

then e i t h e r one or both eyes wore occluded f o r a 

s h o r t t i m e . The e f f e c t i v e n e s s of these measures <n 
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p r o d u c i n g a simultaneous r e v e r s a l o f the cube was 

taken as a measure of the s t a b i l i t y o f the p e r c e p t . 

Completely o c c l u d i n g the s t i m u l u s f o r a s h o r t time 

was l e s s e f f e c t i v e at p r o d u c i n g such a r e v e r s a l than 

was the removal of the depth cues ( i . e . changing 

from b i n o c u l a r t o monocular v i e w i n g ) . 

Adams (1954) used monocular v i e w i n g o f a s k e l e t a l 

cube,observing t h a t p r i o r monocular experience o f the 

cube, a f t e r i t had reversed, r e s u l t e d i n t h i s aspect 

p e r s i s t i n g a f t e r a p e r i o d o f no s t i m u l a t i o n when 

e i t h e r the same or d i f f e r e n t eye was then subsequently 

used. S p i t z and Lipman (19^2) used v a r i o u s monocular 

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 o f a Necker cube. 

The two monocular c o n d i t i o n s were arranged so t h a t 

an o v e r a l l two minute v i e w i n g s e s s i o n was done w i t h 

Ss e i t h e r s i m p l y swapping eyes a f t e r 1 minute or e l s e 

swapping b o t h eyes and hemispheres. S w i t c h i n g 

hemispheres, and so s w i t c h i n g c o r t i c a l p r o j e c t i o n 

areas, a f f e c t e d the r e v e r s a l r a t e w h i l s t s i m p l y 

s w i t c h i n g eyes d i d n o t . C o r t i c a l dominance was 

a l s o i m p l i c a t e d i n Adams' (1954) study where an e f f e c t 

was found dependent upon which eye was used f o r the 

i n i t i a l v i e w i n g . More r e p o r t s of the r e v e r s e d aspect 

were o b t a i n e d when the r i g h t eye was i n i t i a l l y used. 

Research i n t o the e f f e c t s o f monocular or 

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

p e r s p e c t i v e f i g u r e s . The a b i l i t y o f such f i g u r e s t o 
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a p p a r e n t l y reverse i n depth i s not r e l a t e d t o 

v i e w i n g such s t i m u l i w i t h both eyes. I n f a c t more 

r e v e r s a l s appear t o occur i n monocular v i e w i n g . 

Why t h i s s h o u l d be so i s d i f f i c u l t t o say, as P r i c e 

(1969b ) p u t s i t " . . . t h e r e i s room f o r s p e c u l a t i o n . . . " . 

When monocularly v i e w i n g these s t i m u l i 

changing eyes can e l i c i t a r e v e r s a l . Completely 

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

t o b l i n k i n g , i s a l s o p a r t l y e f f e c t i v e a t causing a 

r e v e r s a l . 

Monocular v i s i o n would seem t o be p r o v i d i n g 

fewer cues t o m a i n t a i n the p e r c e p t i o n o f one 

p a r t i c u l a r aspect than i n b i n o c u l a r v i s i o n . S w i t c h i n g 

eyes monocularly may cause changes i n such cues which 

are then more r e l a t e d t o the a l t e r n a t e aspect. Such 

changes may then cause the a l t e r n a t e schema t o be 

e n t e r t a i n e d . 

2.3.2. Simultaneous Viewing o f Two R e v e r s i b l e S t i m u l i 

C o n d i t i o n s i n which two r e v e r s i b l e p e r s p e c t i v e 

s t i m u l i have been s i m u l t a n e o u s l y p r e s e n t e d have been 

s t u d i e d . The i n t e r e s t here i s i n whether such s t i m u l i 

appear t o r e v e r s e i n the same or d i f f e r e n t o r i e n t a t i o n s . 

I n one o f F l u g e l ' s (1913a) c o n d i t i o n s Ss f i x a t e d 

midway between two i d e n t i c a l s t i m u l i , these b e i n g 

e i t h e r cubes o r o u t l i n e drawings o f t a b l e s . I t was 

found t h a t a l t h o u g h t h e r e was a tendency f o r the two 

s t i m u l i t o f l u c t u a t e t o g e t h e r , t h e r e were occasions 

when they were r e p o r t e d t o be i n o p p o s i t e phase or 
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o r i e n t a t i o n to each o t h e r . Four out of the f i v e 

Ss' r e c o r d s showed t h a t the p e r c e n t a g e of time i n 

which the two i d e n t i c a l s t i m u l i were r e p o r t e d to 

be i n such o p p o s i t e phase to each o t h e r was l e s s 

than 50% ( v a r y i n g between 11-43% f o r the cubes and 

2-5% f o r the t a b l e s ) . When the same experiment was 

c a r r i e d out u s i n g a cube and a t a b l e shown at 

the same time i t was again demonstrated t h a t the 

two s i m u l t a n e o u s l y viewed s t i m u l i c o u l d r e v e r s e 

independently. As F l u g e l p u t s i t " i t i s e v i d e n t 

t h a t t h e r e e x i s t s on the whole a remarkable degree 

of independence i n the behaviour of the f i g u r e s , 

though the r e s u l t s o b t a i n e d are i r r e g u l a r . " I n a 

t h i r d experiment a s t e r e o s c o p e was used to superimpose 

the two d i f f e r e n t s t i m u l i . Once again l i t t l e 

r e l a t i o n s h i p between t h e i r p e r s p e c t i v e r e v e r s a l s was found. 

F l u g e l took t h e s e r e s u l t s as e v i d e n c e a g a i n s t a 

s i n g l e p h y s i o l o g i c a l f a c t o r such as the "Traube-

Her i n g waves" as w e l l as to be d i f f i c u l t to r e c o n c i l e 

w i t h an e x p l a n a t i o n i n v o k i n g eye movements. 

I n t h e s e experiments the s t i m u l i were each 

drawn on c a r d of o v e r a l l s i z e 4.5 x 2.5 cms and 

viewed by a S from about 40 cms. Where the s t i m u l i 

were s p a t i a l l y s e p a r a t e d then the d i s t a n c e between 

each c a r d was .25 cms. A c e n t r a l f i x a t i o n p o i n t 

was used throughout. T h i s means t h a t the s p a t i a l l y 

s e p a r a t e d s t i m u l i were each l e s s than 6.4° x 3.6° 

and were s e p a r a t e d by more than 0.35° v i s u a l a n g l e , 
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Adams and H a i r e (1958) used double Necker cube 

drawings such t h a t the two cubes were e i t h e r j o i n e d 

t o g e t h e r i n d i f f e r e n t ways or e l s e were s e p a r a t e d 

by a s m a l l or a l a r g e gap. Ss f i r s t p r a c t i c e d 

r e v e r s a l s w i t h a s i n g l e Necker cube b e f o r e 

e x p e r i e n c i n g the double cube f i g u r e s . They were 

i n s t r u c t e d to adopt a p a s s i v e a t t i t u d e and to 

"look d i r e c t l y at both cubes s i m u l t a n e o u s l y and not 

to focus t h e i r a t t e n t i o n on one or the o t h e r . " 

The r e s e a r c h i n t e r e s t here was i n the i n i t i a l 

p e r c e p t i o n of the s t i m u l i and s i g n i f i c a n t l y more 

than h a l f the Ss r e p o r t e d the cubes l o o k i n g 'down' 

( t h e lower f a c e appearing n e a r e r ) on t h i s o c c a s i o n . 

A l s o s i g n i f i c a n t l y more than h a l f the Ss r e p o r t e d 

t h a t the cubes s u b s e q u e n t l y r e v e r s e d t o g e t h e r . Very 

few r e p o r t s of s i m u l t a n e o u s r e v e r s a l s of the two 

cubes a p p e a r i n g i n d i f f e r e n t o r i e n t a t i o n s were 

o b t a i n e d and t h e s e r e p o r t s were m a i n l y f o r one 

p a r t i c u l a r s t i m u l u s where the two cubes were j o i n e d 

s i d e by s i d e . From t h e i r d a t a the cubes were s e p a r a t e d 

by a gap of e i t h e r 0.2° or 0.5°(subtended v i s u a l a n g l e ) 

and the cubes themselves were approximately 2° v i s u a l 

angle i n l e n g t h . V e r b a l r e p o r t s were g i v e n by the 

Ss both of the i n i t i a l i m p r e s s i o n as w e l l as of the 

r e v e r s a l s under subsequent p a s s i v e v i e w i n g . 

I n another study u s i n g one Necker cube i n s c r i b e d 

w i t h i n another Adams and H a i r e (1959) r e p o r t t h a t 

when the i n s c r i b e d cube was drawn i n o p p o s i t e 
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o r i e n t a t i o n to the l a r g e r cube then Ss r e p o r t e d 

f a s t e r r e v e r s a l s f o r tht s m a l l one. I n s t r u c t i o n s 

were to: 

"observe both cubes at the same time and, 
when the r a t e of r e v e r s a l had become 
st a b l e , to d e s c r i b e the r e l a t i v e r a t e s and 
any correspondence in the r e v e r s a l of one 
wit h r e s p e c t to the o t h e r . " (p.297) 

The l a r g e cube's f a c e was 7.5 cms wide and 

t h a t of the s m a l l e r one 2.5 cms. U n f o r t u n a t e l y 

the v i e w i n g d i s t a n c e i s not g i v e n , but i f i t i s 

assumed to be t h a t of t h e i r p r e v i o u s study, (91 cms) 

then the s t i m u l i are approximately 4.7^ and 1.6^ v i s u a l 

angle r e s p e c t i v e l y . 

Howard (1961) i n one c o n d i t i o n u t i l i s e d two 

w i r e cubes r o t a t i n g i n o p p o s i t e d i r e c t i o n s e i t h e r 

s i d e of a f i x a t i o n p o i n t , f i n d i n g t h a t r e v e r s a l s 

tended to oc c u r t o g e t h e r but i n o p p o s i t e d i r e c t i o n s . 

The cubes were 5.7° v i s u a l angle i n l e n g t h and were 

s e p a r a t e d by a c e n t r e to c e n t r e angle of 

approximately 10°. 

The s i m u l t a n e o u s r e v e r s a l of such s t i m u l i i n 

o p p o s i t e d i r e c t i o n s i s d i f f i c u l t to r e c o n c i l e w i t h 

a theory ( e . g . the e a r l y p e r i p h e r a l i s t s ) s t r e s s i n g 

t h a t an eye movement i n a p a r t i c u l a r d i r e c t i o n i s 

r e l a t e d to a r e v e r s a l . The s i z e of s t i m u l i used 

a l s o tend to support t h i s i n t h a t they a r e l a r g e r 

than the f o v e a l a r e a of the eye and so eye movements 

would be normally expected to scan the s t i m u l i had 

not f i x a t i o n been s p e c i f i e d . These f i n d i n g s i.^em to 
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suggest t h a t such s t i m u l i p a i r s a r e responded to 

as a whole. V i s u a l a t t e n i i o n seems important h e r e . 

Kaufman and R i c h a r d s (1969) have demonstrated 

e l s e w h e r e t h a t f i x a t i o n p o s i t i o n and the l o c u s of 

v i s u a l a t t e n t i o n need not e x a c t l y correspond 

s p a t i a l l y . The s p e c i f i c a t i o n of f i x a t i o n does not 

n e c e s s a r i l y r u l e out p o s s i b l e eye movements which 

may a l s o o c c u r . I f such s t i m u l u s p a i r s a r e responded 

to as a whole then such eye movements or v i s u a l 

a t t e n t i o n changes may p o s s i b l y e x p l a i n t h e s e 

r e v e r s a l s . 

2.3.3. P e r s p e c t i v e R e v e r s a l s i n I n t e r n a l l y 

Generated Images 

P e r s p e c t i v e r e v e r s a l s o c c u r when s t i m u l i a r e 

used which r e s u l t i n i n t e r n a l l y generated images of 

t h r e e - d i m e n s i o n a l drawings. 

Haber (1969) r e p o r t s an experiment where e i g h t 

c h i l d r e n who had demonstrated e i d e t i c imagery 

a b i l i t y were shown the Necker cube f o r 30s. A l l 

the c h i l d r e n r e p o r t e d depth r e v e r s a l s of the f i g u r e 

d u r i n g t h i s p e r i o d but l a t e r o n l y t h r e e of them 

were a b l e to r e p o r t such r e v e r s a l s of the e i d e t i c image 

of the cube. The number of r e v e r s a l s was l e s s i n the 

e i d e t i c image, be i n g about 4 r e v e r s a l s per 10s period, 

compared to 7 r e v e r s a l s i n the same time d u r i n g the 

i n i t i a l v i e w i n g p e r i o d . These t h r e e c h i l d r e n had 

a l s o r e p o r t e d t h r e e - d i m e n s i o n a l e i d e t i c images of o t h e r 

t h r e e - d i m e n s i o n a l o b j e c t s and were p a r t i c u l a r l y 'good' 

e i d e t i c imagers. 
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Hochberg (1968) reported spontaneous r e v e r s a l s 

of dot stereograms of r e v e r s i b l e p e r s p e c t i v e f i g u r e s . 

J u l e s z (1974) p r e s e n t s an ambiguous stereogram of an 

a s c e n d i n g and descending s t a i r c a s e p o i n t i n g out t h a t 

i t t a k e s : 

" c o n s i d e r a b l e time to l e a r n how to 
p e r c e i v e both o r g a n i s a t i o n s at w i l l . 
Even those who can e a s i l y master 
t h i s s w i t c h i n mental o r g a n i s a t i o n 
u s u a l l y have to d e s t r o y the p r e v a i l i n g 
s t a t e by b l i n k i n g or w a i t i n g some 
time f o r n e u r a l a d a p t a t i o n . " (p. 3 7 ) . 

The S hroder s t a i r c a s e has been p r e s e n t e d as a 

stereogram by V i r s u ( 1 9 7 5 ) . I n a f i g u r a l a f t e r - e f f e c t s 

paradigm a d a p t a t i o n stereograms c o n t a i n i n g h o r i z o n t a l 

d i s p a r i t y such as to f a v o u r one or o t h e r a s p e c t were 

used t o g e t h e r w i t h a t e s t stereogram r e p r e s e n t i n g 

both a s p e c t s which had no d i s p a r i t y . I n l i n e w i t h a 

s a t i a t i o n t heory e x p l a n a t i o n a d a p t a t i o n to one 

a s p e c t l e d to a d e c r e a s e i n r e p o r t i n g t h a t a s p e c t 

i n the s u b s e q u e n t l y p r e s e n t e d t e s t stereogram. I n 

t h i s study f i x a t i o n was m a i n t a i n e d by Ss to a i d f u s i o n . 

Corraack and Arger (1968) have used stereograms of a 

Necker cube under t h r e e c o n d i t i o n s of d i s p a r i t y and 

both w i t h or without stmdy f i x a t i o n . R e t i n a l 

d i s p a r i t y was shown to m i l d l y i n c r e a s e the dominance 

of the o r i e n t a t i o n consonant w i t h the d i s p a r i t y ( t h i s 

b e i n g such t h a t the upper f a c e of the Necker cube 

appeared f a r t h e r away) and t h i s e f f e c t was g r e a t e r 

w i t h o u t a f i x a t i o n p o i n t . R e t i n a l d i s p a r i t y 

a f f e c t e d the r e v e r s a l r a t e but the p r e s e n c e or absence 
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of a f i x a t i o n p o i n t d i d not, Both V i r s u and a l s o 

Cormack and Arger appear from t h e i r d a t a to have 

used s t i m u l i approximately 5° v i s u a l angle i n 

l e n g t h . 

K o l e r s ( 1 9 6 4 a ) i n v e s t i g a t e d a p h i e f f e c t of a 

Necker cube which was a l t e r n a t e d w i t h another cube 

so as to appear i n motion, f i n d i n g more r e v e r s a l s 

i n t h i s c a s e when compared to a c o n t i n u o u s l y viewed 

s t a t i o n e r y Necker cube. Ss r e p o r t e d t h a t the cube 

not o n l y r e v e r s e d a t each t e r m i n i but a l s o i n the 

c e n t r a l space between the two a c t u a l cube p o s i t i o n s 

(where the cube never i n f a c t a p p e a r s ) . 

I t i s d i f f i c u l t to r e l a t e p e r s p e c t i v e r e v e r s a l s 

of such phenomena d i r e c t l y w i t h p e r i p h e r a l f a c t o r s 

such as eye movements as the s t i m u l i a r e o n l y c r e a t e d 

h i g h e r i n the v i s u a l system. T h i s i s p a r t i c u l a r l y 

the c a s e w i t h the e i d e t i c images as r e v e r s a l s i n 

t h i s c a s e a r e r e p o r t e d i n the absence of any e x t e r n a l 

s t i m u l u s . R a t h e r t h e s e s t u d i e s seem to i l l u s t r a t e 

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

2.3.4. P a r t i a l P r e s e n t a t i o n of S t i m u l i 

E x p e r i m e n t a l c o n t r o l of v i s u a l s ampling of the 

s t i m u l u s has been attempted by u s i n g s e v e r a l p a r t i a l 

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

Leeper (1935) u s i n g B o r i n g ' s ambiguous f i g u r e 

and the ' r a b b i t - p i r a t e ' f i g u r e r e p o r t s an attempt to 

determine S's p e r c e p t i o n of t h e s e s t i m u l i through 

p a r t i a l p r e s e n t a t i o n . The s t i m u l i were drawn on 
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carclp v.hich were then covered by two p i e c e s of paper 

l e a v i n g only a s m a l l opening approximately 0.6 cms, 

through which c o u l d be seen a p a r t of the s t i m u l u s 

f i g u r e . The two papers were then drawn a p a r t so 

t h a t an e n l a r g i n g diamond shaped view of the s t i m u l u s 

became v i s i b l e . Leeper r e p o r t s two c o n d i t i o n s f o r 

the procedure: e i t h e r s n a t c h i n g the paper away as 

q u i c k l y as p o s s i b l e or e l s e the papers were s l o w l y 

drawn a p a r t ( t a k i n g 2-3s to uncover the p i c t u r e ) . 

For both c o n d i t i o n s Ss f i x a t e d on the i n i t i a l p a r t 

of the f i g u r e : " A f t e r a f i x a t i o n has been assumed... 

the s u b j e c t c o n t i n u e d to gaze at the p i c t u r e , and 

d e s c r i b e d what he saw." Leeper chose i n i t i a l 

s t a r t i n g p o s i t i o n s which he c o n s i d e r e d f a v o u r e d one 

as p e c t ( e . g . the nose of the young woman i n B o r i n g ' s 

f i g u r e ) or the o t h e r ( t h e mouth of the o l d woman i n 

the same p i c t u r e ) . Through such c o n t r o l of i n i t i a l 

f i x a t i o n Leeper hoped to determine the subsequent 

p e r c e p t i o n but he a t t a i n e d i n c o n c l u s i v e r e s u l t s : 

"The slow w i t h d r a w a l of the paper 
y i e l d e d e x a c t l y the same per c e n t a g e 
who saw the o r g a n i s a t i o n which 1 had 
not i n t e n d e d to favour as who saw 
the one I sought to b r i n g out. With 
the q u i c k j e r k i n g away, t h e r e may 
have been some tendency to see 1 he 
p i c t u r e which i n c l u d e d as a 
c o n s i s t e n t p a r t the d e t a i l which had 
been f i x a t e d ; but the group was too 
s m a l l to have any s i g n i f i c a n c e . " ( p > 70-71). 

U n f o r t u n a t e l y Leeper g i v e s l i t t l e d a t a on t h i s 

experiment, the above q u o t a t i o n r e p r e s e n t i n g h i s 

r e s u l t s w i t h no i n f o r m a t i o n c o n c e r n i n g p i c t u r e s i z e 
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or v i e w i n g d i s t a n c e . No c o n t r o l of f i x a t i o n p o s i t i o n 

was made and the time from the i n i t i a l exposure of 

the s t i m u l u s to the S's r e p o r t i n g h i s p e r c e p t i s 

not g i v e n . I t may w e l l be t h a t Ss d i d a c t u a l l y s c a n 

the s t i m u l u s ( p a r t i c u l a r l y i n the slow removal 

c o n d i t i o n ) b e f o r e r e p o r t i n g . The Ss exposed t o the 

s t i m u l i i n t h i s f a s h i o n had no s p e c i a l p r e l i m i n a r y 

p r e p a r a t i o n , thus t h i s f i n d i n g may to some e x t e n t 

r e f l e c t the n a i v e t y of the S s . 

Hochberg ( 1968) used J u l e s z - p a t t e r n d o t - m a t r i x 

stereograms of r e v e r s i b l e p e r s p e c t i v e f i g u r e s 

(Necker cube and 'bent c a r d ' f i g u r e s ) moved back 

and f o r t h behind b i n o c u l a r s l i t s . Ss viewed the 

s t i m u l i through t h e s e s l i t s and those who p e r c e i v e d 

such forms as t r i d i m e n s i o n a l a l s o r e p o r t e d 

spontaneous r e v e r s a l s . The width of the s l i t s was 

some 3° v i s u a l angle and t h a t of the f i g u r e s 18 - 20°, 

i t t a k i n g 1.5s f o r the s t i m u l i to t r a v e r s e behind the 

s l i t s . As Hochberg p o i n t s out c o - o r d i n a t e d t r a c k i n g 

or b i n o c u l a r r e t i n a l p a i n t i n g can h a r d l y e x p l a i n 

such p e r c e p t i o n . Hochberg has g r e a t l y used the 

method of v i e w i n g v a r i o u s t y p e s of f i g u r e s through 

an a p e r t u r e i n the development of h i s th e o r y . 

C h a s t a i n and Burnham (1975) have a c h i e v e d 

s e q u e n t i a l p a r t p r e s e n t a t i o n of the 'rat-man' f i g u r e 

i n a d i f f e r e n t f a s h i o n . Two a d d i t i o n a l v e r s i o n s of 

the ambiguous f i g u r e were c o n s t r u c t e d so t h a t each was 

more l i k e l y to be p e r c e i v e d as one or o t h e r of the 
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p o s s i b l e a s p e c t s . These t h r e e s t i m u l i were then 

s p l i t i n t o segments and filmed so t h a t i n the 

experiment the S f i x a t e d a c e n t r a l mark and the 

s t i m u l u s p i c t u r e was exposed segment by segment 

i n c o r r e c t s p a t i a l p o s i t i o n around t h i s p o i n t 

( e a c h segment exposure was f o r 55.6ms, o v e r a l l 

f i g u r e s i z e b e i n g 4° v i s u a l a n g l e ) . The e x p e r i m e n t e r s 

decided which segments most c o n s t i t u t e d a man, 

which most c o n s t i t u t e d a r a t and which r e p r e s e n t e d 

e i t h e r . F i l m s were then made s t a r t i n g w i t h one of 

t h e s e segments taken from the ambiguous v e r s i o n 

f o l l o w e d by subsequent segments from e i t h e r one of 

the b i a s e d v e r s i o n s or the ambiguous v e r s i o n ( t h e s e 

are shown i n F i g u r e 2 , 1 ) . A f t e r v i e w i n g the 

s t i m u l i the Ss s c o r e d the f i g u r e on a 'man-rat' 

r a t i n g s c a l e . A p plying a n a l y s i s of v a r i a n c e to the 

d a t a no e f f e c t of b i a s was found but the e f f e c t of 

s t a r t i n g segment was s i g n i f i c a n t i n t h a t the 

response was determined by t h i s segment. 

Subsequently, the man and r a t s t a r t i n g segments 

taken from the ambiguous v e r s i o n were i n d i v i d u a l l y 

shown to Ss i n a t a c h i s t o s c o p e f o r the same d u r a t i o n 

as i n the p r e v i o u s experiment. A pre-exposure 

f i x a t i o n p o i n t was used although i t i s not 

s p e c i f i e d i f t h i s was such t h a t the segments were 

shown i n the same r e l a t i v e s p a t i a l p o s i t i o n s as 

b e f o r e . Ss were i n i t i a l l y shown geometric p r a c t i c e 

f i g u r e s and then t o l d t h a t the next p r e s e n t a t i o n 



MAN VERSION 

AMBIGUOUS VERSION 
D i v i d e d i n t o the 6 segments. 
S t a r t i n g segments:l=man;5=rat;6=either 

RAT VERSION 

F i gure 2.1 Ambiguous and unambiguous v e r s i o n s o f the 
'Rat-Man' ambiguous f i g u r e . C h a s t a i n and 
Burnham ( 1 9 7 5 ) . 

F i g u r e 2.2 Eye movements of Ss v i e w i n g B o r i n g ' s 
f i g u r e . Sakano ( 1 9 6 3 ) . 

1 = Naive p r e s e n t a t i o n 

2 = F i n d both a s p e c t s 

3 = C o n c e n t r a t e on the young woman 

4 = C o n c e n t r a t e on the o l d woman 
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would be of a mammal. Using a s i m i l a r response 

procedure to the p r e v i o u s experiment, the e f f e c t 

of p r e s e n t i n g the s t a r t i n g segment alone was 

found not to be s i g n i f i c a n t , both segments 

producing r a t - l i k e r e s p o n s e s . 

C h a s t a i n and Burnham i n t e r p r e t t h e s e f i n d i n g s 

as demonstrating t h a t the i n i t i a l segment s e r v e s 

to c r e a t e a h y p o t h e s i s which i s then a p p l i e d to 

the subsequent segments of the p i c t u r e . Subsequent 

segments are n e c e s s a r y to e l i c i t the two a l t e r n a t i v e 

p e r c e p t i o n s as demonstrated by the f a i l u r e of the 

second experiment to e l i c i t both r a t and man 

respo n s e s . T h i s i n t e r p r e t a t i o n being i n a c c o r d w i t h 

the view of Hochberg (1968) and N e i s s e r (1976 ) . 

Some c r i t i c i s m s must be made, however, of 

a s p e c t s of the experiment. D e s p i t e p r e s e n t i n g the 

segments both i n c l o c k w i s e and a n t i c l o c k w i s e f a s h i o n 

( f i n d i n g no e f f e c t of t h i s ) the s t i m u l i were not 

p r e s e n t e d i n a m i r r o r image f a s h i o n , or i n p a r t l y 

r o t a t e d f a s h i o n . I t may be t h a t an i n i t i a l s p a t i a l l y 

d i s t i n c t s t a r t i n g segment was i n f l u e n t i a l i n 

a f f e c t i n g the subsequent response, i . e . the man 

s t a r t i n g segment was always s l i g h t l y above and to 

the l e f t of f i x a t i o n p o s i t i o n whereas the r a t 

s t a r t i n g segment was below t h i s p o i n t . 

The 6 segments seem to have been a r b i t r a r i l y 

chosen, not b e i n g equated f o r s i z e or i n f o r m a t i o n a l 

c o n t e n t . The c h o i c e of the two b i a s e d s t a r t i n g 
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segments was on the b a s i s t h a t the r a t ' s ' t a i l ' was 

"the most d i s t i n c t i v e f e a t u r e of the r a t , " the man 

s t a r t i n g segment was chosen because the nose and 

a r e a s l i g h t l y above i t has been shown to have most 

v a l u e f o r f a c i a l r e c o g n i t i o n (Howells, 1938). 

The p o s s i b i l i t y e x i s t s t h a t the Ss who had no 

p r i o r e x p e r i e n c e w i t h the f i g u r e may have s i m p l y 

given a f a c e o r non-face type of response to the 

response s c a l e s u b s e q u e n t l y p r e s e n t e d ( S s were 

not q u e s t i o n e d about their p e r c e p t i o n s ) . That t h i s 

may be the c a s e i s f u r t h e r e v i d e n c e d by the r e s p o n s e s 

of Ss shown o n l y the s i n g l e segment which when t o l d 

they would be shown a mammal responded mainly r a t 

r a t h e r than man, p o s s i b l y demonstrating an i n f l u e n c e 

of a p r i o r v e r b a l s e t . 

The b i a s e d drawings were chosen i n a 

p r e l i m i n a r y experiment where Ss responded e i t h e r 

' r a t ' or 'man' to s e v e r a l v e r s i o n s of the f i g u r e . 

There i s no e v i d e n c e t h a t the s t i m u l i to which they 

responded n e c e s s a r i l y i m p l i e d t h a t the two b i a s e d 

segments were a l l - i m p o r t a n t f o r the p e r c e p t i o n of 

each a s p e c t . C a s u a l o b s e r v a t i o n of the two b i a s e d 

drawings demonstrate s e v e r a l a d d i t i o n a l d i f f e r e n c e s 

o u t s i d e t h e s e two segment a r e a s , which may h e l p 

p e r c e p t i o n of one a s p e c t over the o t h e r ( F i g u r e 2 . 1 ) . 

The e x a c t n a t u r e of t h e s e d i f f e r e n c e s and t h e i r 

e f f e c t s would have to be known b e f o r e a s s i g n i n g one 

segment as b e i n g p a r t i c u l a r l y b i a s e d to an a s p e c t . 
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P a r t i a l p r e s e n t a t i o n methods f i t i n w e l l w i t h 

the theory of Hochberg. He has argued (1968) t h a t 

t h e s e methods are s i m i l a r to the i n p u t of the 

s e p a r a t e g l a n c e s , w i t h which we would normally view 

the f u l l s t i m u l u s , which themselves take p l a c e 

w i t h i n a s c h e m a t i c map. D e s p i t e the c r i t i c i s m s , 

C h a s t a i n and Burnham's (1975) work i s important 

i n showing how such maps are p o s s i b l y i n s t i g a t e d . 

2.3.5. Eye Movement Recording 

D i r e c t measurement of eye movements w h i l s t Ss 

viewed ambiguous and r e v e r s i b l e p e r s p e c t i v e f i g u r e s 

has been undertaken i n o r d e r to t r y and e s t a b l i s h 

any c a u s a l r e l a t i o n s h i p between such movements and 

the f l u c t u a t i o n s of the s t i m u l i . These s t u d i e s 

are d e a l t w i t h i n d e t a i l as they are p e r t i n e n t to 

the experiments r e p o r t e d i n subsequent c h a p t e r s . 

F l u g e l (1913ai) used s e v e r a l r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s to t e s t the c o n t r i b u t i o n of eye 

movements to t h e i r appearance. I n one study Ss 

f i x a t e d midway between two r e v e r s i b l e p e r s p e c t i v e 

s t i m u l i ( r e p o r t e d i n s e c t i o n 2.3,2) f i n d i n g t h a t 

both f i g u r e s tended to r e v e r s e t o g e t h e r and c o u l d 

r e v e r s e i n o p p o s i t e phase to one another. T h i s l e d 

him to d i s c r e d i t eye movements as a p o s s i b l e 

e x p l a n a t i o n a r g u i n g t h a t a c c o r d i n g to such an 

approach the p a r t of the s t i m u l u s f i x a t e d appeared 

n e a r e r than the o t h e r p a r t s seen i n p e r i p h e r a l 

v i s i o n and so determined the r e p o r t e d o r i e n t a t i o n 
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of the s t i m u l u s . Thus f o r such s i m u l t a n e o u s 

o p p o s i t e r e v e r s a l s two s i m u l t a n e o u s eye movements 

i n d i f f e r e n t d i r e c t i o n s would be r e q u i r e d . 

I n another experiment on the Necker cube t h r e e 

Ss adopted t e n d i f f e r e n t a t t i t u d e s to p e r c e i v i n g 

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

r e p o r t s of the S s : 

"were s t r o n g l y of the o p i n i o n t h a t 
v a r i a t i o n s i n the nature of eye 
movement and of f i x a t i o n were 
u t t e r l y inadequate to account f o r 
the o f t e n markedly d i f f e r e n t r e s u l t s 

o b t a i n e d w i t h the d i f f e r e n t a t t i t u d e s . " ( p p 384-385) 

In what he c o n s i d e r e d a ' s e v e r e ' t e s t of an 

eye movement e x p l a n a t i o n he r e p l a c e d the f i x a t i o n 

p o i n t w i t h a b l a c k square, the c e n t r e of which the 

Ss f i x a t e d . Using b r i g h t i l l u m i n a t i o n to generate 

an a f t e r i m a g e of t h i s square, the Ss then r e p o r t e d 

any movement i n t h i s a f t e r i m a g e as they viewed the 

s t i m u l u s . From t h e s e r e p o r t s i t appeared t h a t Ss 

c o u l d a t t e n d to p a r t s of the s t i m u l u s without a 

co r r e s p o n d i n g movement of the a f t e r i m a g e . Again 

t h i s was taken not to s u b s t a n t i a t e a p o s s i b l e 

e x p l a n a t i o n i n terms of eye movements. However, as 

F l u g e l p o i n t s out the Ss were ve r y p r a c t i c e d b e f o r e 

t h i s experiment> which c o u l d a f f e c t t h e i r performance. 

F l u g e l a l s o t e s t e d the e f f e c t s of f i x a t i o n i n 

d i f f e r e n t a r e a s of the Necker cube w h i l s t a t t e n t i o n 

was s i m u l t a n e o u s l y d i r e c t e d to another p a r t . T h i s 

tended to produce i n h i b i t i o n of the a s p e c t a t t e n d e d 

to. T h i s type of approach was extended to the Mach 
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cube, Beaunis p i l e of cubes and a p r i s m f i g u r e 

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

depended upon which p a r t of the f i g u r e was being 

attended to. For F l u g e l a t t e n t i o n was e q u i v a l e n t 

to a ' c l e a r n e s s of c o n s c i o u s n e s s ' , w i t h the 

d i r e c t i o n of a t t e n t i o n being somewhat independent 

of eye movements and f i x a t i o n . 

F l u g e l ' s t e c h n i q u e of a s s e s s i n g eye movement 

o c c u r r e n c e i s q u e s t i o n a b l e not only f o r i t s heavy 

r e l i a n c e on i n t r o s p e c t i v e r e p o r t s of such movements 

of an a f t e r i m a g e w h i l s t s i m u l t a n e o u s l y 'watching' 

f o r r e v e r s a l , but a l s o as Glen (1940) p o i n t s out 

an i n d i v i d u a l ' s s e n s i t i v i t y to such movement may 

w e l l v a r y . D i r e c t r e c o r d i n g of eye movements was 

not undertaken. 

Zimmer (1913) examined the c o i n c i d e n c e of eye 

movements and r e v e r s a l s and found t h a t the movements 

o c c u r r e d about a second a f t e r the r e v e r s a l . Glen 

(1940) has commented upon the r e c o r d i n g technique 

used ( o r i g i n a l l y the Shac k w i t z method which used a 

pneumatic rubber d e v i c e f i t t e d to the e y e l i d and 

l i n k e d to a r e c o r d i n g d e v i c e ) emphasising the 

p o i n t t h a t i t had els e w h e r e been found u s e f u l only 

f o r h o r i z o n t a l eye movement r e c o r d i n g as w e l l as 

having d i f f i c u l t y i n d i s t i n g u i s h i n g between e y e l i d 

movements and a c t u a l eye movements. W a l l i n (1905) 

p r e s e n t e d e v i d e n c e which he f i r s t took to r e p r e s e n t 

t h a t r e v e r s a l s were not i n i t i a t e d by eye movements 
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( l a r g e l y based on t a c h i s t o s c o p i c work), but l a t e r 

(1910) concluded t h a t the e x a c t r o l e of e y e 

movements was unknown as re g a r d s r e v e r s a l s . 

Glen (1940) used an e l e g a n t method f o r 

r e c o r d i n g both eye and head movements, t o g e t h e r 

w i t h the Ss r e s p o n s e s , a l l on the same f i l m . He 

gave p r a c t i c e d Ss f i v e c o n s e c u t i v e t a s k s , each of 

1.5 rains, d u r a t i o n , employing a Necker cube, the 

f a c e of which subtended 10° v i s u a l angle. These 

t a s k s i n v o l v e d : p a s s i v e v i e w i n g , ' d r i v i n g ' the 

r e v e r s a l s as r a p i d l y as p o s s i b l e , i n h i b i t i n g the 

r e v e r s a l s , f i x a t i n g p a r t i c u l a r e x p e r i m e n t e r -

determined a r e a s of the f i g u r e , and r e g u l a r l y 

changing f i x a t i o n between determined p a r t s of the 

s t i m u l u s . Ss responded by p r e s s i n g a key and 

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

h o l d i n g i t down f o r a ' p a r t i a l ' r e v e r s a l . Glen 

s t u d i e d the c o r r e l a t i o n between the frequency of 

eye movements per minute and r e v e r s a l s to determine 

any dependence. He found only low c o r r e l a t i o n s 

and wide i n d i v i d u a l d i f f e r e n c e s . The eye movements 

seemed to be b i m o d a l l y d i s t r i b u t e d e i t h e r s i d e of 

the response. Glen c o n s i d e r e d t h a t those eye 

movements o c c u r r i n g a f t e r the response may be 

r e l a t e d t o the response i t s e l f r a t h e r than to the 

s t i m u l u s r e v e r s a l . I n c o n d i t i o n s where the Ss 

attempted to f a c i l i t a t e cube r e v e r s a l s Ss d i d make 

more o b l i q u e eye movements. F i x a t i n g d i f f e r e n t 
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p a r t s of the f i g u r e had l i t t l e e f f e c t on r e v e r s a l s , 

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

predetermined f i x a t i o n p o i n t s . A l t e r n a t i n g 

f i x a t i o n between two d e f i n e d p o i n t s produced fewer 

r e v e r s a l s . 

Glen concluded t h a t the "evidence as a whole 

i s c o n f l i c t i n g " and suggested t h a t a c o m p l e x i t y o f 

f a c t o r s a f f e c t s the r e l a t i o n s h i p between r e v e r s a l s 

and eye movements. The d i r e c t i o n o f any causal 

r e l a t i o n s h i p being not c l e a r l y e s t a b l i s h e d by h i s 

data. E l l i s and S t a r k ( 1978) have r e c e n t l y 

p o i n t e d out t h a t Glen n e i t h e r p r o v i d e s 

s p a t i a l n o r temporal i n f o r m a t i o n about the recorded 

eye movements. 

Sisson (1935) u s i n g the Schroder s t a i r c a s e 

f i g u r e found 33% o f the eye movements were f o l l o w e d 

by r e v e r s a l s and 46% o f the r e v e r s a l s were f o l l o w e d 

by an eye movement. However, o n l y 5.7% of a l l the 

332 eye movements recorded were f o l l o w e d by a 

r e v e r s a l w i t h i n a time i n t e r v a l t h a t might i n d i c a t e 

a causal r e l a t i o n s h i p . Sisson, l i k e Zimmer, concludes 

t h a t r e v e r s a l s are more l i k e l y t o be r e l a t e d t o 

c e n t r a l f a c t o r s than t o eye movements. 

Using the same f i g u r e as Sisson-, P h e i f f e r , Eure 

and Hamilton (1956) concluded t h a t r e v e r s a l s preceded 

an eye movement. Three d i f f e r e n t e x p e r i m e n t a l 

c o n d i t i o n s were used, these being f r e e v i e w i n g , 

m a i n t a i n e d f i x a t i o n and monocular v i e w i n g through a 
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p i n h o l e a p e r t u r e . At l e a s t f o u r r e v e r s a l s i n each 

c o n d i t i o n were examined. From the f i r s t c o n d i t i o n 

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

found two types o f eye movements: ' t y p i c a l ' (an 

e r r a t i c wandering) and ' a t y p i c a l ' which was l e s s 

f r e q u e n t and took the form o f a h o r i z o n t a l 

a l t e r n a t i o n . 7.5% o f a l l eye movements were 

a s s o c i a t e d w i t h r e v e r s a l and 87% o f these movements 

were ' a t y p i c a l ' . Again i n the p i n h o l e a p e r t u r e 

c o n d i t i o n a t y p i c a l movements were a l s o a s s o c i a t e d 

w i t h r e v e r s a l s . I n the f i x a t i o n c o n d i t i o n where 

Ss were i n s t r u c t e d t o " l o o k a t the dot i n the 

middle o f the c a r d " eye movements were s t i l l 

observed and 77.4% o f these were a t y p i c a l and 

a s s o c i a t e d w i t h r e v e r s a l s . However, i n t h i s 

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

w i t h o u t such a t y p i c a l movements and so P h e i f f e r e t 

a l . proposed t h a t eye movements were not the 

cause o f the r e v e r s a l s , 

P h e i f f e r e t a l . used a p e c u l i a r response 

r e c o r d i n g t e c h n i q u e i n t h i s work. When the S 'saw' 

a r e v e r s a l he tapped on h i s c h a i r , whereupon the 

experimenter would cover one o f the r e f l e x tubes 

of the ophthalmograph thus p r o d u c i n g an i n d i c a t i o n 

on the r e c o r d i n g f i l m t h a t a r e v e r s a l had o c c u r r e d . 

They argue t h a t the time from o b s e r v i n g a r e v e r s a l 

t o i t b e ing i n d i c a t e d on the f i l m must have been 

g r e a t e r than 0.25s ( t h i s b e i n g the average time 

between an eye movement and the i n d i c a t i o n o f a 
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response from the analysed f i l m ) and, t h e r e f o r e , 

conclude t h a t the eye movements a s s o c i a t e d w i t h 

r e v e r s a l s f o l l o w and do not cause such r e v e r s a l s . 

P h e i f f e r e t a l . do not g i v e the s i z e o f the 

s t i m u l u s they used nor the r e c o r d i n g r e s o l u t i o n o f 

t h e i r device. The a t y p i c a l movements they r e f e r 

t o were a l t e r n a t i n g ( l e f t / r i g h t ) i n c h a r a c t e r . 

The main c r i t i c i s m o f P h e i f f e r e t a l . ' s work 

must be t h a t they do not d e f i n e what e x a c t l y i s 

meant by " a s s o c i a t e d w i t h r e v e r s a l . " They 

conclude t h a t when a r e v e r s a l occurs an apparent 

s h i f t i n s p a t i a l p o s i t i o n i s n o t i c e d which: 

" i n s t i g a t e s o c u l a r p u r s u i t movement 
... o f . . . d e creasing ampli tude as the 
0 ( o b s e r v e r ) becomes a d j u s t e d t o the 
new way i n which the f i g u r e i s 
p e r c e i v e d . " ( p . 454). 

This would seem t o be c o r r e c t i v e eye movements o f 

some n a t u r e . P h e i f f e r e t a l . r e p o r t , but g i v e no 

d e t a i l s o f , the same f i n d i n g o f eye movements 

f o l l o w i n g r e v e r s a l s w i t h o t h e r r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s i n c l u d i n g the Necker cube. 

Sakano (1963) s t u d i e d both the Rubin's 'vase-

face' and Borin g ' s ambiguous f i g u r e s , r e c o r d i n g 

eye movements by a c o r n e a l r e f l e c t i o n method. Ss 

were shown the f i g u r e s i n f o u r d i f f e r e n t c o n d i t i o n s 

e i t h e r no i n s t r u c t i o n s a t a l l were g i v e n ( t h e 

ambiguity o f the s t i m u l u s not be i n g p o i n t e d o u t ) , 

the a m b i g u i t y was p o i n t e d o u t , o r they were t o l d t o 

co n c e n t r a t e upon one or o t h e r aspect. For each 
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c o n d i t i o n , eye movements were recorded f o r 7s w i t h 

the s t i m u l u s s u b t e n d i n g an angle o f some 15° 

h o r i z o n t a l l y . Sakano noted t h a t each c o n d i t i o n 

produced d i f f e r e n t p a t t e r n s o f scanning. I n the 

l a t t e r two c o n d i t i o n s i n which u n i v o c a l p e r c e p t i o n 

was r e q u i r e d t h e eye movement p a t t e r n s were 

co n c e n t r a t e d upon c e r t a i n areas o f the f i g u r e and 

were more s y s t e m a t i c than i n the f i r s t two c o n d i t i o n s . 

The d i f f e r e n t i n s t r u c t i o n s t o c o n c e n t r a t e on 

p a r t i c u l a r p a r t s not o n l y caused f i x a t i o n t o 

d i f f e r e n t p o s i t i o n s , but a l s o caused eye movements 

"of d i f f e r e n t d i r e c t i o n s , " Although t h i s i s not 

too d i s c e r n i b l e from the data. No m a t t e r what t h e 

v e r b a l i n s t r u c t i o n s were, each S tended t o f i x a t e 

the s t i m u l u s i n the same manner 5 t h e r e being wide 

i n d i v i d u a l d i f f e r e n c e s i n " p e c u l i a r i t i e s o f eye 

movements" between the Ss. U n f o r t u n a t e l y , h i s 

method o f p r e s e n t i n g data (see Figure 2.2) conceals 

both any i n d i v i d u a l d i f f e r e n c e s and a l s o the e f f e c t s 

o f t h e i n s t r u c t i o n s upon the d i r e c t i o n of eye 

movements as he p l o t s the data o f a l l h i s Ss 

superimposed. 

Thus, i n t h i s case r e s t r i c t e d eye movements d i d 

f o l l o w the v e r b a l i n s t r u c t i o n s t o a t t e n d t o a 

p a r t i c u l a r aspect - i m p l i c a t i n g t h a t such eye 

movements a t l e a s t h e l p i n m a i n t a i n i n g t h a t aspect 

of the ambiguous f i g u r e - but t h i s data has l i t t l e 

r e l e vance t o whether eye movements and r e v e r s a l s are 
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c a u s a l l y r e l a t e d . 

Mach's book f i g u r e and the Necker cube were 

used i n a study by Holcomb, Holcomb and De La 

Pena (1977). Large l i n e drawings s u b t e n d i n g 20° x 

20° at the S's eye were used w i t h eye movements 

recorded by a c o r n e a l r e f l e c t i o n device w i t h an 

e s t i m a t e d accuracy o f + 2°. This f i g u r e was 

o b t a i n e d f o r each S and was presumably recorded 

b e f o r e the experiment or b e f o r e each t r i a l as 

" t r i a l s were excluded when the accuracy was l e s s 

than + 2?" The s t i m u l i were d i v i d e d i n t o a 5 x 5 

m a t r i x f o r a n a l y s i s purposes. 

Ss had f i r s t been i n s t r u c t e d t h a t the resea r c h 

i n t e r e s t was i n t h e i r p u p i l l a r y responses. Three 

d i f f e r e n t c o n d i t i o n s were used. The s t i m u l i were 

f i r s t each p r e s e n t e d f o r two 30s t r i a l s u s i n g 

passive i n s t r u c t i o n s . I n a second c o n d i t i o n a f i x a t i o n 

p o i n t was used and the Ss i n s t r u c t e d t o f i x a t e t h i s 

f o r two s i m i l a r t r i a l s . For the book f i g u r e the 

f i x a t i o n p o i n t was c e n t r a l l y l o c a t e d , whereas f o r 

the Necker cube i t was l o c a t e d " a t a t h r e e l i n e 

i n t e r s e c t i o n i n the c e n t r a l r e g i o n o f the cube." I n 

the f i n a l two t r i a l s Sswere asked t o adopt any 

s t r a t e g y they wished t o enable them t o r e v e r s e e a s i l y . 

I n a d d i t i o n , a q u e s t i o n n a i r e was a d m i n i s t e r e d t o 

a s c e r t a i n the r o l e o f m o t i v a t i o n a l s t y l e on scanning 

behaviour. 

On the b a s i s o f the exte n s i v e n e s s o f v i s u a l 
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scanning o r on the r a t e o f f i x a t i o n s the Ss were 

d i v i d e d i n t o h i g h and low scanners, these b e i n g the 

upper and lower 20% as determined by these measures. 

Both groups demonstrated a s i m i l a r number o f 

r e v e r s a l s . High scanners when f i x a t i n g on the book 

f i g u r e showed fewer r e v e r s a l s than low scanners. 

The hi g h scanners had lower r e v e r s a l s f o r the Necker 

cube than the low scanners a l t h o u g h t h i s d i f f e r e n c e 

d i d not reach s i g n i f i c a n c e . High scanners were 

c h a r a c t e r i s e d by a l t e r n a t e l y f i x a t i n g two r e g i o n s , 

r e p o r t i n g r e v e r s a l s at each l o c a t i o n . I n c o n t r a s t 

the low scanning group r e v e r s e d w h i l s t f i x a t i n g 

the same s t i m u l u s area. I n the t h i r d c o n d i t i o n 

the h i g h scanners i n c r e a s e d r e v e r s a l s by i n c r e a s e d 

scanning, whereas the low scanners d i d not show 

such an i n c r e a s e . High and low scanners a l s o had 

d i f f e r e n t m o t i v a t i o n a l s t y l e s as measured by the 

q u e s t i o n n a i r e . 

The au t h o r s i n t e r p r e t these f i n d i n g as s u p p o r t i v e 

of i n d i v i d u a l d i f f e r e n c e s i n eye movement p a t t e r n s 

a s s o c i a t e d w i t h the r e v e r s a l s which may r e f l e c t 

r e l i a n c e on d i f f e r e n t types o f s e l e c t i v e a t t e n t i o n 

as w e l l as b e i n g a f f e c t e d by s t i m u l u s c o m p l e x i t y 

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

I n d i v i d u a l d i f f e r e n c e s do e x i s t i n eye movement 

p a t t e r n s , but the p i t f a l l s i n v o l v e d i n t h i s study 

(some o f which are r e a d i l y a d m i t t e d by the a u t h o r s ) 

render the f i n d i n g s o n l y t e n t a t i v e . I t i s not 

e v i d e n t from the r e p o r t whether the Ss were i n s t r u c t e d 
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as t o the r e v e r s i b i l i t y of the s t i m u l i - the Necker 

cube can g i v e r i s e t o many p e r c e p t u a l i n t e r p r e t a t i o n s , 

p o s s i b l y a f f e c t i n g scanning behaviour. The a n a l y s i s 

technique ( d i v i d i n g the s t i m u l u s i n t o g r i d squares 

each subtending 4° v i s u a l angle) i s gross and may 

p o s s i b l y conceal some o f the eye movements. The 

f a i l u r e t o f i n d a s i g n i f i c a n t d i f f e r e n c e between 

hi g h and low scanners on the Necker cube may be 

r e l a t e d t o such a reason. The authors r e p o r t no 

data p e r t i n e n t t o whether eye movements occur b e f o r e , 

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

t h a t h i g h scanners "tended t o a l t e r n a t e f i x a t i o n s 

between two or more areas, w i t h o p p o s i t e 

i n t e r p r e t a t i o n s b e i n g r e p o r t e d a t separate l o c a t i o n s . " 

Flamm and Bergum (1977) s t u d i e d t h e Necker cube 

and Rubin's 'vase-face' f i g u r e s . Both were o u t l i n e 

drawings s u b t e n d i n g 18° v i s u a l angle and the eye 

movements were recorded by a N.A.C. Eyemark Camera. 

When the S n o t i c e d a r e v e r s a l he pressed a key which 

caused a l i g h t e m i t t i n g diode a t t a c h e d i n f r o n t o f 

the scene le n s o f the Eyemark t o i l l u m i n a t e , so 

i n d i c a t i n g a r e v e r s a l on the r e c o r d i n g f i l m . A f t e r 

p r a c t i c e w i t h the f i g u r e s u s i n g i n s t r u c t i o n s t o 

observe p a s s i v e l y each s t i m u l u s was viewed f o r 

1,5 mins. w i t h the S f i x a t i n g a c e n t r a l f i x a t i o n 

p o i n t . I n d i v i d u a l d i f f e r e n c e s i n irequency o f eye 

movements were noted. Eye movements a s s o c i a t e d w i t h 

r e v e r s a l s were found, but showed no d i r e c t i o n a l 
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p a t t e r n w i t h r e s p e c t t o these r e v e r s a l s . No 

s i g n i f i c a n t d i f f e r e n c e was found between eye 

movements i n an i n t e r v a l o f + I s o f r e v e r s a l and 

those i n i n t e r v a l s where no r e v e r s a l was r e p o r t e d . 

65% of the Necker cube r e v e r s a l s were preceded by 

at l e a s t one eye movement, and 55% were f o l l o w e d 

by a movement. F u r t h e r , w i t h Rubin's f i g u r e , e y e 

movements preceded r e v e r s a l s i n 60% o f the cases 

and f o l l o w e d them i n 57% o f the t i m e . These r e s u l t s 

they conclude do not support P h e i f f e r e t al.'s. 

c o n t e n t i o n t h a t eye movements f o l l o w the r e v e r s a l s 

Flamm and Bergum s t a t e t h a t "eye movements 

co u l d be r e s o l v e d down t o a p p r o x i m a t e l y 5 minutes o f 

arc from the f i l m . " T h i s i s i n c o n t r a d i c t i o n t o the 

g e n e r a l l y accepted . 5 - 1 ° r e s o l u t i o n f o r c o r n e a l 

r e f l e c t i o n devices (as discussed i n Chapter 5 ) . 

This p a r t i c u l a r t echnique has an even lower r e s o l u t i o n 

and even when h i g h l y m o d i f i e d (Gale, Johnson and 

W o r t h i n g t o n , 1978) i t i s tenuous t o suggest a n y t h i n g 

b e t t e r than 1°. I t i s p o s s i b l e t h a t i f they 

accepted such a f i n e r e s o l u t i o n then some o f the 

recorded eye movements c o u l d i n f a c t be due t o very 

s l i g h t movements of the head-mounted camera on the 

s u b j e c t s ' s head - a c o n s i d e r a b l e problem w i t h t h i s 

device. 

Kawabata, Yamagami and Noaki (1978 ) i n v e s t i g a t e d 

both the Necker cube and Schroder s t a i r c a s e f i g u r e s a l s o 

u s i n g a 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 . Two c o n d i t i o n s 
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were u s e d , e i t h e r 1 min. f r e e v i e w i n g o f the f i g u r e 

or a b r i e f 200 ms exposure u s i n g a c o n t r o l l e d 

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

I n the f i r s t c o n d i t i o n the S's f i x a t i o n p o s i t i o n s 

c o i n c i d e d w i t h t h a t aspect o f the cube seen both 

as being a p p a r e n t l y nearer and a l s o as f i g u r e . 

From the second p a r t of the experiment Kawabata, 

Yamagami and Noaki produce a contour map o f the 

f i x a t i o n p o s i t i o n s f o r when the lower face o f the 

Necker cube was r e p o r t e d as nearer ( F i g u r e 2.3 ) . 

I n c o n c l u s i o n they p o i n t out t h a t f i x a t i o n p o s i t i o n 

does a f f e c t which aspect i s r e p o r t e d . They 

then e x p l a i n t h i s i n terms o f the p r o c e s s i n g o f 

l o c a l depth s t r u c t u r e w i t h i n the f i x a t i o n r e g i o n -

an i n t e r p r e t a t i o n consonant w i t h t h a t o f Hochberg. 

E l l i s and S t a r k (1978) analysed the l o c i and 

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

of a s e r i e s o f Kopfermann-like cubes ( i . e . v a r i a t i o n s 

of the Necker cube). These s t i m u l i (each s u b t e n d i n g 

12° v i s u a l angle) were d i s p l a y e d on an o s c i l l o s c o p e 

and eye movements were recorded by a s c l e r a l 

r e f l e c t i o n t e chnique ( r e s o l u t i o n o f 1°). Ss 

i n d i c a t e d r e v e r s a l s by means of a t h r e e - p o s i t i o n 

s w i t c h ( r e s p o n d i n g as e i t h e r p e r s p e c t i v e o r ' n e i t h e r ' ) . 

C o n t r o l Ss were run t o check t h a t the eye movements 

were not s i m p l y response r e l a t e d . To a s c e r t a i n 

f i x a t i o n p o s i t i o n at the i n s t a n t o f r e v e r s a l they 

assumed a response r e a c t i o n time o f some 400ms and 
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Figure 2.3 Contour map o f the r a t e a t which the 
lower face (ABCD) was r e p o r t e d nearer. 
Kawabata, Yamegami and Noaki (1978). 
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Figure 2.4 One S's f i x a t i o n p o s i t i o n s f o r the 
r e v e r s a l o f the lower l e f t c o r ner 
( c i r c l e d ) and the upper r i g h t c o r ner 
( n o t c i r c l e d ) . E l l i s and S t a r k (1978). 
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then examined the f i x a t i o n s a t t h a t instant„ They 

found t h a t these f i x a t i o n s were l o n g e r and were 

not simply r e l a t e d t o making a response. Such 

' o r g a n i s a t i o n a l " f i x a t i o n s , as E l l i s and S t a r k 

term them, were not q u i t e superimposed upon 

s p e c i f i c f e a t u r e s of the cube o u t l i n e as might be 

supposed. Great care was taken i n the c a l i b r a t i o n 

of the . r e c o r d i n g device and so t h i s i s p r o b a b l y 

not a r e s u l t o f f a u l t y r e c o r d i n g . I t i s apparent 

from t h e i r data t h a t the same S does not n e c e s s a r i l y 

r e f i x a t e the same p o s i t i o n o f the s t i m u l u s f o r a 

r e v e r s a l t o occur - t h e r e appears t o be a range o f 

p o s s i b l e p o s i t i o n s ( F i g u r e 2,4 )„ The 

o r g a n i s a t i o n a l f i x a t i o n s were Segregated i n t o two 

c l u s t e r s along the l o n g a x i s o f the cube figu r e s , , 

The longer d u r a t i o n o f such f i x a t i o n s they take as 

r e p r e s e n t i n g longer p r o c e s s i n g at the time o f 

reversal,, They p a r t i c u l a r l y a s s o c i a t e t h e f i x a t i o n 

( o r near f i x a t i o n ) of one o f the 'Y' shaped cube 

corners as b e i n g r e a s s i g n e d a d i f f e r e n t s p a t i a l 

o r i e n t a t i o n . Such a f i n d i n g they argue i s consonant 

w i t h Noton and S t a r k ! s (1971a) scanpath h y p o t h e s i s 

( t h i s i s discussed i n Chapter 6 ) which emphasises 

a dependence between eye scanning and p e r c e p t i o n . 

This p a r t i c u l a r t h e o r e t i c a l p o s i t i o n can be co n s i d e r e d 

as an extreme form o f Hochberg's p o s i t i o n and i t 

would be more c o n s e r v a t i v e t o argue t h a t these r e s u l t s 

support Hochberg's t h e o r y . 
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Summary. What then do such s t u d i e s c o n t r i b u t e 

t o the debate concerning the n a t u r e o f the eye 

movement and f l u c t u a t i o n r e l a t i o n s h i p ? I t i s 

apparent t h a t t h e r e e x i s t s some correspondence 

between r e v e r s a l s and some type o f eye movements' 

measure, be i t f i x a t i o n t i m e s , s p a t i a l l o c a t i o n o r 

d i r e c t i o n o f movement„ An exact causal r e l a t i o n s h i p , 

however, cannot be s a i d t o have been demonstrated„ 

Attempts t o determine the s p a t i a l l o c a t i o n o f a 

f i x a t i o n when r e v e r s a l occurs appears t o demonstrate 

t h a t a range o f such p o s i t i o n s occurs* I n d i v i d u a l 

d i f f e r e n c e s i n scanning such s t i m u l i have been 

r e p o r t e d and some Ss do use i n c r e a s e d scanning r a t e 

t o produce a h i g h e r r e v e r s a l r a t e (Ammons, U l r i c h 

and Ammons, 1959)„ 

A l l o f t he eye movement r e c o r d i n g techniques 

so f a r used have r e q u i r e d a c t i v e c o - o p e r a t i o n o f 

the S whether i t i n v o l v e d t h e wearing o f a head-

mounted device (Eyeraark, S c l e r a l r e f l e c t i o n ) o r as 

f o r Glen a complex bench-mounted d e v i c e . S i m i l a r l y 

the s t a n d camera used by Holcomb, Holcomb and De La 

Pena i s a l s o g r o s s l y obvious t o the Ss u I n o r d e r 

t o ensure accuracy i n t h e i r r e c o r d i n g s the m a j o r i t y 

o f r e s e archers ran c a l i b r a t i o n t r i a l s b o t h p r i o r t o 

and a f t e r the e x p e r i m e n t a l t r i a l s . 

I t i s suggested t h a t two main c r i t e r i a ought 

t o be employed i n o r d e r t o adequately t e s t a t h e o r y 

i m p l i c a t i n g eye movements. F i r s t l y , the s t i m u l u s 
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should be o f such a s i z e as t o ensure scanning can 

occur t o g e t h e r w i t h concomitant r e g i s t r a t i o n o f eye 

movements by the r e c o r d i n g device w i t h s u f f i c i e n t 

r e s o l u t i o n t o determine S's f i x a t i o n l o c a t i o n q u i t e 

a c c u r a t e l y ( a t l e a s t 1°)„ The s i z e o f s t i m u l u s has 

t o be chosen as a p a y - o f f between be i n g s m a l l and 

being l a r g e enough t o f a c i l i t a t e such r e s o l u t i o n 

of f i x a t i o n l o c a t i o n ) i„e. i f t h e s t i m u l u s i s too 

small then eye movements may occur which cannot be 

r e s o l v e d by the r e c o r d i n g d e v i c e , i f i t i s too 

l a r g e then the e x e r c i s e i s s e l f - d e f e a t i n g t o some 

e x t e n t as the S w i l l have t o scan i t i n o r d e r t o 

pe r c e i v e i t and t h i s may not r e l a t e i n any meanin g f u l 

way t o the p e r c e p t i o n of a s m a l l e r v e r s i o n o f the 

same s t i m u l u s . 

Secondly, and more i m p o r t a n t l y , the S should 

be unaware of the r e c o r d i n g o f h i s eye movements. 

This p r e c l u d e s both a p r e - e x p e r i m e n t a l c a l i b r a t i o n 

t r i a l and most, i f not a l l , o f the p r e v i o u s r e c o r d i n g 

methods as so f a r used. I t i s s t r o n g l y suggested 

t h a t by having t h e S aware o f the r e c o r d i n g device 

( e i t h e r by mounting i t on h i s head o r by c a r e f u l l y 

a l i g n i n g him up i n some r a t h e r obvious way w i t h r e c o r d i n g 

apparatus f i x e d t o the bench), f o l l o w e d by a c a l i b r a t i o n 

t r i a l where S i s made t o f i x a t e w i d e l y d i s p a r a t e areas 

o f the v i s u a l f i e l d then t h i s must s e n s i t i s e him t o 

the f a c t t h a t the experimenter i s i n t e r e s t e d i n h i s 

eye movements (e„gv E l l i s and S t a r k mention the 
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n e c e s s i t y on occasions t o have ' time o u t s ' t o 

a d j u s t the r e c o r d i n g d e v i c e ) even i f some 

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 such experimenter 

behaviour i s g i v e n ( f e w records o f t h i s have been 

found). I t i s then p o s s i b l e t h a t the S makes more 

o c u l a r movements than necessary. Of course, t h i s 

may not be the case, but when i t i s t h e o r e t i c a l l y 

i m p o r t a n t t o determine an eye m o v e m e n t - f l u c t u a t i o n 

r e l a t i o n s h i p i t seems r e l a t i v e l y u n j u s t i f i e d t o 

f i r s t make the S very aware of the experimenter's 

i n t e r e s t i n h i s eye movements. 

2.3.6. S t a b i l i s e d Image S t u d i e s 

Another approach t o the study o f a r e l a t i o n s h i p 

between eye movements and f l u c t u a t i o n s i s w i t h the 

use o f s t a b i l i s e d images. Several authors (e.g. 

Gregory,1970; Hochberg,1970a)point out t h a t when a 

Necker cube i s 'viewed' as an a f t e r i m a g e the S s t i l l 

p e r c e i v e s f l u c t u a t i o n s . Some workers (e.g. Gregory) 

conclude from t h i s d emonstration t h a t eye movements 

are not r e l a t e d t o r e v e r s a l s , as any eye movement 

t a k i n g p l a c e does not change the 'vantage p o i n t ' 

from which the image i s p e r c e i v e d . As a l r e a d y 

d e t a i l e d i n Chapter 1, Hochberg has suggested t h a t 

eye movements s t i l l occur i n such s i t u a t i o n s 

emphasising t h a t the 'tendency' t o make such a 

movement w i t h a p a r t i c u l a r e x p e c t a t i o n i s i m p o r t a n t 

and n o t , i n t h i s case, whether t h e r e i s a r e s u l t a n t 

change i n r e t i n a l s t i m u l a t i o n . 
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P r i t c h a r d (1958) p r e s e n t e d monocular s t a b i l i s e d 

images o f s e v e r a l t a r g e t s i n c l u d i n g Mach's book and 

Beaunis cubes u s i n g a c o n t a c t l e n s system w i t h a 

5° t a r g e t s i z e . He r e p o r t s t h a t when compared t o 

the normal r a t e o f r e v e r s a l f o r such f i g u r e s ; 

"ambiguous f i g u r e s show the r e v e r s a l s a t about t h e 

usual r a t e p r o v i d e d t h a t the S i s able t o d i r e c t h i s 

a t t e n t i o n t o a s a l i e n t p o i n t o f the p a t t e r n . " Such 

t r a n s f e r e n c e o f a t t e n t i o n seemed l i m i t e d t o 1-2° w i t h 

the s t i m u l i used i n t h i s study. Using Mach's f i g u r e 

t o e l u c i d a t e t h i s p o i n t he notes t h a t i f t h i s book 

f i g u r e i s pre s e n t e d such t h a t the top o f the book i s 

w i t h i n the f i e l d o f a t t e n t i o n and S i s i n s t r u c t e d t o 

a t t e n d t o i t then an i n c r e a s e i n r e v e r s a l s i s found. 

I f S i s i n s t r u c t e d t o a t t e n d elsewhere i n the f i g u r e 

then a decrease i n r e v e r s a l s i s o b t a i n e d . However, 

i f the s t i m u l u s i s pre s e n t e d such t h a t the c e n t r e o f 

the book f i g u r e i s w i t h i n h i s f i e l d o f a t t e n t i o n and 

the top and bottom o f the f i g u r e are o u t s i d e i t then 

r e v e r s a l s t end t o be prev e n t e d . P r i t c h a r d p o i n t s 

out t h a t the p e r c e p t i o n o f such f i g u r e s i s a f f e c t e d 

by eye movements a l t h o u g h the movement o f the image 

upon the r e t i n a i s not e s s e n t i a l t o o b s e r v a t i o n o f 

the r e v e r s a l . 

P r i t c h a r d , Heron and Hebb (1960) produced 

s t a b i l i s e d images by means o f a c o n t a c t l e n s f i t t e d 

w i t h o p t i c a l attachments which i n c l u d e d the s t i m u l u s 

(size 2° v i s u a l a n g l e ) . Using Ss q u i t e conversant 
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w i t h f i i s t echnique they p r e s e n t e d a v a r i e t y o f 

s t i m u l i . An o u t l i n e drawing o f a hexagon was 

pe r c e i v e d as a t h r e e dimensional cube f i g u r e which 

was seen t o rev e r s e i n a s i m i l a r f a s h i o n t o the 

Necker cube. Another one o f t h e i r s t i m u l i was the 

Necker cube i t s e l f b ut they do not r e f e r t o i t s 

r e v e r s i n g i n t h i s s t a b i l i s e d c o n d i t i o n . However, 

mention o f t h i s i s made i n a f i g u r e legend i n 

another paper d e s c r i b i n g t h i s work ( P r i t c h a r d , 1 9 6 1 ) . 

I n t h i s same paper P r i t c h a r d p o i n t s out t h a t 

a c o n t a c t lens may not produce ac c u r a t e s t a b i l i s a t i o n 

as i t can s l i p and so produce some s t i m u l u s movement. 

This same p o i n t i s made s e p a r a t e l y by Barlow ( 1 9 6 3 ) . 

Another approach t o p r o d u c i n g s t a b i l i s e d images 

overcoming such d i f f i c u l t i e s i s by the use o f 

af t e r i m a g e s . 

T h i s technique was used i n a study o f the e f f e c t s 

o f r e t i n a l s t a b i l i s a t i o n upon v i s u a l i l l u s i o n s by 

Evans and Marsden (1966) who c r e a t e d a f t e r i m a g e s by 
2 

exposing 5 cm s l i d e s i n f r o n t o f a d i f f u s e 

e l e c t r o n i c f l a s h w i t h S's monocularly v i e w i n g from 38 

cms away ( s t i m u l i thus s u b t e n d i n g 7.6° v i s u a l a n g l e ) . 

Before d i s c h a r g i n g o f the f l a s h " i n s t r u c t i o n s were 

then g i v e n t o f i x a t e a s p e c i f i e d p o i n t on the t a r g e t 

area." A f t e r d i s c h a r g e o f the f l a s h Ss c l o s e d t h e i r 

eyes and viewed t h e a f t e r i m a g e i n t h i s way a g a i n s t a 

d i f f u s e f l i c k e r i n g l i g h t - used t o m a i n t a i n t h e 

a f t e r i m a g e . Two o f the s t i m u l i used i n t h i s study 
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were the Necker cube ( a l l 17 Ss were a b l e to r e v e r s e 

i t s appearance i n the a f t e r i m a g e ) and the i m p o s s i b l e 

' D e v i l ' s t u n i n g f o r k ' f i g u r e ( a l l 15 Ss v i e w i n g t h i s 

as an a f t e r i m a g e r e p o r t i n g t h a t i t s t i l l appeared 

i m p o s s i b l e i n t h i s c o n d i t i o n ) . 

Evans and Marsden argue t h a t such r e s u l t s 

demonstrate eye movements are not i n v o l v e d i n the 

p e r c e p t i o n of such f i g u r e s as t h e i r appearance was 

not a f f e c t e d by such s t a b i l i s e d v i e w i n g . I t i s 

un f o r t u n a t e t h a t they do not s p e c i f y what p a r t s of 

the f i g u r e s the Ss were i n s t r u c t e d t o f i x a t e , n e i t h e r 

do they g i v e the a c t u a l s i z e of the s t i m u l u s f i g u r e s 

used. The maximum v i s u a l angle of the s l i d e was 

7.6° but t h i s communicates no i n f o r m a t i o n about the 

f i g u r e s i z e except t h a t i t was l e s s than t h i s . 

Magnussen (1970) used both an a f t e r i m a g e 

technique and normal v i e w i n g to study the r e v e r s a l s 

of the Wheatstone cube ( s t i m u l u s s i z e 2° v i s u a l a n g l e ) . 

T h i s i s e s s e n t i a l l y the Necker cube. S t a b i l i s i n g the 

image d i d not prevent r e v e r s a l s , s i m i l a r v a l u e s f o r a 

group of Ss be i n g o b t a i n e d i n both c o n d i t i o n s . 

Magnussen thus c o n c l u d e s t h a t eye movements a r e not 

r e l e v a n t to the p e r s p e c t i v e r e v e r s a l s . 

To produce an a f t e r i m a g e , the s t i m u l u s f i g u r e 

was f i x a t e d f o r 6 s a g a i n s t a high luminance background 

and then the s t i m u l u s a f t e r i m a g e was 'viewed' a g a i n s t 

a m o d e r a t e l y - l i t f l i c k e r i n g s c r e e n , which helped to 

prevent r a p i d e x t i n c t i o n of the a f t e r i m a g e . 
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I t i s d i f f i c u l t to b e l i e v e t h a t a c c u r a t e 

f i x a t i o n c o u l d be m a i n t a i n e d f o r such a l e n g t h of 

time which must have a f f e c t e d the q u a l i t y of the 

r e s u l t a n t a f t e r i m a g e . A s i m p l e r technique f o r 

producing a f t e r i m a g e s i s to s i m p l y expose the high 

c o n t r a s t s t i m u l u s u s i n g a photographic f l a s h g u n . 

Magnussen p o i n t s out t h a t b e s i d e s p e r s p e c t i v e 

r e v e r s a l s o t h e r p e r c e p t u a l e x p e r i e n c e s were 

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

f l u c t u a t i o n s of the p o s i t i v e and n e g a t i v e phase of 

the a f t e r i m a g e . 

I t seems r e a s o n a b l e to conclude t h a t f l u c t u a t i o n s 

can occur i n such s t a b i l i s e d image c o n d i t i o n s . T h i s 

has been taken to imply t h a t a change of r e t i n a l 

i n f o r m a t i o n , through eye movements, i s not n e c e s s a r y 

f o r a f l u c t u a t i o n to occur. I n the s t u d i e s 

c o n s i d e r e d above, eye movements were not recorded. 

The s i z e of s t i m u l u s used i n such s t u d i e s (2 - 5°) 

i s i n sharp c o n t r a s t to the s i z e used where eye 

movements are r e c o r d e d , as d i s c u s s e d i n the p r e v i o u s 

s e c t i o n . I t i s p o s s i b l e t h a t the a b i l i t y to r e v e r s e 

such s t a b i l i s e d images i s r e l a t e d to t h e i r s m a l l 

s i z e . Ss may be a b l e to s w i t c h a t t e n t i o n over a 

s m a l l s t i m u l u s ( c . f . P r i c h a r d 19SB)Whether eye movements 

are r e l a t e d to r e v e r s a l s i n such s m a l l s t i m u l i when 

viewed normally has not been s t u d i e d . E i t h e r t h i s 

ought to be done or e l s e l a r g e r s t i m u l i s h o u l d be 

employed i n such a f t e r i m a g e s i t u a t i o n s so t h a t the 
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two approaches can be compared m e a n i n g f u l l y . 

Eye movements have i n f a c t been r e c o r d e d d u r i n g 

such s t a b i l i s e d v i ewing. Zinchenko and V e r g i l e s 

(1972) r e p o r t s e v e r a l s t a b i l i s e d image s t u d i e s i n 

which t a r g e t s were a t t a c h e d to c o r n e a l caps i n a 

somewhat s i m i l a r apparatus to t h a t of P r i t c h a r d , 

Heron and Hebb ( 1 9 6 0 ) . S t i m u l i were l a r g e and 

i n c l u d e d a Necker cube p i c t u r e ( s i z e 15° x 15° v i s u a l 

a n g l e ) , S c h r o d e r ' s s t a i r c a s e (25° x 25°), and a 

t h r e e - d i m e n s i o n a l Necker cube (25° x 25°), I t i s 

p o s s i b l e t h a t the Necker cube s t i m u l i r e f e r r e d to 

were a c t u a l l y Mach's ' t r u n c a t e d pyramid' as t h i s i s 

the s t i m u l u s i l l u s t r a t e d i n the a r t i c l e and i s i n 

acc o r d both w i t h the t h r e e - s t a t e S's response of 

" i n s i d e - f l a t - o u t s i d e " as w e l l as a g r e e i n g w i t h the 

d e s c r i p t i o n of the t h r e e - d i m e n s i o n a l c o n s t r u c t i o n . 

Eye movements were recorded d u r i n g the p r e s e n t a t i o n 

of these s t i m u l i by means of an a c c e l e r o m e t e r a t t a c h e d 

to the c o r n e a l cap. 

A l l Ss were a b l e to r e v e r s e the appearance of 

these f i g u r e s . As r e g a r d s eye movements d u r i n g the 

p e r c e p t i o n of such s t i m u l i , Zinchenko and V e r g i l e s 

s t a t e : 

"A s e r i e s of p s y c h o l o g i c a l t e s t s y i e l d e d 
f a c t s i n d i c a t i n g t h a t d u r i n g p e r c e p t i o n 
of double images, such as Rubin's w e l l -
known f i g u r e s , d u r i n g the p e r c e p t i o n of 
Necker's cube or S c h r o e d e r ' s s t a i r c a s e , 
and o t h e r s i m i l a r o b j e c t s , eye movements 
take p l a c e . I t i s p o s t u l a t e d t h a t 
s u c c e s s i v e replacement of the p o i n t s of 
f i x a t i o n l e a d s to the r e v e r s a l of such 
shapes. I n v e s t i g a t i o n of p e r c e p t i o n of 
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Necker's cube under s t a b i l i s e d c o n d i t i o n s 
and i n c o n j u n c t i o n w i t h the r e c o r d i n g of 
ey< movements showed t h a t r e v e r s a l of the 
cube a l s o t a k e s p l a c e only w i t h changes i n 
the p o s i t i o n s of the eye. These r e s u l t s 
are a d d i t i o n a l c o n f i r m a t i o n of the view 
t h a t eye movements under s t a b i l i s a t i o n 
c o n d i t i o n s l e a d to s w i t c h i n g of the 
r e c e p t i v e f i e l d s of the r e t i n a . " (p. 2 4 ) . 

Zinchenko ( 1 9 6 6 ) f u r t h e r p o i n t s out t h a t : 

" I n s p i t e of a l l the s e n s e l e s s n e s s of the 
movements of the eye from the p o i n t of 
view of r e p l a c i n g of the image i n 
r e l a t i o n to r e t i n a , they s t i l l t u r n out 
to be n e c e s s a r y . " (p.72 ) . 

I t may be t h a t as Hochberg (1 9 7 0 a ) h a s suggested the 

'tendency' to make an eye movement i n such 

s t a b i l i s e d c o n d i t i o n s i s important r a t h e r than 

whether such a movement r e s u l t s i n a change of 

v i s u a l i n p u t . 

2.3.7. P a r a l y s e d Eye Technique 

Eye movements have a l s o been pre v e n t e d by the use 

of a t r o p i n e t o p a r a l y s e the eye muscles. Loeb (1887), 

w i t h the Necker cube as s t i m u l u s , found r e v e r s a l s 

s t i l l o c c u r r e d when the eye was p a r a l y s e d . Loeb 

argued t h a t r e v e r s a l s were r e l a t e d to accommodation 

and t h a t t h i s f i n d i n g demonstrated t h a t the e f f e r e n c e 

to the c i l i a r y m u scles was the important f a c t o r . 

McDougall (1906) and a l s o W a l l i n (1910) have 

c r i t i c i s e d t h i s i n t e r p r e t a t i o n . W a l l i n has a l s o 

demonstrated t h a t r e v e r s a l s can o c c u r under a t r o p i n e 

p a r a l y s i s . George (1936) and a l s o Zinchenko and 

V e r g i l e s (1972) s i m i l a r l y r e p o r t r e v e r s a l s under 

p a r a l y s i s . 

T h i s e v i d e n c e s u g g e s t s t h a t movements of the eye 
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are not n e c e s s a r y f o r f l u c t u a t i o n s to o c c u r . When 

a S attempts to a l t e r h i s d i r e c t i o n of gaze and h i s 

e x t r a o c u l a r muscles are p a r a l y s e d then the v i s u a l 

f i e l d does appear to move i n the d i r e c t i o n of t h i s 

attempted change (Matin, 1976). T h i s Matin 

suggests r e f l e c t s the ' i n t e n t i o n ' to move the eye 

or a s h i f t i n a t t e n t i o n . 

2.3.8. V o l u n t a r y C o n t r o l of Eye Movements 

I n s t r u c t i o n s to Ss to i n h i b i t t h e i r s c a n n i n g 

of the s t i m u l u s have been used i n s e v e r a l s t u d i e s . 

L i n d a u e r and B a u s t (1974) and a l s o Adams and H a i r e 

(1958) s i m p l y t o l d t h e i r Ss to look s t r a i g h t at 

the s t i m u l u s . More s p e c i f i c c o n t r o l of eye 

movements has t y p i c a l l y been w i t h the use of a 

f i x a t i o n mark. T h i s i s e v i d e n t i n work w i t h 

s e c t o r e d d i s c s ( e . g . Goldhamer ,1934; ICunnapas, 

1957; Oyama,1960) where Ss f i x a t e d the c e n t r e of 

the d i s c . 

Most of the s t u d i e s on the Necker cube have 

employed f i x a t i o n . V a r i o u s s i z e s and v i e w i n g 

d i s t a n c e s have been used w i t h the S f i x a t i n g the 

c e n t r e of the cube; f o r example, Orbach, E h r l i c h 

and Heath (1963)-8°; Mull, Ord and Locke ( 1 9 5 4 ) -

3.17°; Cipywnyk (1959)-3.6°. F i x a t i o n of a 

s p e c i f i c p o i n t on the s t i m u l u s such as one of the 

i n t e r n a l Y j u n c t i o n s of the cube has a l s o been used 

(Washburn, Malley and N a y l o r , 1 9 3 1 ) . These l a t t e r 

r e s e a r c h e r s used 3 s i z e s of Necker cube: subtending 
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0.47°; 4.8° or 39.8° at the S's eye, f i n d i n g t h a t 

f a s t e r r e v e r s a l s were r e p o r t e d w i t h the s m a l l e r 

cube. 

F i x a t i o n has a l s o been employed w i t h r o t a t i n g 

r e v e r s i b l e p e r s p e c t i v e f i g u r e s (Howard,1961; P r i c e , 

1967b) and ambiguous f i g u r e s ( C a r l s o n , 1 9 5 3 ) . F l u g e l 

(1913$ r e p o r t s an experiment employing two Ss w i t h 

four s t i m u l i : a r e v e r s i b l e t a b l e o u t l i n e , Mach's 

t r u n c a t e d pyramid, Bea u n i s p i l e of cubes and a 

wedge f i g u r e . F l u g e l does not g i v e the s i z e of the 

s t i m u l i used, although they a r e presumably l e s s 

than 6.4° x 3.6° v i s u a l angle - t h i s b e i n g the s i z e 

of c a r d used i n o t h e r experiments i n the r e p o r t . 

The Ss appeared to be a b l e to f i x a t e s p e c i f i e d 

p o i n t s i n the f i g u r e s and s i m u l t a n e o u s l y a t t e n d to 

other a r e a s of the s t i m u l i . 

Some s t u d i e s have used both c o n d i t i o n s of f r e e 

viewing and of f i x a t i o n . Cormack and Arger (1968) 

u s i n g a Necker cube subtending 5°, viewed as a 

stereogram w i t h d i s p a r i t y , found t h a t the p r e s e n c e 

or absence of a f i x a t i o n p o i n t d i d not a f f e c t the 

r e v e r s a l r a t e but had an e f f e c t on the d i s p a r i t y 

such t h a t no f i x a t i o n i n c r e a s e d the dominance of 

the a s p e c t consonant w i t h t h a t d i s p a r i t y . S p i t z 

and Lipman ( 1962) used a Necker cube (4° v i s u a l 

a n g l e ) ; w i t h or without Ss f i x a t i n g i t s c e n t r e , and found 

l i t t l e d i f f e r e n c e between t h e s e two c o n d i t i o n s . 

V o l u n t a r y f i x a t i o n of a p o i n t on the s t i m u l u s 
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d i s p l a y then does not pr e v e n t f l u c t u a t i o n s 

although i t may reduce t h e i r number. The e x t e n t 

to which a S s u p p r e s s e s eye movements i n such 

c o n d i t i o n s may be a f a c t i n t h i s , although such 

movements may s t i l l o c c u r . These s t u d i e s 

demonstrate t h a t Ss can a t l e a s t s h i f t t h e i r 

a t t e n t i o n , although whether accompanied by eye 

movements or not i s g e n e r a l l y not re c o r d e d . I n 

Kawabata, Yamagami and Noaki's study (1978) eye 

movements were r e c o r d e d w h i l s t S f i x a t e d an 

i n t e r n a l c o r n e r of the Necker cube. S m a l l eye 

movements d i d occur, although t h e s e appeared to be 

independent of the r e p o r t e d cube a s p e c t . Of 

p a r t i c u l a r i n t e r e s t i s the f a c t t h a t the s i z e of 

such s t i m u l i i s g e n e r a l l y l e s s than about 5° v i s u a l 

angle, w i t h l a r g e r s t i m u l i e x h i b i t i n g s l o w e r 

r e v e r s a l s (Washburn, Malley and N a y l o r , 1 9 3 1 ) . T h i s 

may i l l u s t r a t e t h a t the Ss f a c i l i t y a t such 

a t t e n t i o n s h i f t i n g i s s p a t i a l l y l i m i t e d . T h i s 

would again agree w i t h the s u g g e s t i o n s of P r i t c h a r d 

( 1958) u s i n g a s t a b i l i s e d image of a r e v e r s i b l e 

p e r s p e c t i v e f i g u r e . 

2,3.9. B l i n k i n g 

Although not s t r i c t l y a v i e w i n g c o n d i t i o n , 

b l i n k i n g i s i n c l u d e d here as i t i s an event which 

has been r e c o r d e d and r e l a t e s to the o t h e r c o n d i t i o n s 

p r e v i o u s l y c o n s i d e r e d . 

B l i n k i n g by Ss was r e c o r d e d by S p i t z and Lipman 
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(1962) d u r i n g both massed and spaced t r i a l s w h i l s t S s 

viewed the Necker cube, no c o r r e l a t i o n was found 

between r e v e r s a l s and such b l i n k i n g . F r a n k s and 

L i n d a h l (1963) s i m i l a r l y r e p o r t no c o r r e l a t i o n . 

Brown (1962) found t h a t , whereas b l i n k s d i d appear 

sometimes to t r i g g e r r e v e r s a l s t h e r e was not a 

completely c a u s a l r e l a t i o n s h i p as the r a t e o f 

apparent change of a r o t a t i n g p i n p a t t e r n i n c r e a s e d 

without a concomraitant i n c r e a s e i n b l i n k r a t e - I n 

Wieland and Mefferd's study (1967) some Ss used 

b l i n k i n g as a s t r a t e g y to f a c i l i t a t e r e v e r s a l s , 

whereas i n c o n t r a s t o t h e r s used s t a r i n g to 

s i m i l a r l y i n c r e a s e r e v e r s a l s . When Ss d i d not 

i n t e n t i o n a l l y modify t h e i r b l i n k i n g r a t e s , however, 

the g e n e r a l r e l a t i o n s h i p between r e v e r s a l s and 

b l i n k i n g was both s m a l l and n e g a t i v e , Ammons, 

U l r i c h and Amnions (1959) l i k e w i s e r e p o r t t h a t Ss 

u t i l i s e d b l i n k i n g as a s t r a t e g y f o r r e v e r s i n g the 

Necker cube, although t h i s tended to be used by 

Ss e x h i b i t i n g slow r e v e r s a l r a t e s . 

Orbach, E h r l i c h and Heath ( 1963) used s h o r t 

s t i m u l u s on and o f f times which P e l t o n (1969) 

argues c o u l d be e q u i v a l e n t to b l i n k i n g w i t h a 

r e v e r s a l o c c u r r i n g w i t h i n the time of the ' b l i n k ' . 

Although Orbach and Olson (1969) have d i s a g r e e d 

w i t h t h i s i n t e r p r e t a t i o n . Martin (1971 ) has 

r e p o r t e d d i f f e r e n t i a l b l i n k i n g d u r i n g r e p o r t i n g of 

the p r e f e r r e d ( h i g h b l i n k r a t e ) and n o n - p r e f e r r e d 
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(low r a t e ) a s p e c t s of the Schroder s t a i r c a s e . 

B l i n k s tended to be a s s o c i a t e d w i t h a r e v e r s a l 

only when the p e r c e p t changed from the p r e f e r r e d 

'down* to the 'up' v e r s i o n of the f i g u r e . 

R e v e r s a l s have been r e p o r t e d to o c c u r s i m u l t a n e o u s l y 

w i t h the o c c l u s i o n of the s t i m u l u s when v i e w i n g i t 

w i t h both eyes . To some exent t h i s i s e q u i v a l e n t 

to a b l i n k . 

B l i n k i n g i s a s t r a t e g y which the S can 

u t i l i s e t o a i d the change of s t i m u l u s a s p e c t 

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

c e s s a t i o n of the c u r r e n t a s p e c t s t i m u l a t i o n or by 

p r o v i d i n g a change i n v i s u a l i n p u t as i n a 

s a c c a d i c eye movement, B l i n k i n g may a l s o r e l a t e 

to the s t a t e of a t t e n t i o n so t h a t a high b l i n k r a t e 

i n d i c a t e s low a t t e n t i o n . 

2.3.10. Summary 

F l u c t u a t i o n of ambiguous and r e v e r s i b l e s t i m u l i 

o c c u r s under a v a r i e t y of d i f f e r e n t v i e w i n g c o n d i t i o n s . 

Some of t h e s e s p e c i f i c a l l y seek to e l i m i n a t e eye 

movements by the S as a c o n t r i b u t i n g f a c t o r . 

V o l u n t a r y f i x a t i o n by the S may not f u l l y 

e l i m i n a t e the p o s s i b i l i t y of such eye movements. A 

s w i t c h i n g of s e l e c t i v e v i s u a l a t t e n t i o n may be 

important as w i t h l a r g e r s t i m u l i s l o w e r r e v e r s a l 

r a t e s have been r e p o r t e d . S t a b i l i s e d image 

t e c h n i q u e s do g e n e r a l l y overcome a p o s s i b l e eye 

movement c o n t r i b u t i o n , although the t y p i c a l l y s m a l l 
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s i z e of the s t i m u l u s used may enable the S to 

s e l e c t i v e l y a t t e n d to d i f f e r e n t p a r t s of the 

d i s p l a y . Fragmentation of such s t a b i l i s e d images 

may a i d such f l u c t u a t i o n by a l t e r i n g the a v a i l a b l e 

cues. Where eye movements have been recorded 

l a r g e r s t i m u l u s d i s p l a y s have been used and eye 

movements d u r i n g f l u c t u a t i o n found, although the 

ex a c t r e l a t i o n s h i p of a movement and a f l u c t u a t i o n 

has not been e s t a b l i s h e d . P a r t i a l p r e s e n t a t i o n 

methods m i r r o r the s u c c e s s i v e v i s u a l input of 

normal v i e w i n g without the u s u a l eye movements 

o c c u r r i n g . 

R e v e r s a l s , i n d i f f e r e n t o r i e n t a t i o n s , of 

s i m u l t a n e o u s l y viewed s t i m u l i may r e f l e c t the t o t a l 

s t i m u l u s being regarded as a whole which r e v e r s e s 

w i th changes i n v i s u a l a t t e n t i o n . When the 

s t i m u l i a re i n t e r n a l l y g enerated or the eye i s 

p a r a l y s e d the f l u c t u a t i o n s again r e f l e c t a 

s w i t c h i n g of a t t e n t i o n . Monocular and b i n o c u l a r 

v i ewing d i f f e r e n c e s i l l u s t r a t e how e f f e c t i v e use 

i s made of the a v a i l a b l e cues to a i d the m a i n t a i n e d 

p e r c e p t i o n of a p a r t i c u l a r a s p e c t . B l i n k i n g a l s o 

r e f l e c t s such a t t e n t i o n a l changes. 

2.4. INSTRUCTIONS AND RESPONSE TECHNIQUES 

2.4.1. I n s t r u c t i o n s 

Three c l a s s e s of i n s t r u c t i o n s are emphasised i n 
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s t u d i e s of r e v e r s i b l e p e r s p e c t i v e and ambiguous 

f i g u r e s . These are to remain ' p a s s i v e ' and not to 

t r y to i n f l u e n c e the f l u c t u a t i o n s , t h i s i s the one 

most commonly used. A l t e r n a t i v e l y Ss are asked to 

'hold' one a s p e c t f o r as long as p o s s i b l e and 

r e p o r t when i t changes ( e . g . M u l l , Arp and C a r l i n , 

1952) or e l s e they a r e i n s t r u c t e d to ' d r i v e ' such 

f l u c t u a t i o n s as f a s t as p o s s i b l e ( B i l l s , 1 9 3 1 ; 

Ammons, U l r i c h and Ammons,1959). 

V a r i o u s s t u d i e s have used more than the one 

c o n d i t i o n : P e l ton and S o l l e y (1968) used both 

'hold' and ' f a s t s w i t c h i n g ' i n s t r u c t i o n s w i t h the 

Necker cube, Eysenck (1952) used a l l t h r e e t y p e s 

of i n s t r u c t i o n s w i t h the same stimulus., and F r a n k s 

and L i n d a h l (1963) employed both ' p a s s i v e ' and 

'hold' c o n d i t i o n s . 

2.4.2. Response Techniques and Response Measures 

Response r e c o r d i n g i s g e n e r a l l y by two means: 

v e r b a l or key p r e s s . Sometimes both a r e employed 

t o g e t h e r or a t s e p a r a t e times i n the same study ( e . g . 

V i r s u , 1975). A s i n g l e key p r e s s response has been 

used e i t h e r w i t h Ss responding each time a change 

o c c u r s (Brown, 1955; Howard,1961) or e l s e p r e s s i n g 

f o r one a s p e c t and r e l e a s i n g f o r the o t h e r ( P r i c e , 

1967b; P o r t e r , 1 9 3 8 ) . Other v e r s i o n s of t h i s a r e ; 

a s i n g l e l e v e r moved to one s i d e or the o t h e r to 

i n d i c a t e each a s p e c t (Donahue and ( 4 - i f f i t t s , 1931) 

and Cohen ( 1959) has r e c o r d e d r e s p o n s e s v i a a 
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t y p e w r i t e r . 

With a s i n g l e key response a problem o c c u r s e i t h e r 

i f the S makes an e r r o r and r e p o r t s a change, such 

t h a t a l l subsequent r e p o r t s are out of phase w i t h 

h i s p e r c e p t i o n , or when ot h e r phenomena are 

p e r c e i v e d . T h i s l a t t e r f a c t was accommodated by 

P o r t e r (1938) who i n s t r u c t e d h i s Ss i n such 

c o n d i t i o n s to p r e s s the s i n g l e key r a p i d l y u n t i l 

the main f i g u r e a s p e c t s were again p e r c e i v e d . 

The use of 2 keys, one f o r each a s p e c t , can 

encompass such problems, e.g. by p r e s s i n g no 

key (Oyama,1960) when n e i t h e r of the two a s p e c t s 

are p e r c e i v e d . 

V e r b a l r e p o r t s a r e a l s o commonly used ( e . g . 

Kunnapas,1957; Washburn, Malley and Naylor, 1931; 

B i l l s , 1 9 3 1 ; ShoPland and Gregory,1964). Hochberg 

and M c A l i s t e r ( 1953) p r e f e r r e d v e r b a l r e p o r t s of 

Kopfermam cube appearance ar g u i n g t h a t the s t i m u l i 

f l u c t u a t e d too r a p i d l y f o r a key p r e s s response. 

They a l s o used an i n t e r e s t i n g sampling technique 

where S v e r b a l l y r e p o r t e d h i s p e r c e p t i o n s when a 

tone was p r e s e n t e d . A s i m i l a r sampling procedure 

was adopted by G i r g u s , Rock and E g a t z ( 1 9 7 7 ) . 

Both v e r b a l and key p r e s s r e s p o n s e s may have 

p a r t i c u l a r advantages i n c e r t a i n s i t u a t i o n s . No 

comparisons between the d i f f e r e n t response t e c h n i q u e s 

and t h e i r p o s s i b l e e f f e c t s upon the f l u c t u a t i o n s of 

the same s t i m u l i have been c a r r i e d out. I n t h i s 

r e s p e c t i t i s of i n t e r e s t to note t h a t Glen (1940 ) 
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c o n s i d e r e d some of the observed eye movements of 

h i s Ss co u l d be response r e l a t e d . The use of a 

d i f f e r e n t response technique c o u l d have p o s s i b l y 

e l a b o r a t e d t h i s . 

The u s u a l response measure i s t h a t of the 

f l u c t u a t i o n r a t e , although the time to the f i r s t 

r e v e r s a l ( ' s a t i a t i o n p e r i o d ' ) has been employed by 

Howard ( 1 9 6 1 ) . The as p e c t f i r s t r e p o r t e d upon 

p r e s e n t a t i o n of a s t i m u l u s has a l s o been commonly 

used ( e . g . F i s h e r ,1967a). Which measure i s 

recorded depends upon the purpose of the i n v e s t i g a t i o n . 

I n t e r e s t i n which a s p e c t i s r e p o r t e d has i n v o l v e d 

s t u d i e s of v a r i a t i o n s i n appearance of the s t i m u l u s 

( F i s h e r , 1 9 0 7 b ) , eye movement and f i x a t i o n l o c a t i o n 

at the time of f l u c t u a t i o n ( E l l i s and S t a r k , 1 9 7 8 ) 

and the e f f e c t s of d i f f e r e n t t y p e s of i n s t r u c t i o n s 

(Sakano, 1963) . 

2.4.3. The Problem of M u l t i p l e P e r c e p t i o n s 

An i l l u s t r a t i o n of the need f o r c a r e f u l 

c o n s i d e r a t i o n to be gi v e n to i n s t r u c t i o n s and response 

methods i s a f f o r d e d by c o n s i d e r i n g the o c c u r r e n c e 

of o t h e r p e r c e p t i o n s b e s i d e s those expected by the 

experimenter. An i n h e r e n t problem w i t h u s i n g 

r e v e r s i b l e p e r s p e c t i v e s t i m u l i i s t h a t , u n l i k e two-

asp e c t ambiguous f i g u r e s , they can r e a d i l y g i v e 

r i s e to more than the u s u a l l y c o n s i d e r e d two 

p e r c e p t s . S e v e r a l a u t h o r s r e p o r t t h i s . Ammons, 

U l r i c h and Ammons (1959) u s i n g the Necker cube and 
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w i th w e l l - p r a c t i s e d Ss r e v e r s i n g the f i g u r e as 

r a p i d l y as p o s s i b l e i n 14 mins. t r i a l s r e f e r to 

s e v e r a l phenomena r e p o r t e d . These i n c l u d e d : 

" r e c t a n g l e i n back of s q u a r e " , " o v e r l a p p i n g 

s q u a r e s " , " l a r g e diamond and border", "both f a c e s 

of the cube forward at the same time." T a y l o r and 

Henning (1963) found t h a t one n a i v e S saw 22 forms 

of the Necker cube i n 10 minutes when no i n s t r u c t i o n s 

were g i v e n as r e g a r d s the s t i m u l u s as h a ving only 

2 p o s s i b l e v e r s i o n s . Martin (1967) r e p o r t s s e e i n g 

50 v e r s i o n s of a cube f i g u r e . Wong (1975) u s i n g a 

t h r e e - d i m e n s i o n a l Necker cube and Schroder 

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

with i n c r e a s i n g v i e w i n g d i s t a n c e , 

With r o t a t i n g f i g u r e s the u s u a l r e v e r s a l 

r e p o r t e d i s of d i r e c t i o n of r o t a t i o n . However, 

F i s i c h e l l i (1946) r e p o r t s b r i e f i n t e r r u p t i o n s i n 

good r o t a r y motion. With a d i f f e r e n t r o t a t i n g s t i m u l u s 

Brown (1955) found e x t r a n e o u s movement. Vaegan (1976) 

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

r o t a t i n g s k e l e t a l diamond shape. 

T h i s problem does not o ccur w i t h two-aspect 

ambiguous f i g u r e s , p o s s i b l y due to the more meaningful 

i n t e r p r e t a t i o n s accorded such s t i m u l i which s e r v e 

to l i m i t the p o s s i b l e a s p e c t s , T h i s o u t l i n e s a 

s o u r c e of d i f f e r e n c e between the two c l a s s e s of 

s t i m u l i and c e r t a i n l y emphasises the need f o r c a r e f u l 

i n s t r u c t i o n s w i t h the r e v e r s i b l e p e r s p e c t i v e f i g u r e s 
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so t h a t the S i s f u l l y aware of the p a r t i c u l a r 

a s p e c t s i n q u e s t i o n . The response t e c h n i q u e a l s o 

needs to a l l o w f o r such p e r c e p t i o n s which cannot 

be c l a s s i f i e d as e i t h e r of the ex p e c t e d a s p e c t s . 

2.4.4. Summary 

Both the i n s t r u c t i o n s g i v e n to the S and the 

response t e c h n i q u e employed are important f a c t o r s 

to be c o n s i d e r e d . The i n s t r u c t i o n s can a f f e c t the 

r e p o r t e d f l u c t u a t i o n r a t e and the response 

technique must both a l l o w f o r the S making an 

erroneous response as w e l l as the p o s s i b i l i t y of 

oth e r p e r c e p t i o n s b e s i d e s those which the 

experimenter e x p e c t s . The response measure 

employed depends on the e x p e r i m e n t a l h y p o t h e s i s 

being i n v e s t i g a t e d . 

2.5. OBSERVER VARIABLES 

2.5.1. Observer N a i v e t y 

The problem of whether to use co m p l e t e l y n a i v e 

Ss or Ss who a r e aware of the p o s s i b i l i t y of more 

than the one p e r c e p t i n t h e s e f i g u r e s has been 

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

Ss i s t h a t they may r e p o r t o t h e r phenomena i n which 

the experimenter i s not i n t e r e s t e d . F o r i n s t a n c e , 

i n the cas e of r e v e r s i b l e p e r s p e c t i v e f i g u r e s ; 

r e p o r t s of m u l t i p l e appearances of such s t i m u l i may 

be reduced by f i r s t f a m i l i a r i s i n g the S w i t h the 
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p a r t i c u l a r a s p e c t s he i s to r e p o r t . 

Leppmann and Mefferd (1968) compared both 

naive and Ss who were e x p e r i e n c e d i n r e p o r t i n g 

t h e i r p e r c e p t u a l e x p e r i e n c e s . Both groups were 

shown t h r e e s t i m u l i (Necker cube, ' d u c k - r a b b i t ' 

s t i m u l u s and then B o r i n g ' s f i g u r e ) to c r e a t e a 

s e t to 'see' r e v e r s a l s and were then shown L e e p e r ' s 

(1935) unambiguous o l d woman v e r s i o n of B o r i n g ' s 

f i g u r e . The n a i v e Ss were more i n f l u e n c e d than the 

e x p e r i e n c e d Ss by t h i s procedure i n t h a t they 

r e p o r t e d more r e v e r s a l s w i t h the unambiguous 

s t i m u l u s . 

I n a f u r t h e r experiment Mefferd, Wieland, 

G r e e n s t e i n and Leppmann (1968) used the same s t i m u l i 

but w i t h groups of Ss who were g i v e n p r e v i o u s 

e x p e r i e n c e e i t h e r on r e v e r s i b l e s t i m u l i , geometric 

s t i m u l i or had no such p r e - t r a i n i n g . Short 

p r e - t r a i n i n g i n c r e a s e d the r e p o r t e d f l u c t u a t i o n s 

both w i t h the s u b s e q u e n t l y p r e s e n t e d ambiguous and 

unambiguous s t i m u l i . T h i s i n c r e a s e b e i n g g r e a t e r 

f o r the s p e c i f i c t r a i n i n g on the ambiguous than 

w i t h the geometric f i g u r e s . 

Mefferd e t a l . argue t h a t t h e s e experiments 

demonstrate the need to use Ss who have some 

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

p o i n t i n g out t h a t the l a t t e r experiment i l l u s t r a t e s 

t h a t both s p e c i f i c i n s t r u c t i o n s and p r a c t i c e can 

i n f l u e n c e subsequent p e r c e p t i o n . In most work Ss 
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are f i r s t a c q uainted w i t h the a m b i g u i t y o f the 

s t i m u l u s , t h i s may p o s s i b l y d i s t o r t subsequent 

p e r c e p t u a l r e p o r t s . A somewhat s i m i l a r p o i n t has 

more r e c e n t l y been made by Girgus, Rock and Egatz 

(1977) who f i r s t showed naive Ss a s e r i e s o f l i n e 

drawings f o l l o w e d by two r e v e r s i b l e f i g u r e s (Rubin's 

vase-face and e i t h e r the Necker cube or Mach's 

t r u n c a t e d p y r a m i d ) . I n a s e r i e s o f experiments, 

where the exposure time of the r e v e r s i b l e s t i m u l i 

was i n c r e a s e d from 30 t o 180s,about h a l f the Ss d i d 

not r e p o r t r e v e r s a l s . Girgus e t a l . argue the need 

f o r Ss t o f i r s t know the a l t e r n a t i v e aspects i n 

o r d e r f o r the s t i m u l u s t o r e v e r s e . 

Taken t o g e t h e r these experiments i l l u s t r a t e 

the need f o r c a r e f u l i n s t r u c t i o n s r e g a r d i n g a m biguity 

or r e v e r s i b i l i t y as w e l l as c o n s i d e r a t i o n of the 

n a i v e t y o f the Ss. The use o f Ss who are naive 

w i t h r e s p e c t t o the e x p e r i m e n t a l h y p o t h e s i s but 

have had some form o f p r i o r experience at p e r c e p t u a l 

r e p o r t i n g t o g e t h e r w i t h i n s t r u c t i o n s e l u c i d a t i n g the 

aspects o f the s t i m u l i o f i n t e r e s t and p o s s i b l y some 

p r e l i m i n a r y p r a c t i c e a t f l u c t u a t i n g such f i g u r e s 

( g i v e n t h a t t h i s w i l l i n c r e a s e the l i k e l i h o o d o f 

such f l u c t u a t i o n s ) are a l l i m p o r t a n t f a c t o r s . They 

al s o demonstrate the e f f e c t s o f p r i o r experience 

on subsequent p e r c e p t i o n o f such s t i m u l i , a f a c t o r 

discussed i n s e c t i o n 2.5.7. 
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2.5.2. I n d i v i d u a l D i f f e r e n c e s 

The exact n a t u r e of some parameters s t u d i e d 

w i t h r e g a r d t o ambiguous and r e v e r s i b l e p e r s p e c t i v e 

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

i n d i v i d u a l d i f f e r e n c e s between Ss. Such d i f f e r e n c e s 

have been found f o r a l l types o f s t i m u l i , b o t h 

s t a t i c ( S a d l e r and M e f f e r d , 1970; Ammons, U l r i c h 

and Ammons, 1959) and r o t a t i n g r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s (Brown, 1955), r e v e r s i b l e 

f i g u r e - g r o u n d p a t t e r n s ( P e l t o n , S o l l e y and B r e n t , 

1969) and ambiguous s t i m u l i ( F o r s y t h and Huber, 1976). 

Wieland and M e f f e r d (1967) r e p o r t i n d i v i d u a l 

d i f f e r e n c e s i n the s t r a t e g i e s observers used t o 

produce r e v e r s a l s such as b l i n k i n g or s t a r i n g ( a l s o 

Ammons, U l r i c h and Ammons, 1959), whereas, F o r s y t h 

and Huber (1976) have c h a r a c t e r i s e d d i f f e r e n t 

'human non-human' ambiguous f i g u r e s i n t o c a t e g o r i e s 

which comprise p a r t i c u l a r s t i m u l u s f a c t o r s and have 

r e l a t e d these t o i n d i v i d u a l d i f f e r e n c e s between t h e 

Ss. 

Such i n d i v i d u a l d i f f e r e n c e s may be r e l a t e d t o 

v a r i a b l e s such as p e r s o n a l i t y types o r may r e f l e c t 

d i f f e r e n c e s i n scanning or s e l e c t i v e a t t e n t i o n . 

The e x i s t e n c e o f such d i f f e r e n c e s causes problems 

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

parameters a f f e c t i n g the f l u c t u a t i o n s . 
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2.5.3. Sex, Age and I n t e l l i g e n c e 

L i t t l e work has been done on sex d i f f e r e n c e s , 

age or i n t e l l i g e n c e e f f e c t s i n a l t e r i n g the 

appearance o f these s t i m u l i . The f o l l o w i n g 

f i n d i n g s tend t o be r e p o r t e d i n s t u d i e s where the 

main i n t e r e s t was i n o t h e r f a c t o r s . 

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

sex d i f f e r e n c e s i n the p e r c e p t i o n o f these f i g u r e s . 

George (1936) u s i n g McDougall's w i n d m i l l , Rubin's 

cross and Jastrow's cube found as p a r t o f h i s study 

t h a t women were poorer at r e v e r s i n g these f i g u r e s 

than men. Sanders (1977) r e p o r t s f i n d i n g no sex 

d i f f e r e n c e s i n r e l a t i n g r e v e r s a l s t o dogmatism. 

Lindauer and Baust (1974) mention a p i l o t study 

u s i n g 23 m e a n i n g f u l ambiguous f i g u r e s and f i n d i n g 

no sex d i f f e r e n c e e i t h e r i n the t o t a l number of 

meaningful o b j e c t s r e p o r t e d nor i n frequency of 

the f i r s t two responses f o r each f i g u r e . Lindauer 

(1969) u s i n g a preponderance o f female s u b j e c t s 

found no sex d i f f e r e n c e s when psychology under

graduates were shown a s e r i e s o f v e r s i o n s o f an 

ambiguous f i g u r e . B a r t o l and P i e l s t i c k (1972) i n 

a study where Ss c o u l d choose which o f an 

unambiguous v e r s i o n or an ambiguous v e r s i o n they 

wished t o view found no e f f e c t s o f sex by i t s e l f , 

but do r e p o r t a s e x - a g e i n t e r a c t i o n . 

Heath and Orbach (1963) found slower r e v e r s a l 

r a t e s i n o l d people (mean age 70 y e a r s ) than i n 
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young a d u l t s , e q u a t i n g t h i s t o the type o f r a t e 

found i n f r o n t a l lobe damaged p a t i e n t s ( Y a c o r z y n s k i 

and Davis, 1945). T h e i r s u b j e c t s a l l s u f f e r e d 

from c h r o n i c d i b i l i t a t i n g d i s o r d e r s o f the aged and 

out of 31 Ss o n l y 6 gave r e l i a b l e r e s u l t s . P h i l i p 

(1953) found no age r e l a t e d d i f f e r e n c e s when 

comparing young (under 56 years) and o l d (over t h i s 

age) groups o f p s y c h i a t r i c p a t i e n t s . So t o o d i d 

Spivack and Levine (1959). u s i n g both normal and 

b r a i n damaged female s u b j e c t s i n t h e i r e a r l y 

t w e n t i e s . H o l t and Matson (1976) found age changes 

most s i g n i f i c a n t between 55 and 75 years i n a d u l t s 

and i n c h i l d r e n between 5 and 10 years. I n 

an e a r l i e r study ( H o l t and Matson,1974) found t h a t 

Necker cube r e v e r s a l s i n c r e a s e d w i t h age when 

c h i l d r e n between 7 and 11 years were t e s t e d . 

B a r t o l and P i e l s t i c k (1972) r e p o r t t h a t males may 

have a p r e f e r e n c e f o r ambiguity around 12 years o f 

age, whereas f o r females such p r e f e r e n c e may occur 

i n l a t e adolescence. 

IQ e f f e c t s have a l s o been noted. K o l t and Matson 

(1974) r e p o r t e d low IQ c h i l d r e n p e r c e i v i n g fewer 

r e v e r s a l s . Spivack and Levine (1959 ), u s i n g the 

Necker cube and Schroder s t a i r c a s e , found no e f f e c t 

of i n t e l l i g e n c e w i t h young a d u l t females a l t h o u g h 

Jackson (1954) found s l i g h t evidence f o r c o r r e l a t i o n s 

between Necker cube r e v e r s a l s and scores on the 

S c h o l a s t i c A p t i t u d e t e s t . 
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2.5.4. P e r s o n a l i t y Measures 

The r a t e of f l u c t u a t i o n of r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s has been s t u d i e d w i t h r e spect 

t o the degree o f i n t r o v e r s i o n or e x t r a v e r s i o n o f 

the observer. The m a j o r i t y o f t h i s work f o l l o w s 

McDougall's (1929) demonstration t h a t i n t r o v e r t s 

e x h i b i t e d a f a s t e r r e v e r s a l r a t e . Subsequent work 

has both supported t h i s (George, 1936; P o r t e r , 

1938; Franks and L i n d a h l , 1963), o r found no 

evidence o f a c o r r e l a t i o n between such p e r s o n a l i t y 

measures and f l u c t u a t i o n r a t e ( G u i l f o r d and B r a l y 

1931; G u i l f o r d and Hunt, 1932; G u i l f o r d and F r e d e r i n s e n , 

1934). Sanders (1977) found a s m a l l 

c o r r e l a t i o n between the non r e c o g n i t i o n o f 

ambiguity ( a c t u a l l y the r e v e r s i b l e p e r s p e c t i v e of 

a Necker cube) and dogmatism as measured on 

Rokeach's dogmatism s c a l e . Newbigging (1953) s t u d i e d 

e i g h t r e v e r s i b l e p e r s p e c t i v e f i g u r e s and an empathy 

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

f a s t e r r e v e r s a l s were l e s s accurate i n t h e i r 

p r e d i c t i o n s o f others' r a t i n g s . 

2.5.5. P s y c h i a t r i c P a t i e n t s 

Lower f l u c t u a t i o n r a t e s have been r e p o r t e d f o r 

p s y c h i a t r i c p a t i e n t s as compared t o normals 

(Cameron, 1936; Eysenck, 1952) w i t h manic 

depressives e x h i b i t i n g l e s s r e v e r s a l s than 

s c h i z o p h r e n i c s (Eysenck, 1952; P h i l i p , 1953; 

Hunt and G u i l f o r d , 1933). 
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B r a i n damaged p a t i e n t s e x h i b i t slower 

f l u c t u a t i o n r a t e s than normal Ss ( Y a c o r z y n s k i and 

Davis, 1945; McMurray, 1954 ; Spivack and 

Levine, 1959) as w e l l as showing g r e a t e r d i f f i c u l t y 

i n a b i l i t y t o p e r c e i v e the phenomenon (Harrower, 

1939, S p i t z and Blackman, 1959). 

2.5.6. M o t i v a t i o n a l E f f e c t s 

The e f f e c t s o f reward or punishment of one 

h a l f of a r e v e r s i b l e f i g u r e - ground s t i m u l u s was 

s t u d i e d by Schafer and Murphy (1943). They used 

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

c e n t r a l i r r e g u l a r d i v i d i n g l i n e , such t h a t each 

h a l f c o u l d be p e r c e i v e d as a face p r o f i l e (each 

h a l f c o n t a i n e d a r e p r e s e n t a t i v e eye). Separate 

h a l f face p r o f i l e s were f i r s t t a c h i s t o s c o p i c a l l y 

exposed t o the S. The S then responded w i t h the 

name o f the face and a number which he was l e d t o 

b e l i e v e c o n t r o l l e d the choice o f the next s t i m u l u s . 

The experimenter rewarded o r punished the S f o r 

hi s response by adding or s u b t r a c t i n g 2 or 4 cents 

from the S's amount. On subsequently t e s t i n g Ss 

w i t h the f u l l c i r c u l a r ambiguous s t i m u l i , when Ss 

had t o r e p o r t the name o f the f a c e , then i t was 

found t h a t on the f i r s t 16 of these 32 p r e s e n t a t i o n s 

the m a j o r i t y o f the responses were i n f a v o u r o f the 

rewarded p r o f i l e . Only t h e f i r s t 16 were analysed 

as by t h i s stage ^ c h a f e r and Murphy found t h a t a 

new type o f set had been e s t a b l i s h e d which 
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f u n c t i o n e d i n d e p e n d e n t l y o f rewards or punishments. 

Schafer and Murphy i n t e r p r e t e d t h i s r e s u l t as de m o n s t r a t i n g 

t h a t autism, d e f i n e d as "the o r g a n i s a t i o n o f 

c o g n i t i v e processes i n the d i r e c t i o n of need 

s a t i s f a c t i o n " , can determine the n a t u r e o f the f i g u r e -

ground o r g a n i s a t i o n . 

Several c r i t i c i s m s have been made o f t h i s 
experiment (Pastore,1949; S o l l e y and Murphy, 1960). 

Rock and Fleck (1950) f a i l e d t o s u b s t a n t i a t e 

Schafer and Murphy's f i n d i n g s i n an e x p e r i m e n t a l 

design which i n c o r p o r a t e d s e v e r a l m o d i f i c a t i o n s . 

Despite the 7 years between the experiments the 

same monetary reward of 2 or 4 cents was used, 

Rock and Fleck p o i n t out many o f t h e i r Ss r e p o r t e d 

t h a t t h i s monetary amount was n e i t h e r rewarding nor 

p u n i s h i n g . Jackson (1954) l a t e r used a l a r g e r 

amount (15 c e n t s ) and two c o n d i t i o n s l a r g e l y 

s i m u l a t i n g e i t h e r those o f Rock and Fleck o r o f 

Schafer and Murphy. R e s u l t s s i m i l a r t o each were 

o b t a i n e d i n the a p p r o p r i a t e e x p e r i m e n t a l c o n d i t i o n . 

Thus the e x p e r i m e n t a l procedure appears t o a f f e c t 

the r o l e of m o t i v a t i o n . Jackson found l i t t l e 

d i f f e r e n c e between rewarded and punished p r o f i l e s 

and a l s o t h a t punished p r o f i l e s were r e p o r t e d more 

f r e q u e n t l y than n e u t r a l ones. Smith and Hochberg 

(1954) u s i n g Schafer and Murphy type s t i m u l i s t u d i e d 

the e f f e c t o f an e l e c t r i c shock used as punishment 

and found t h a t S's p r e d o m i n a n t l y r e p o r t e d the non-
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shocked face as f i g u r e . 

Verbal r e i n f o r c e m e n t was used by S o l l e y and 

Santos (1958) i n work based upon the Necker cube. 

Ss were r e i n f o r c e d f o r responding t o an 'improved' 

( i . e . b i a s e d l e f t f a c i n g or b i a s e d r i g h t f a c i n g ) 

v e r s i o n o f the cube and then t e s t e d on an ambiguous 

cube. L e a r n i n g o c c u r r e d , p r o d u c i n g p e r c e p t u a l 

r e p o r t s f a v o u r i n g the v e r b a l l y rewarded v e r s i o n . 

Age r e l a t e d changes occur i n the e f f e c t s o f 

reward and punishment, which are c o m p l i c a t e d by v a r i o u s 

f a c t o r s such as punishment (a l o s s o f money) which may 

a c t u a l l y be r e w a r d i n g as i t i n c r e a s e s s o c i a l 

i n t e r a c t i o n w i t h the experimenter ( S o l l e y and Engel, 

1960). T h i s e l a b o r a t e s the f a c t t h a t Schafer and 

Murphy's r e s u l i s may o n l y be o b t a i n e d under h i g h l y 

s p e c i f i c c o n d i t i o n s (Santos and G a r v i n , 1962). 

Evidence appears i n c o n c l u s i v e about the e f f e c t s 

o f m o t i v a t i o n upon the p e r c e p t i o n o f a s t i m u l u s 

which can g i v e r i s e t o more than one f i g u r a l area. 

Those e f f e c t s found o f t e n appearing dependent upon 

the e x p e r i m e n t a l c o n d i t i o n s used. 

2.5.7. P r i o r Experience 

Rubin (1921) demonstrated the e f f e c t s o f p r i o r 

experience on f i g u r e - g r o u n d p e r c e p t i o n i n an 

experiment where s t i m u l i c o n t a i n i n g an i r r e g u l a r 

area enclosed by a l a r g e r area o f d i f f e r e n t c o l o u r 

were presented t o Ss w i t h i n s t r u c t i o n s e i t h e r t o 

see the i r r e g u l a r areas as f i g u r e or the e n c l o s i n g 
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areas as f i g u r e . A f t e r some t h i r t y minutes these 

s t i m u l i and some new ones were randomly p r e s e n t e d 

t o the Ss w i t h i n s t r u c t i o n s t o r e p o r t whether the 

f i g u r e was the surrounded or s u r r o u n d i n g area and 

whether t h i s was recognised from the p r e v i o u s 

s t i m u l i . H i s r e s u l t s demonstrated t h a t some 64% 

of the f i g u r e s were seen as on the p r e v i o u s 

t r a i n i n g t r i a l s . Rubin concluded from t h i s t h a t 

t h e r e was a tendency t o o r g a n i s e the v i s u a l f i e l d 

i n accordance w i t h p r i o r e x p e r i e n c e . 

S i m i l a r r e s u l t s were o b t a i n e d by Dutton and 

T r a i l l ( 1 9 3 3 ) a l t h o u g h the meaningfulness o f the 

s t i m u l i was a l s o i m p o r t a n t , G o t t s c h a l d t (1929) 

s u b s t a n t i a t e d Rubin's f i n d i n g s but o n l y i f t h e S 

expected a subsequent t e s t and was set t o look f o r 

f a m i l i a r f i g u r e s i n t h a t t e s t . Rubin's 

i n s t r u c t i o n s may w e l l have l e d the Ss t o b e l i e v e 

t h e i r t a s k was t o look f o r such f a m i l i a r f i g u r e s . 

I n a repeat o f Rubin's experiment i n which s e v e r a l 

m o d i f i c a t i o n s t o the o r i g i n a l methodology were made 

Rock and Kremen (1957) d i d not c o n f i r m Rubin's 

r e s u l t s . Subsequent work ( C o r n w e l l , 1963; C o r n w e l l , 

1964; Botha,1963 j V e t t e r , 1965) has g e n e r a l l y 

demonstrated t h a t p r i o r experience can a f f e c t the 

subsequent p e r c e p t i o n o f such r e v e r s i b l e f i g u r e -

ground s t i m u l i . 

The e f f e c t s o f v i s u a l o r v e r b a l p r i o r 

experience were i n v e s t i g a t e d i n Leeper's (1935) s t u d y 
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of the development o f sensory o r g a n i s a t i o n . He 

used two ambiguous f i g u r e s , a 'rough copy' o f 

Boring's ambiguous f i g u r e and a ' r a b b i t - p i r a t e ' 

f i g u r e . These s t i m u l i were drawn i n t h r e e ways, 

two biased towards one or o t h e r aspect and the 

o t h e r one b e i n g ambiguous. Three groups o f Ss 

were used. One o f the groups were g i v e n v e r b a l 

p r e p a r a t i o n f a v o u r i n g one or o t h e r aspect, another 

group was g i v e n p e r c e p t u a l p r e p a r a t i o n f a v o u r i n g 

one aspect, and a f i n a l group was g i v e n no 

p r e p a r a t i o n . The p e r c e p t u a l p r e p a r a t i o n group was 

shown one o f the biased v e r s i o n s o f each ambiguous 

s t i m u l u s f o r t h i r t y seconds a f t e r which Ss wrote 

down t h e i r d e s c r i p t i o n s o f the s t i m u l u s . For the 

v e r b a l l y p r e pared group, b e f o r e b e i n g shown the 

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

aspect was read t o the Ss. A l l t h r e e groups were 

then shown one o f the composite ambiguous f i g u r e s 

f o r 15 seconds a f t e r which Ss recorded d e s c r i p t i o n s 

of the s t i m u l u s . A second and then a t h i r d 15 

seconds exposure then f o l l o w e d , each time a l l o w i n g 

Ss t o " r e c o r d any f u r t h e r f a c t s they had not 

n o t i c e d . " Ss at t h i s stage were then asked about 

the p i c t u r e c o n t e n t . Then the ambiguous p a t t e r n 

was shown f o r 2 minutes w i t h Ss r e c o r d i n g when they 

noted the o t h e r c o n f i g u r a t i o n . F u r t h e r a s s i s t a n c e 

was g i v e n by showing Ss the b i a s e d v e r s i o n 

i l l u s t r a t i n g the v e r s i o n they were having d i f f i c u l t y 
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w i t h . Again the ambiguous v e r s i o n was then shown 

f o r 2 minutes. 

Leeper found t h a t the c o n t r o l group ( t h o s e 

r e c e i v i n g no p r e l i m i n a r y i n s t r u c t i o n s ) p e r c e i v e d 

both of the ambiguous f i g u r e s i n a bi a s e d f a s h i o n 

e i t h e r f a v o u r i n g the young woman i n Boring's 

f i g u r e or t he p i r a t e i n the o t h e r s t i m u l u s . The 

m a j o r i t y o f the Ss who had r e c e i v e d p e r c e p t u a l 

p r e p a r a t i o n p e r c e i v e d i n the ambiguous v e r s i o n t h a t 

aspect t o which they had been exposed i n t h i s 

p r e p a r a t i o n , even though t h e r e e x i s t e d s e v e r a l 

d i f f e r e n c e s between the two s t i m u l i drawings (as 

shown i n F i g u r e 3.3 ). The groups g i v e n v e r b a l 

d e s c r i p t i o n s o f o n l y one or o t h e r aspect produced 

d i f f e r e n t r e s u l t s w i t h each o f the two p i c t u r e s . 

For the r a b b i t - p i r a t e p i c t u r e t h i s was almost as 

e f f e c t i v e as t he p e r c e p t u a l p r e p a r a t i o n . However, 

w i t h B o r i n g ' s f i g u r e the r e s u l t s were s i m i l a r t o 

the c o n t r o l group f o r the young woman d e s c r i p t i o n , 

whereas f o r the o l d woman d e s c r i p t i o n a l a r g e r 

percentage saw the young woman than i n the c o n t r o l 

group. Leeper a l s o draws a t t e n t i o n t o the 

d i f f i c u l t y these Ss had i n coming t o see the o t h e r 

aspect i n the ambiguous v e r s i o n , a l t h o u g h Dember 

(1965) has p o i n t e d out t h a t f i n e i n t e r g r o u p 

comparisons need c a u t i o u s i n t e r p r e t a t i o n due t o 

the design o f t h i s experiment. 

The Ss were t e s t e d i n groups u s i n g a p r o j e c t o r 
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to present the s t i m u l i a l t h o u g h the s i z e o f the 

s t i m u l i o r v i e w i n g d i s t a n c e i s not giv e n ( a n o t h e r 

experiment u s i n g s i m i l a r l y p r o j e c t e d s t i m u l i quotes 
2 

a s t i m u l u s s i z e o f 140 cms ) . The e f f e c t i v e n e s s 

of the p r i o r p e c e p t u a l experience f o r 30 seconds 

w i t h an unambiguous v e r s i o n may w e l l have 

determined the i n i t i a l f i x a t i o n s made on the 

ambiguous s t i m u l i thus h e l p i n g t o determine the 

S's response t o t h i s s t i m u l u s . I n c o n t r a s t mere 

v e r b a l d e s c r i p t i o n s would not r e l i a b l y c o n t r o l t h e 

i n i t i a l f i x a t i o n p o s i t i o n s p o s s i b l y a c c o u n t i n g f o r 

the poorer e f f e c t i v e n e s s of t h i s c o n d i t i o n . A 

s i m i l a r e x p l a n a t i o n has been o f f e r e d by Chastain 

and Burnham (1975). 

I n a d i f f e r e n t experiment where i n d i v i d u a l Ss 

were t e s t e d on these ambiguous s t i m u l i and then 

some 12 t o 14 days l a t e r shown the ambiguous f i g u r e 

again i n a com p l e t e l y d i f f e r e n t context (amid some 

s l i d e s o f mental d e f e c t i v e s ) Ss d i d p e r c e i v e the 

f i g u r e i n the same f a s h i o n as on the f i r s t 

p r e s e n t a t i o n . Leeper c o n s i d e r s t h i s f i n d i n g t o 

demonstrate not merely a case of 'se t ; because o f the 

long time i n t e r v a l , but r a t h e r permanent h a b i t s . 

Three s i m i l a r v e r s i o n s o f Borin g ' s f i g u r e 

were a l s o used by Carlson (195 3 ) . Ss f i r s t f i x a t e d 

f o r 15 s upon a b i a s e d v e r s i o n o f the f i g u r e and 

then were t e s t e d on the ambiguous f i g u re. I t was found 

t h a t the e f f e c t of the p r e v i o u s v i s u a l e xperience 
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was such as t o fav o u r the p e r c e p t i o n o f t h a t 

aspect i n the ambiguous case. Carlson does not 

i l l u s t r a t e the v e r s i o n s used o r g i v e the s i z e of 

s t i m u l i . He p o i n t s out t h a t whereas the 'young 

woman' bias e d v e r s i o n was o n l y seen as young 

woman, the ' o l d woman' b i a s e d v e r s i o n was merely 

" f a v o u r e d " as o l d woman w i t h the ambiguous 

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

the young woman. Thi s r e s u l t o f p r i o r experience 

was, Carlson suggested, due t o e x p e c t a t i o n . 

Lindauer (1969) a l s o demonstrated the e f f e c t 

of p r i o r experience on subsequent p e r c e p t i o n 

u s i n g v a r i a t i o n s of Leeper's drawings. These 

were a l t e r e d t o produce a range o f 8 s t i m u l i ; an 

unambiguous o l d woman, an unambiguous young woman, 

and a s e r i e s o f p i c t u r e s o f an o l d or a young 

woman. One group o f Ss were shown the s e r i e s 

s t a r t i n g w i t h t h e young woman and ending w i t h the 

o l d woman, another group were shown the reverse 

sequence. The former group e l i c i t e d more young 

woman responses and the l a t t e r group more o l d woman 

responses. 

Lindauer i n t e r p r e t e d t h i s as de m o n s t r a t i v e o f 

the e f f e c t s o f set e s t a b l i s h e d by the i n i t i a l 

p e r c e p t i o n o f the unambiguous v e r s i o n . I n a d d i t i o n , 

one week a f t e r the experiment the two groups were 

unexpectedly shown one o f the f i g u r e s ( t a k e n from 

near the o l d woman end o f the s e r i e s ) which were 
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responded t o as the young woman ( p r e v i o u s l y they 

had been responded t o as o l d woman). Only 39% of 

the 82 Ss i n the 'young t o o l d woman' p r e s e n t a t i o n 

group who had o r i g i n a l l y g i v e n an o l d woman response 

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

p e r c e p t . I n the o t h e r group 96% o f the Ss now 

changed t o a young woman response. Lindauer admits 

t h i s i s c o n t r a r y t o e x p e c t a t i o n a r g u i n g t h a t the 

young Ss used may have found t h i s a more f a m i l i a r 

view i n the absence o f an immediate s e t . 

Lindauer does not quote the s i z e o f s t i m u l u s 

used o n l y t h a t "two sequences of s l i d e s o f the forms were 

shown t o two groups o f undergraduates" each form 

being shown f o r 30 seconds. He g i v e s h i s ordered 

sequence o f s t i m u l i as bei n g : from the young woman 

(W) t o the o l d woman (M) - W, , Wg, W/M1, W/M2, 

, , M. No e x p l a n a t i o n o f the s u b s c r i p t s are 

given but i f they are i n or d e r then the W/M̂  s t i m u l u s 

seems p e c u l i a r l y l a b e l l e d or out o f p l a c e . No 

p i c t u r e o f the s t i m u l i used i s giv e n o n l y t h a t they 

were based on Leeper's drawings: 

"A s t r u c t u r a l c r i t e r i o n o f a m b i g u i t y 
was used t o c r e a t e the s i x ambiguous 
s t i m u l i : i n i n c r e a s i n g amounts, e i t h e r the 
W or M form c o n t a i n e d elements of the 
o t h e r form; and i n decr e a s i n g amounts, 
elements o f the o r i g i n a l form, e.g. 
the m o u t h - l i n e o f M became l o n g e r 
u n t i l i t was the necklace o f W, and 
the n e c k l i n e o f W g r a d u a l l y t u r n e d 
i n t o the c h i n o f M." (p. 911). 

The i m p l i c i t s u p p o s i t i o n i s thus made t h a t 
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Lindauer or h i s a r t i s t know what 'elements' o f 

the p i c t u r e t o g r a d u a l l y change from W t o M 

aspects. T h i s may w e l l have been based upon 

c o n s i d e r a t i o n o f what c o n s t i t u t e d Leeper's young 

and o l d woman unambiguous v e r s i o n s , b u t these i n 

f a c t d i f f e r i n a wide v a r i e t y o f ways and i t would 

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

(so as t o produce i n c r e a s i n g l y b i a s e d p e r c e p t i o n 

of one or o t h e r aspect) these s h o u l d occur i n 

such s e r i a l l y p r e s e n t e d s t i m u l i . Lindauer found 

t h a t the M response was more p e r s i s t e n t i n the 

s e r i e s s t a r t i n g w i t h the o l d woman than t h a t 

s t a r t i n g w i t h t h e young woman p o i n t i n g out t h a t 

t h i s a l s o o c c u r r e d " f o r s p e c i f i c forms." These 

being s t i m u l i W t o W2 which: 

" r e c e i v e d more M and l e s s W responses 
than expected i n the M-W (old-young 
woman)group w h i l e the reverse e f f e c t 
was shown i n the o p p o s i t e group..." 

. . . " t h i s a l s o tended t o be t r u e of the 
response t o the unambiguous M form." ( p . 912) 

Lindauer p o i n t s out t h a t : 

"a q u e s t i o n then may be r a i s e d as t o 
whether the responses o f the groups 
were t o some e x t e n t due t o the 
nature o f the s t i m u l i r a t h e r than the 
r e s u l t o f the s e t " ( p . 913). 

c o n s i d e r i n g t h a t an unequal degree o f a m b i g u i t y 

among the forms may account f o r t h e poor W e f f e c t s 

C e r t a i n l y i t would seem t h a t the r e s u l t s o f the W 

forms, as r e p r e s e n t e d by W t o W2 would support t h i 
i de a. 
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The Ss were able t o v e r b a l l y respond not 

only as young or o l d woman but c o u l d a l s o respond as 

n e i t h e r . I f b o t h aspects were seen they were 

i n s t r u c t e d t o r e p o r t the f i r s t aspect n o t i c e d . 

Assuming the Ss were naive t o the s e r i e s o f 

p i c t u r e s and given t h a t they were s p e c i f i c a l l y 

i n s t r u c t e d t h a t they were t o be shown a " s e r i e s o f 

p i c t u r e s c o n t a i n i n g e i t h e r an o l d or young woman" 

then a q u e s t i o n must be r a i s e d about the e f f e c t s 

o f p r i o r experience i n t h i s experiment as 72% o f 

the responses r e p r e s e n t i n g i n a b i l i t y t o l a b e l the 

forms (the s e b e i n g o n l y 7% o f the t o t a l responses) 

o c c u r r e d among the middle forms W2 t o , i . e . 

a f t e r 2 r e l a t i v e l y unambiguous v e r s i o n s had been 

observed. Such a f a i l u r e o f p r i o r experience may 

repr e s e n t s t i m u l u s problems r a t h e r than i n t e r p r e t a t i o n 

problems by the Ss. Thi s i s f u r t h e r suggested by 

c o n s i d e r i n g t h e evidence o f B u g e l s k i and Alampay 

(1961) t h a t the i n t e r p r e t a t i o n a f f o r d e d an 

ambiguous f i g u r e can be l a r g e l y determined by a 

pre c e d i n g s i n g l e s e t - i n d u c i n g p i c t u r e . 

I n a s e r i e s of experiments E p s t e i n and Rock 

(1960) f u r t h e r extended Leeper's work. Again 

they used t h r e e v e r s i o n s o f Bor i n g ' s f i g u r e ( t h e s e 

are not r e p r e s e n t e d i n the a r t i c l e , but may w e l l 

be those i l l u s t r a t e d by Ne i s s e r , 1967), as w e l l as 

Schafer and Murphy (1943) t y p e f i g u r e s . T h e i r 

aim was t o s e t up s i t u a t i o n s i n which expectancy 
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was p i t t e d a g a i n s t r e c e n c y and frequency. T h i s 

was a c h i e v e d by i n s t r u c t i n g a S t h a t he would be 

shown a s e r i e s of f o u r s t i m u l i , t h r e e of which 

would be A and one of which would be B, but 

i n s t e a d was shown the s e r i e s A, A, A, A/B 

(ambiguous A and B v e r s i o n ) . I n t h i s s i t u a t i o n 

expectancy would p r e d i c t t h a t the S would 

p e r c e i v e B, whereas r e c e n c y and frequency would 

p r e d i c t t h a t A would be p e r c e i v e d . 

The s t i m u l i were e x p o s e d f o r 0.5s except f o r 

the ambiguous s t i m u l i when an exposure of 0.2s was 

used to reduce the p o s s i b l e o c c u r r e n c e of both 

r e s p o n s e s . I n t h e i r f i r s t experiment 72% of the 

responses were i n a c c o r d w i t h a f r e q u e n c y / r e c e n c y 

h y p o t h e s i s and 28% were as would be p r e d i c t e d by 

expectancy. F u r t h e r experiments e l a b o r a t e d the 

major r o l e of r e c e n c y as a g a i n s t expectancy or 

frequency f o r d e t e r m i n i n g the subsequent 

p e r c e p t i o n of an ambiguous v e r s i o n of a p r e v i o u s l y 

p r e s e n t e d p i c t u r e - T h i s i s s i m i l a r to L e e p e r ' s 

(1935) f i n d i n g of p r i o r v e r b a l i n s t r u c t i o n s 

( e x p e c t a n c y ) h a v i n g l i t t l e e f f e c t compared to 

p r i o r v i s u a l e x p e r i e n c e ( r e c e n c y ) . 

Bruner and Minturn (1955) used a s i m i l a r 

paradigm to E p s t e i n and Rock, by showing e i t h e r 

four numbers or four l e t t e r s f o l l o w e d by '13'. 

Ss e i t h e r p e r c e i v e d t h i s as the number 13 i n the 

former c a s e or as the l e t t e r B i n the l a t t e r 

c o n d i t i o n . T h i s was i n t e r p r e t e d as demonstrating 
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the e f f e c t s of s e t a f f e c t i n g the degree of c l o s u r e 

of the s t i m u l u s although i t c o u l d a l s o be 

i n t e r p r e t e d as i l l u s t r a t i n g the e f f e c t s of 

p e r c e p t u a l r e c e n c y . Bruner and P o t t e r (1964) 

f u r t h e r demonstrated the e f f e c t of p e r c e p t u a l 

p r i o r e x p e r i e n c e by showing t h a t r e c o g n i t i o n of 

a p i c t u r e was slowed by f i r s t showing i t out of 

focus and then g r a d u a l l y b r i n g i n g i t i n t o f o c u s . 

A l t e r n a t i v e l y , when a p i c t u r e was f i r s t shown 

p r o p e r l y f o c u s s e d and then d e f o c u s s e d i t was 

p o s s i b l e to m a i n t a i n the p r e v i o u s p e r c e p t i o n f o r 

some time. 

E p s t e i n and De Shazo (1961) confirmed the 

e f f e c t s of r e c e n c y u s i n g S c h a f e r and Murphy type 

f i g u r e s . They h y p o t h e s i s e d t h a t i n the E p s t e i n 

and Rock experiments, p r i o r to the appearance of 

the response to the ambiguous s t i m u l u s , t h e r e 

o c c u r r e d a p e r i o d of r a p i d p e r c e p t u a l o s c i l l a t i o n 

d u r i n g which: 

• •'•'the v a r i o u s o r g a n i s e d a l t e r n a t i v e s 
appear and memory t r a c e s e l e c t i o n 
o c c u r s on the b a s i s of d i s t i n c t i v e 
s i m i l a r i t y . Once the t r a c e i s 
s e l e c t e d , i t can then e n t e r i n t o the 
l a b i l e p r o c e s s and determine i t s 
f u r t h e r development," 

(p.223) 

T h i s was t e s t e d i n an experiment i n which a g a l v a n i c 

s k i n response ( GSR ) was f i r s t c o n d i t i o n e d to one 

a s p e c t . The ambiguous composite s t i m u l u s was then 

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

e f f e c t of the o t h e r a l t e r n a t i v e , i . e . i t was 
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preceded by the o t h e r a s p e c t . Thus, a c c o r d i n g to 

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

be p e r c e i v e d , but a l s o a GSR noted. T h e i r 

r e s u l t s showed t h a t 38.9% of t h e i r Ss who gave the 

recency response d i d so accompanied by a 

c o n d i t i o n e d GSR . They conclude t h a t t h i s low 

percentage i s as would be p r e d i c t e d by assuming 

such r a p i d o s c i l l a t i o n o c c u r s , i . e . d u r i n g the 

r a p i d o s c i l l a t i o n the r e c e n c y a l t e r n a t i v e would 

f i r s t appear f o r some Ss , whereas f o r o t h e r s the 

a l t e r n a t i v e a s p e c t would appear and then be 

r e p l a c e d by the r e c e n c y one. The GSR only 

appearing f o r the l a t t e r S s . 

36 of t h e i r Ss p e r c e i v e d the most r e c e n t 

a s p e c t and 9 the non-recent. However, 15 saw both, 

these Ss were e x c l u d e d from the percentage f i g u r e 

given above. T h i s 'both' response was a t t a i n e d 

f o r the ambiguous s t i m u l i which were only exposed 

f o r 0.01 seconds. 

Farrow and Santos (1962) have c r i t i c i s e d both 

E p s t e i n and Rock and a l s o E p s t e i n and De Shazo's 

work a r g u i n g t h a t t h e i r r e c e n c y e f f e c t s may be due 

to the p a r t i c u l a r p r o c e d u r a l f a c t o r s they employed. 

To support t h i s they c i t e the work of S o l l y and 

Santos (1958) who used the Necker cube i n ' b i a s e d ' 

v e r s i o n s as w e l l as i t s u s u a l form. When the d a t a 

of t h i s experiment was c o n s t r u e d i n terms of 

recency v e r s u s non-recency e f f e c t s then i t 
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demonstrated an almost e q u a l d i v i s i o n of e v i d e n c e 

such t h a t from t h e i r f i r s t t e s t t r i a l 103 

responses were as would be p r e d i c t e d by r e c e n c y 

and 122 r e s p o n s e s by non-recency. They f u r t h e r 

quote u n p u b l i s h e d work by Santos which again gave 

v i r t u a l l y the same d i s t r i b u t i o n f o r recency and 

non-recency r e s u l t s . 

F u r t h e r p o i n t s must be made of E p s t e i n and 

Rock's work. I n the f i r s t experiment, out of 

the 40 Ss used w i t h the S c h a f e r and Murphy 

f i g u r e s , 17 were e x c l u d e d from the d a t a because 

"the s i t u a t i o n f a i l e d to induce an unambiguous 

expectancy or because t h e i r r e s p o n s e s were 

e q u i v o c a l . " Out of the 40 Ss exposed to B o r i n g ' s 

f i g u r e 12 Ss were e x c l u d e d f o r s i m i l a r r e a s o n s . 

T h i s means t h a t 36.25% of the t o t a l number of Ss 

were e x c l u d e d from the a n a l y s i s , although t h e i r 

r e s u l t s t a b l e i n d i c a t e s t h a t a l l 80 Ss' data was 

used. T h i s i s somewhat i n c o n s i s t e n t . 

Furthermore, d e s p i t e the ambiguous v e r s i o n s 

only being p r e s e n t e d f o r 0,25s both types of 

p i c t u r e r e c e i v e d a s m a l l p r o p o r t i o n of 'both-

a s p e c t s ' response. These numbers being o n l y 2 f o r 

B o r i n g ' s f i g u r e and 9 f o r the S c h a f e r and Murphy 
i i 

f i g u r e . The o c c u r r e n c e of a both response i s 

p a r t i c u l a r l y i n t e r e s t i n g i n such a s h o r t p r e s e n t a t i o n 

time. The p r e - e x p e r i m e n t a l i n s t r u c t i o n s gave no 

reason f o r Ss to expect a p o s s i b l e ambiguous s t i m u l u s 
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which could be i n t e r p r e t e d e i t h e r way, thus a both 

response must to some e x t e n t , b e s i d e s an expectancy 

or recency e f f e c t , be governed by the p h y s i c a l 

s i m i l a r i t y of the ambiguous to the non-ambiguous 

forms. 

A p r o j e c t i o n t a c h i s t o s c o p e was used to 

p r e s e n t the s t i m u l i , w i t h no c o n t r o l of f i x a t i o n , 

thus, the i n i t i a l f i x a t i o n p o s i t i o n c o u l d a l s o 

p o s s i b l y a f f e c t which a s p e c t was f i r s t r e p o r t e d . 

T h i s i s p a r t i c u l a r l y so f o r S c h a f e r and Murphy 

type s t i m u l i where the ambiguous f i g u r e i s a 

h o r i z o n t a l composite of a l e f t - h a n d and a r i g h t 

hand p o s s i b l e f i g u r e . Thus f i x a t i n g to the l e f t 

or r i g h t of the c e n t r e of the s t i m u l u s p r e s e n t e d 

i s v e r y l i k e l y to determine the f i r s t response. 

A response of 'both a s p e c t s ' c o u l d be due to 

f i x a t i o n p o s i t i o n i n combination w i t h the 

ambiguous form b e i n g a composite. 

The two a s p e c t s of B o r i n g ' s f i g u r e are not 

so g r o s s l y s p a t i a l l y s e p a r a t e d and so the i n i t i a l 

f i x a t i o n p o s i t i o n would not be expected to have as 

g r e a t an e f f e c t . A l s o the ambiguous form i s not 

the a d d i t i v e composite of the two unambiguous 

forms. These f a c t o r s t o g e t h e r may account f o r 

the lower number of the 'both a s p e c t s ' r e s p o n s e s 

to t h i s f i g u r e . 

I n E p s t e i n and De Shazo's experiment, ambiguous 

S c h a f e r and Murphy p r o f i l e s e l i c i t e d a 'both 
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a s p e c t s ' response f o r 15 out of 60 Ss ( 2 5 % ) 

d e s p i t e a t a c h i s t o s c o p i c exposure time to p r e v e n t 

such'both' r e s p o n s e s of 0.01 s. F i x a t i o n 

p o s i t i o n again was not c o n t r o l l e d , s t i m u l i b eing 

p r e s e n t e d by a p r o j e c t i o n t a c h i s t o s c o p e . A 

vi e w i n g d i s t a n c e of 45 cms was used but no 

f u r t h e r i n f o r m a t i o n i s given about the v i s u a l 

s i z e of the s t i m u l i . S i m i l a r 'both' r e s p o n s e s 

were r e p o r t e d i n o t h e r experiments of E p s t e i n and 

Rock ( 1 9 6 0 ) . 

B u g e l s k i and Alampay (1961) demonstrated 

t h a t s e t s are e a s i l y e s t a b l i s h e d and not e a s i l y 

broken by u s i n g an ambiguous 'rat-man' f i g u r e . 

T h i s was p r e s e n t e d a f t e r a v a r i a b l e number of 

e i t h e r human or animal drawings. A p p a r e n t l y only 

a " s l i g h t h i n t " needs to be given to induce a 

subsequent p e r c e p t i o n i n t h a t when the ambiguous 

f i g u r e was preceded by only one p i c t u r e of e i t h e r 

a c a t or a l a d y then 75% of the Ss r e p o r t e d t h a t 

the ambiguous p i c t u r e was of a r a t or a man 

r e s p e c t i v e l y . When Ss were s u b s e q u e n t l y shown 

the ambiguous f i g u r e again a f t e r an i n t e r v e n i n g 

s e r i e s of p i c t u r e s d e p i c t i n g the o p p o s i t e a s p e c t 

then t h i s second a s p e c t was r e a d i l y adopted i f 

only 1 or 2 s e t - i n d u c i n g s t i m u l i had been used i n 

the f i r s t phase. Although, i n most c a s e s t h e r e 

was not a s i g n i f i c a n t l o s s of the o r i g i n a l s e t . 

T h i s demonstrates t h a t s e t s a r e e a s i l y e s t a b l i s h e d 

and not e a s i l y broken. However, F o r s y t h and Huber 
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(1976) have demonstrated i n d i v i d u a l d i f f e r e n c e s 

w ith such'human non human ambiguous f i g u r e s 

i n c l u d i n g the 'rat-man' f i g u r e and so c a r e may 

be needed i n u s i n g t h i s f i g u r e to examine the 

e f f e c t s of p r i o r e x p e r i e n c e . 

To sum up then, p r i o r e x p e r i e n c e can a f f e c t 

the subsequent p e r c e p t i o n of f i g u r e i n a 

subseq u e n t l y p r e s e n t e d s t i m u l u s . P r i o r v i s u a l 

e x p e r i e n c e b e i n g b e t t e r than p r i o r v e r b a l 

d e s c r i p t i o n s . Whether the e f f e c t of such v i s u a l 

e x p e r i e n c e i s due to expectancy, recency or 

frequency of the p r i o r p r e s e n t a t i o n s has been 

i n v e s t i g a t e d . R e s u l t s suggest t h a t the most 

r e c e n t l y p r e s e n t e d a l t e r n a t i v e w i l l be p e r c e i v e d 

i n a s u b s e q u e n t l y viewed s t i m u l u s which can g i v e 

r i s e to t h i s or another a l t e r n a t i v e . The o c c u r r e n c e 

of a 'both a s p e c t s ' response to the su b s e q u e n t l y 

p r e s e n t e d ambiguous s t i m u l u s i s c o n s i d e r e d 

i n t e r e s t i n g as i t would seem dependent on both the 

i n i t i a l f i x a t i o n p o s i t i o n of the S on t h i s s t i m u l u s 

t o g e t h e r w i t h the degree of s i m i l a r i t y between t h i s 

and the ' p r i o r e x p e r i e n c e ' s t i m u l i . 

The p o i n t e l a b o r a t e d here i s the need to 

c a r e f u l l y u nderstand the e x a c t n a t u r e of the 

d i f f e r e n c e s between such s t i m u l i b e f o r e they are 

used i n t h i s type of work. To t h i s e x t e n t the 

comments made are proposed as m o d i f i e r s such t h a t 

p r i o r e x p e r i e n c e may be e f f e c t i v e f o r p a r t i c u l a r Ss 

i n p a r t i c u l a r s i t u a t i o n s . 
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2.5.8. Summary 

Observer v a r i a b l e s a r e important i n how 

s t i m u l i which can g i v e r i s e to more than one 

i n t e r p r e t a t i o n are p e r c e i v e d . The o b s e r v e r 

n a i v e t y t o g e t h e r w i t h the i n s t r u c t i o n s given by 

the experimenter can a f f e c t whether more than 

the one p o s s i b l e a s p e c t i s e l i c i t e d f o r the 

same s t i m u l u s . I n d i v i d u a l d i f f e r e n c e s e x i s t 

between Ss i n the p e r c e p t i o n of such s t i m u l i . 

These may r e f l e c t v a r i o u s f a c t o r s such as age, 

sex, i n t e l l i g e n c e , or p e r s o n a l i t y d i f f e r e n c e s . 

The m o t i v a t i o n of the o b s e r v e r may w e l l be 

important but i n v e s t i g a t i o n s are i n c o n c l u s i v e 

about i t s e f f e c t s . P r i o r e x p e r i e n c e of the 

o b s e r v e r w i t h the same or s i m i l a r s t i m u l i does 

a f f e c t the subsequent p e r c e p t i o n of a s t i m u l u s . 

The p o i n t has been e l a b o r a t e d t h a t the s i m i l a r i t y 

of such s t i m u l i as w e l l as knowing where the S i s 

l o o k i n g on the s t i m u l u s i s important, 

2.6. A BRIEF SYNOPSIS 

The p e r c e p t i o n of f i g u r e i n a s t i m u l u s 

depends upon s e v e r a l f a c t o r s , Some of t h e s e a r e 

parameters which are p e r t i n e n t to the s t i m u l u s 

d i s p l a y such as the s i z e of the p o s s i b l e a l t e r n a t e 

f i g u r e a r e a s , complexity, or hue of the s t i m u l u s . 

Both the i n s t r u c t i o n s and response t e c h n i q u e s used 
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can a l s o a f f e c t whether f l u c t u a t i o n s of the s t i m u l u s 

appearance are a p p r o p r i a t e l y r e p o r t e d . 

The s i z e of the d i s p l a y i t s e l f i s important as 

to whether eye movements p l a y any p a r t i n the 

r e p o r t e d f l u c t u a t i o n of the s t i m u l u s . V a r i o u s 

v i e w i n g c o n d i t i o n s have been u t i l i s e d which e i t h e r 

a f f e c t the a v a i l a b l e cues to each a s p e c t or e l s e 

seek to r e c o r d or e l i m i n a t e eye movements d u r i n g 

viewing. Eye movements may p l a y a r o l e and 

evidence i n d i c a t e s t h a t s e l e c t i v e v i s u a l a t t e n t i o n 

i s c e r t a i n l y i mportant. I t i s suggested t h a t the 

p o s s i b l e r o l e of eye movements has not been 

adequately i n v e s t i g a t e d . 

V a r i o u s o b s e r v e r v a r i a b l e s have been s t u d i e d . 

The most i n t e r e s t i n g i s the p o s s i b l e r o l e of p r i o r 

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

v a r i a t i o n s i n the s t i m u l u s d i s p l a y have been 

employed. The e x a c t nature of how such v a r i a t i o n s 

are or a r e not e f f e c t i v e i n a l t e r i n g the subsequent 

p e r c e p t i o n of a s t i m u l u s as one or o t h e r p o s s i b l e 

a s p e c t has not been e l a b o r a t e d by p r e v i o u s work. 

Eye movements have not been r e c o r d e d i n such s i t u a t i o n s 

I t i s proposed t h a t such movements or a t t e n t i o n 

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

employed a r e important parameters a f f e c t i n g such 

p r i o r e x p e r i e n c e r e s e a r c h . 
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2.7. VARIATIONS OF AMBIGUOUS FIGURES 

I n the p r e v i o u s d i s c u s s i o n of the ' p r i o r 

e x p e r i e n c e ' s t u d i e s i t was suggested t h a t the 

exac t nature of the d i f f e r e n c e s between the b i a s e d 

and ambiguous v e r s i o n s of an ambiguous f i g u r e 

c ould p o s s i b l y a f f e c t the r e s u l t s of such 

e x p e r i e n c e . Some workers have c o n s t r u c t e d 

s e v e r a l v e r s i o n s of the same ambiguous f i g u r e . 

T h i s i s now c o n s i d e r e d . 

F i s h e r (1968a,b)was i n t e r e s t e d i n the commonly 

made assumption t h a t the two a s p e c t s i n an 

ambiguous f i g u r e are a l l e g e d to have an equ a l 

p r o b a b i l i t y of being p e r c e i v e d ' f i g u r e ' by a 

s u b j e c t . He d e v i s e d numerous ambiguous f i g u r e s , 

drawing t h e s e i n s e v e r a l v e r s i o n s so as to appear 

b i a s e d towards one or o t h e r of the two p o s s i b l e 

a s p e c t s . I n t h i s way f o r each s t i m u l u s f i g u r e 10 

drawings i n c r e a s i n g l y emphasised one a s p e c t and 

10 i n c r e a s i n g l y r e p r e s e n t e d the o t h e r . F i s h e r 

then s u b j e c t e d t h e s e 20 v e r s i o n s of the same 

s t i m u l u s to a group of 20 Ss who were " s o p h i s t i c a t e d 

i n the sense of ha v i n g been made f u l l y aware of the 

purpose of the st u d y . " These Ss were asked t o 

s e l e c t both a c e n t r a l ambiguous s t i m u l u s and 7 

v e r s i o n s each s i d e of t h i s "graded i n such a way 

th a t the d i f f e r e n c e between each a d j a c e n t p a i r 

was approximately the same." F i s h e r then 

p r e s e n t e d the s e l e c t e d 15 to 200 i n d i v i d u a l s and 
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determined the number of r e s p o n s e s i n d i c a t i n g the 

f i r s t - n a m e d a s p e c t which were r e p o r t e d . By t h i s 

means he a r r i v e d a t a v e r s i o n of the s t i m u l u s 

f i g u r e which was 'equi-probable' ( i . e . judged 

ambiguous by t h e s e l a t t e r S s ) . 

The r e s p o n s e s o b t a i n e d f o r 8 such s t i m u l i 

are shown i n F i g u r e 2.5 . What i s e v i d e n t 

i s t h a t t h e r e i s f i r s t l y no markedly smooth 

t r a n s i t i o n from each of the v e r s i o n s to the next 

i n the same s e r i e s . T h i s i s i n c o n t r a s t to 

F i s h e r ' s i n i t i a l s e l e c t i o n procedure which was to 

o b t a i n an e q u a l l y spaced s e r i e s . Secondly, i t i s 

a l s o e v i d e n t t h a t some v e r s i o n s of the same 

f i g u r e appear to be m i s p l a c e d i n the s e r i e s . 

F i s h e r adopted the c r i t e r i o n of d e t e r m i n i n g 

the 'ambiguous' v e r s i o n by a s c e r t a i n i n g i f the 

r e s p o n s e s l a y between + 2 s t a n d a r d d e v i a t i o n s of 

the sampling d i s t r i b u t i o n mean. By doing t h i s he 

only found one of the cases where v e r s i o n 8 ( i . e . 

the v e r s i o n i n i t i a l l y chosen by the s o p h i s t i c a t e d 

S s ) was judged ambiguous by the o t h e r S s . For 4 

of the s t i m u l i v e r s i o n 7 was so judged and f o r 3 

other s t i m u l i v e r s i o n s 5, 8 and 9 were each chosen. 

For the ' c h a l i c e - f a c e ' s t i m u l u s no v e r s i o n met 

t h i s c r i t e r i o n of ambiguity. 

The g e n e r a l i t y of t h e s e l a t t e r judgements i s 

p o s s i b l y enhanced by B a r t o l and P i e l s t i c k (1972) 

who quote u n p u b l i s h e d work u s i n g 5 of F i s h e r ' s 
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KEY: -

• I ion and Rose 

0 P i r a t e and Rabbit 

ORabbit and Duck 

• Boring's f i g u r e 

A Husband and Father-in-law 

• S n a i l arid Elephant 

V C h a l i c e and Faces 

•Gypsy and G i r l 

F i g u r e 2.5 The number of o c c a s i o n s when the f i r s t - n a m e d 
a s p e c t of 8 ambiguous f i g u r e s was f i r s t r e p o r t e d . 
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s e r i e s of ambiguous f i g u r e s . For 3 of t h e s e they 

found the same v e r s i o n r e p o r t e d 'ambiguous' as 

did F i s h e r . For one of the s t i m u l i used F i s h e r 

r e p o r t s no data and f o r the remaining s t i m u l u s 

they found ambiguity judged t o belong to a 

d i f f e r e n t v e r s i o n from F i s h e r . 

In the i n i t i a l s e l e c t i o n procedure of the 15 

vers i o n s , u s i n g the s o p h i s t i c a t e d Ss, F i s h e r notes 

t h a t : 

"even when such r e l a t i v e l y l a r g e number 
of a l t e r n a t i v e s a r e a v a i l a b l e , 
disagreement f r e q u e n t l y a r i s e s over 
which f i g u r e s h o u l d be i n c l u d e d w i t h i n 
the f i n a l s e l e c t i o n . T h i s n e c e s s i t a t e s 
i n t r o d u c i n g f u r t h e r m o d i f i c a t i o n s i n t o 
them u n t i l agreement i s rea c h e d . " (p. 68, 1968b) 

These m o d i f i c a t i o n s were made u n t i l the 15 v e r s i o n s 

were agreed upon. 

F i s h e r here seems to be o v e r l o o k i n g a most 

f a s c i n a t i n g p o i n t . T h i s i s t h a t he does not c o n s i d e r 

how the d i f f e r e n t v e r s i o n s a c t u a l l y do d i f f e r from 

one another. In the c a s e s j u s t d e s c r i b e d where 

disagreement e x i s t e d and m o d i f i c a t i o n s were made to 

the drawings u n t i l agreement was reached he does not 

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

were. I n i n i t i a l l y drawing the d i f f e r e n t v e r s i o n s 

he h i m s e l f must have an i n t u i t i v e i d e a of what 

' f e a t u r e s ' of the s t i m u l u s must p r o g r e s s i v e l y be 

changed from the one extreme v e r s i o n t o the o t h e r . 

C a s u a l i n s p e c t i o n of any of h i s s e r i e s of drawings 

i n d i c a t e s t h a t he changes s e v e r a l t h i n g s between 
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two c o n s e c u t i v e v e r s i o n s i n a s e r i e s . These i n c l u d e 

changes i n l e n g t h of l i n e s , degree of c l o s u r e of 

a r e a s and t e x t u r e . F i g u r e 2 . 6 i l l u s t r a t e s h i s 15 

v e r s i o n s of B o r i n g ' s f i g u r e . 

The p o i n t made here i s t h a t what may 

p r i m a r i l y be important f o r the s e r i e s of s t i m u l u s 

v e r s i o n s i s a change i n p a r t i c u l a r ' f e a t u r e s ' or 

p a r t i c u l a r p a r t s of the p i c t u r e . For the moment 

the word f e a t u r e i s used i n an e m p i r i c a l sense to 

r e f e r to p a r t s of the s t i m u l u s f i g u r e such as 

s p e c i f i c a r e a s of t e x t u r e or a p a r t i c u l a r l i n e i n 

the s t i m u l u s . Disagreement between t h e s e Ss may 

have been r e s o l v e d when some p a r t i c u l a r p a r t of 

the s t i m u l u s was s l i g h t l y a l t e r e d . Furthermore, 

the s e r i e s of such v e r s i o n s may r e f l e c t a g r a d u a l 

a l t e r a t i o n i n p a r t s of the s t i m u l u s which a r e h i g h l y 

r e l e v a n t f o r each p a r t i c u l a r a s p e c t . Thus, 

emphasising s p e c i f i c p a r t s ^ o r f e a t u r e s , r e l e v e n t 

to one a s p e c t w h i l e degrading those p a r t s r e l e v a n t 

to the o t h e r a s p e c t w i l l l e a d to more i n i t i a l 

r e s ponses of the f i r s t a s p e c t . I n c o n t r a s t , 

degrading the former p a r t s and emphasising the 

l a t t e r w i l l f avour the second a l t e r n a t i v e a s p e c t . 

What F i s h e r ' s work c o n c e a l s i s j u s t what p a r t s of 

the s t i m u l u s need to be so a l t e r e d . I t may be t h a t 

only s p e c i f i c p a r t s need to be a l t e r e d , but by not 

knowing which are the r e l e v a n t p a r t s to s t a r t w i t h , 

then s i m p l y a l t e r i n g a v a r i e t y of d i f f e r e n t f e a t u r e s 
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Figure 2.6 The 15 v e r s i o n s of Boring's ambiguous f i g u r e . 
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u n t i l agreement between Ss i s reached, does not 

permit any d e t e r m i n a t i o n of t h i s . 

F o r s y t h and Huber (1976) used 10 

ambiguous f i g u r e s r e p r e s e n t i n g 'human non-human' 

a s p e c t s , r e p o r t i n g t h a t "minor p h y s i c a l 

a l t e r a t i o n s of each s t i m u l u s was made i n o r d e r 

to a c h i e v e human r e s p o n s e s from approximately 50% 

of a c o l l e g e freshman sample." 

In C h a s t a i n and Burnham's (1975) work they 

i n i t i a l l y determined 2 b i a s e d and one ambiguous 

v e r s i o n of the 'rat-man' f i g u r e by h a v i n g an 

a r t i s t draw 9 v e r s i o n s of the f i g u r e so t h a t " f o u r 

i n c r e a s i n g l y emphasised man f e a t u r e s , f o u r 

i n c r e a s i n g l y emphasised r a t f e a t u r e s , and one was 

presumed n e u t r a l . " Ss were then shown these, b e i n g 

t o l d t h a t some would look more l i k e a man and 

o t h e r s more l i k e a r a t . Responses were on a 

numbered s c a l e , l i m i t e d to v a r i a t i o n s between t h e s e 

two i n t e r p r e t a t i o n s . The f i n a l two unambiguous 

s t i m u l i and ambiguous s t i m u l u s chosen were those 

c l o s e s t to the 2 5 t h ' 7 5 t h , and 5 0 t h p e r c e n t i l e s 

r e s p e c t i v e l y . P o r t i o n s of t h e s e s t i m u l i were then 

shown i n subsequent experiments i n a segmented 

f a s h i o n , the e x p e r i m e n t e r s c h o o s i n g two segments 

as r e p r e s e n t i n g u n e q u i v o c a l man and r a t p e r c e p t i o n . 

T h i s experiment has been d i s c u s s e d e a r l i e r i n 

s e c t i o n 2.3.4. C h a s t a i n and Burnham p r e s e n t no 

e v i d e n c e to support the i m p l i c i t i d e a t h a t the S s ' 
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choice o f such s t i m u l i were due t o such s p e c i f i c 

s e c t o r i n f o r m a t i o n . The d i f f e r e n c e s between the 

th r e e v e r s i o n s they show e x i s t i n s e v e r a l 

d i f f e r e n t p l a c e s on the s t i m u l i ( F i g u r e 2.1 ). 

Again the p o i n t i s made t h a t j u s t what the main 

f e a t u r e changes were between the 9 s t i m u l i which 

a f f e c t e d t h e Ss responses i n t h i s manner i s 

p a r t i c u l a r l y i n t e r e s t i n g . I t may be t h a t s p e c i f i c 

changes i n the s e c t o r areas desi g n a t e d by Chastain 

and Burnham f o r these two aspects are the 'prime' 

changes a f f e c t i n g the p e r c e p t i o n o f these aspects 

but they p r e s e n t no evidence t o support t h i s . The 

need t o s y s t e m a t i c a l l y d e f i n e t h e e f f e c t 

p a r t i c u l a r f e a t u r e s o r s t i m u l u s areas have upon 

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

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

subsequent p e r c e p t i o n . 

2.8. STIMULUS ELEMENTS AND SELECTIVE ATTENTION 

The q u e s t i o n t h a t can now be asked i s whether 

s p e c i f i c p a r t s o f an ambiguous o r r e v e r s i b l e 

p e r s p e c t i v e s t i m u l u s can be i d e n t i f i e d as be i n g 

i m p o r t a n t f o r the p e r c e p t i o n as f i g u r e o f one or 

o t h e r aspect. The p e r c e p t i o n o f f i g u r e i n these 

s t i m u l i may then be r e l a t e d t o eye movements which 

serve t o cause the S t o s e l e c t i v e l y a t t e n d t o such 

d i f f e r e n t areas. I f i t i s p o s s i b l e t o i d e n t i f y 
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removing o r adding) these p a r t s ought t o produce 

a p r e d i c t a b l e e f f e c t upon the p e r c e p t i o n o f the 

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

The f i r s t c l a r i f i c a t i o n t o be made i s a d e f i n i t i o n 

of what i s meant by ' s p e c i f i c p a r t s ' o f a p i c t u r e . 

The term ' f e a t u r e ' i s o f t e n used i n psychology, 

w i t h o u t b e i n g d e f i n e d , t o r e f e r t o some s t i m u l u s 

a t t r i b u t e . This term ' f e a t u r e ' seems a p p l i c a b l e t o 

s t i m u l u s a t t r i b u t e s t o which p a r t s o f the v i s u a l 

system are s e l e c t i v e l y s e n s i t i v e (e.g. l i n e s , a n g l e s ) . 

Such f e a t u r e d e t e c t o r s i n the v i s u a l system 

e s s e n t i a l l y reduce the redundancy pr e s e n t i n the 

s t i m u l u s i n f o r m a t i o n (Barlow, Narasimhan and 

Rosenfeld, 1972). S u t h e r l a n d (1973) has 

d i s t i n g u i s h e d 3 classes o f such f e a t u r e s : l o c a l 

f e a t u r e s (e.g. j u n c t i o n s o f l i n e s ) , g l o b a l f e a t u r e s 

(e.g. symmetry) and c o n c a t e n a t i o n s o f l o c a l f e a t u r e s . 

N e u r o p h y s i o l o g i c a l work (e.g. Hubel and Wiesel, 

1962, 1968) has demonstrated the e x i s t e n c e o f a 

v a r i e t y o f c e l l s which s e l e c t i v e l y respond t o 

p a r t i c u l a r s t i m u l u s a t t r i b u t e s i n an e s s e n t i a l l y 

s e r i a l and h i e r a r c h i c a l f a s h i o n . For example, simple 

c o r t i c a l c e l l s can be regarded as l i n e o r edge 

d e t e c t o r s , complex c e l l s as s l a n t d e t e c t o r s (Cornsweet, 

1970) and hypercomplex c e l l s as d e t e c t o r s o f such 

s t i m u l u s parameters as angles. Evidence a l s o e x i s t s 

t o demonstrate t h a t besides such a s e r i a l f a s h i o n 
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some p a r a l l e l p r o c e s s i n g o f s t i m u l u s a t t r i b u t e s 

by independent a n a l y s e r s a l s o occurs (Saraga and 

S h a l l i c e , 1973; Hawkins, 1969;Peeke and Stone,1973). 

V i s u a l i n f o r m a t i o n i s a l s o encoded by channels 

which are s e l e c t i v e t o p a r t i c u l a r s p a t i a l 

f r e q u e n c i e s (e.g. Cambell and Robson, 1968; 

M a f f e i and F i o r e n t i n i , 1973). 

I t i s proposed here t o use t h e term 'element' 

t o r e f e r t o a l i n e o r c o l l e c t i o n o f l i n e s i n a 

p i c t u r e which may be a c o l l e c t i o n o f i n d i v i d u a l 

f e a t u r e s but which t o g e t h e r r e p r e s e n t an i d e n t i f i a b l e 

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

Thus, i n a l i n e drawing o f a face an 'eye' w i l l 

e s s e n t i a l l y be composed o f s e v e r a l l i n e s , a ngles, 

e t c . , but these separate f e a t u r e s t o g e t h e r 

c o n s t i t u t e an element (an 'eye') which i s recognised. 

T h i s d e f i n i t i o n comes c l o s e t o t h a t used by 

Kennedy (1974) i n d e s c r i b i n g p i c t u r e s and i s s i m i l a r 

t o the ' d i s t i n c t i v e f e a t u r e s ' o f r e a l o b j e c t s 

(Hagen, 1974). With a s t i m u l u s such as a Necker 

cube then an element w i l l be a l i n e , an angle o r 

an area - i n t h i s case the term i n e q u i v a l e n t t o 

the same term used by V i t z and Todd (1971) f o r 

d e s c r i b i n g simple geometric f i g u r e s . 

The f o l l o w i n g w o r k i n g h y p o t h e s i s i s thus 

proposed: any f i g u r e g e n e r a l l y d e p i c t i n g two 

a l t e r n a t i v e p o s s i b l e aspects w i l l be composed o f 

s t i m u l u s elements, some o f which w i l l more r e p r e s e n t 

one aspect than the o t h e r and some which w i l l 
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represent both aspects t o some l e s s e r e x t e n t , 

What i s envisaged i s t h a t across the s t i m u l u s a 

p r o b a b i l i t y d i s t r i b u t i o n o f elements f a v o u r i n g 

aspect A can be c o n s t r u c t e d as can a s i m i l a r 

d i s t r i b u t i o n f o r elements f a v o u r i n g aspect B. 

In these d i s t r i b u t i o n s , some s t i m u l u s elements 

w i l l be i m p o r t a n t f o r each aspect ( i . e . s p e c i f i c 

s t i m u l u s areas w i l l have a h i g h p r o b a b i l i t y o f 

being p e r c e i v e d as one p a r t i c u l a r aspect) and 

ot h e r p a r t s w i l l be e i t h e r e q u i v o c a l o r l e s s 

i m p o r t a n t ( i . e . a l t e r i n g these l e s s e r i m p o r t a n t 

elements w i l l have l i t t l e d e t r i m e n t a l e f f e c t on 

the p e r c e p t i o n o f the f i g u r e ) . These d i s t r i b u t i o n s 

w i l l c o - e x i s t over the s t i m u l u s . The response o f 

which aspect i s p e r c e i v e d as f i g u r e w i l l thus be 

a f u n c t i o n o f the d i s t r i b u t i o n s t o which the 

observer s e l e c t i v e l y a t t e n d s ( e.g. by eye movements). 

Models o f s e l e c t i v e a t t e n t i o n have been 

proposed by Broadbent (1958, 1971) and Treisraan 

(1969) amongst o t h e r s . These models s t r e s s both the 

l i m i t e d c a p a c i t y o f the system and the s e l e c t i v e 

g a t i n g processes i n h e r e n t i n a t t e n t i o n , e.g. 

Broadbent's ' f i l t e r ' or Treisman's a t t e n u a t i o n ' 

concept. P a r t of the a t t e n t i o n process i s the 

s e l e c t i o n o f the a p p r o p r i a t e s t i m u l u s analysers 

Treisman and R i l e y , 1969). Lindsay and Norman ( 1972 ) 

have proposed t h a t a t t e n t i o n m a i n l y c o n s i s t s o f a 

comparison between e x p e c t a t i o n s and the pr o d u c t o f 
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these f e a t u r e analysers . 

Three d i f f e r e n t a t t e n t i o n a l f i e l d s have been 

c h a r a c t e r i s e d by Sanders (1970). The ' d i s p l a y 

f i e l d ' i s the area covered i n a s i n g l e glance 

(some 30^) which i s extended by saccadic eye 

movements up t o about 80° ( t h e 'eye f i e l d ' ) . Head 

movements then f u r t h e r extend t h i s range t o the 

'head f i e l d . ' N eisser (1967) has proposed t h a t 

p r e - a t t e n t i v e processes f i r s t segregate the 

s t i m u l u s i n a g l o b a l manner so t h a t f o c a l a t t e n t i o n 

can occur t o the f i g u r e which a l l o w s i t s f e a t u r e s 

t o be analysed. T h i s process i s e s s e n t i a l l y 

e x t r a - f o v e a l (Hochberg, 1970^) and occurs w i t h i n the 

d i s p l a y f i e l d (Forgus and Melamed, 1976). Lockhead 

(1972) somewhat s i m i l a r l y has suggested t h a t a 

s t i m u l u s i s f i r s t processed as a whole or a 'blob' 

f o l l o w e d , i f the t a s k demands i t , by s e r i a l p r o c e s s i n g 

of the s t i m u l u s a t t r i b u t e s . Treisman, Sykes and 

Gelade (1977) have a l s o p o i n t e d out the importance 

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

l o c a t i o n s i n a s e r i a l f a s h i o n . 

The main i n s t r u m e n t o f such s e l e c t i v e a t t e n t i o n 

i s eye movements. The importance o f Hochberg's 

(1970a)approach i s t h a t i t emphasises t h e way i n 

which such movements are determined by the schematic 

map. Thus, on f i r s t exposure t o a s t i m u l u s the 

p r e - a t t e n t i v e processes w i l l e s s e n t i a l l y segregate 

out a f i g u r e i n terms o f g l o b a l f e a t u r e s f o l l o w e d 
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by an a c t i v e s y n t h e s i s o f the ' a t t e n d e d - t o ' 

i n f o r m a t i o n . 

The schematic map then guides the eye 

movements as these e x p e c t a n c i e s are t e s t e d and 

compared t o the p r o d u c t s o f the d e t a i l e d f o v e a l 

analyses ( c . f . Lindsay and Norman, 1972 ). The r e s u l t 

t h i s process i s the a c t u a l p e r c e p t o f f i g u r e . Thus, 

i f a s t i m u l u s can g i v e r i s e t o d i f f e r e n t 

i n t e r p r e t a t i o n s as f i g u r e then the response w i l l be 

l a r g e l y determined by which elements o f the 

s t i m u l u s the S can s e l e c t i v e l y a t t e n d t o and the 

b i a s o r w e i g h t i n g o f such elements towards one or 

o t h e r aspect. T h i s s e l e c t i v e a t t e n t i o n w i l l be 

'manifested' as eye movements i n s i t u a t i o n s where 

these are p o s s i b l e , whereas, i n o t h e r s i t u a t i o n s 

(e.g. i n t e r n a l l y generated images) such 

s e l e c t i v e a t t e n t i o n may not be determined by eye 

movements. 

2.9. A BRIEF EXPERIMENTAL GUIDE 

The p o s i t i o n taken i n t h i s t h e s i s i s t h a t 

ambiguous and r e v e r s i b l e p e r s p e c t i v e f i g u r e s are 

composed o f elements, some o f which are r e l e v a n t 

t o b o t h o f the major p o s s i b l e aspects. Other 

elements are c o n s i d e r e d as ha v i n g a h i g h e r 

p r o b a b i l i t y o f b e i n g i n t e r p r e t e d as one o f the 

aspects. Thus f o r any such s t i m u l u s i t ought t o be 

p o s s i b l e t o map out these d i s t r i b u t i o n s . The 
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i n i t i a l appearance o f these s t i m u l i w i l l depend 

both upon the past experience and a l s o upon the 

i n i t i a l locus o f f i x a t i o n . T h i s i n i t i a l f i x a t i o n 

l o c a t i o n w i l l h e l p t o determine t h e schematic 

map subsequently t e s t e d ( c . f . Chastain and Burnham, 

1 9 7 5 ) . Other f i x a t i o n s w i l l then be made w i t h an 

a p p r o p r i a t e expectancy. Given t h a t such areas o f 

the p i c t u r e can be i d e n t i f i e d then the i n t e r e s t i n g 

q u e s t i o n can be asked o f what happens when a 

p e r c e p t u a l f l u c t u a t i o n occurs? 

Hochberg argues t h a t p e r c e p t u a l i d l i n g i s the 

main cause o f f l u c t u a t i o n when f i x a t i o n s are made 

w i t h no d e f i n i t e e x p e c t a t i o n and i f an area i s then 

f i x a t e d which f i t s the a l t e r n a t e schematic map then 

t h i s p a r t i c u l a r t e s t programme i s undertaken w i t h 

o t h e r s t i m u l u s areas now be i n g f i x a t e d w i t h t h i s 

l a t t e r expectancy. Does the s u b j e c t then need t o 

f i x a t e an area h i g h l y f a v o u r i n g the a l t e r n a t e 

aspect b e f o r e such a r e v e r s a l occurs or does he 

f i x a t e such an area a f t e r such a r e v e r s a l , i n o r d e r 

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

t h a t f l u c t u a t i o n and change i n f i x a t i o n l o c a t i o n 

occur t o g e t h e r . A l l t h r e e may w e l l happen, but 

w i t h o u t f i r s t d e f i n i n g which areas o f the s t i m u l u s 

are 'biased' elements then t h e r e i s no way t o 

determine any p o s s i b l e causal r e l a t i o n s h i p s between 

eye movement p a t t e r n s , f l u c t u a t i o n s , s t i m u l u s 

p a t t e r n elements, and the p e r c e p t i o n o f f i g u r e . 
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Previous research i n v e s t i g a t i n g t he r o l e o f 

eye movements i n the p e r c e p t i o n o f ambiguous o r 

r e v e r s i b l e p e r s p e c t i v e f i g u r e s has e i t h e r used a 

l a r g e s t i m u l u s , w i t h r e c o r d i n g o f the S's eye 

movements, but i n c o n d i t i o n s i n which the S was 

very aware t h a t t h i s was the case. A l t e r n a t i v e l y , 

i n s t a b i l i s e d image c o n d i t i o n s a r e l a t i v e l y s m a l l 

s t i m u l u s s i z e has tended t o be used, F l u c t u a t i o n s 

i n such i n s t a n c e s p o s s i b l y b e i n g r e l a t e d t o the 

a b i l i t y t o s h i f t a t t e n t i o n around the s t a b i l i s e d 

image (e.g. P r i t c h a r d , 1958). The s t a b i l i s e d 

image c o n d i t i o n i s , however, a u s e f u l approach as 

i t p e r m i t s f o c a l a t t e n t i o n t o be determined t o 

c e r t a i n elements w h i l s t o t h e r s t i m u l u s p a r t s are 

viewed e x t r a - f o v e a l l y . T h i s i s p a r t i c u l a r l y the 

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

p a r t i a l p r e s e n t a t i o n methods where o n l y s p e c i f i c 

areas are viewed. I n t h i s sense the s t a b i l i s e d 

c o n d i t i o n can more n e a r l y approximate a f i x a t i o n 

made at t h i s p o s i t i o n i n normal n o n - s t a b i l i s e d 

v i e w i n g . T h i s i s not t o say i t i s d i r e c t l y 

e q u i v a l e n t t o such normal v i e w i n g o n l y t h a t the 

s t i m u l u s i n f o r m a t i o n t o the S i s s i m i l a r . 

From the f o r e g o i n g d i s c u s s i o n o f the e f f e c t s 

of p r i o r experience and v a r i a t i o n s i n s t i m u l u s 

appearance i t would seem t h a t the choice o f an 

ambiguous f i g u r e r a t h e r than a r e v e r s i b l e p e r s p e c t i v e 

one may more r e a d i l y demonstrate the e x i s t e n c e o f 
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such weighted elements. This i s not t o suggest t h a t 

an e f f e c t found i n the case o f an ambiguous f i g u r e 

w i l l not f u n c t i o n s i m i l a r l y f o r r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s . Only t h a t the former are a 

more s u i t a b l e s t i m u l u s f o r t h i s work. R e v e r s i b l e 

p e r s p e c t i v e f i g u r e s can d e p i c t many p o s s i b l e aspects 

besides any e x p e r i m e n t a l l y determined two 

a l t e r n a t e aspects thus p o s s i b l y c o m p l i c a t i n g any 

study of the d i s t r i b u t i o n o f two schematic maps. 

The f o l l o w i n g e x p e r i m e n t a l hypotheses are 

proposed from the f o r e g o i n g d i s c u s s i o n . These are 

then e l a b o r a t e d and examined i n the subsequent 

chapters. 

I t i s h y p o t h e s i s e d t h a t ambiguous and r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s can be considered as be i n g 

composed o f i d e n t i f i a b l e elements. Some o f these 

elements are s t r o n g l y b i a s e d or weighted toward one 

or o t h e r p a r t i c u l a r aspect. Other elements are not 

so d i f f e r e n t i a l l y weighted towards e i t h e r aspect. 

The response o f f i g u r e t o such a s t i m u l u s i s 

hypothesised t o be a f u n c t i o n o f the element o r 

elements t o which t h e observer can s e l e c t i v e l y 

a t t e n d . The use o f a l a r g e ambiguous f i g u r e i n a 

s t a b i l i s e d v i e w i n g s i t u a t i o n i s suggested t o 

p r o v i d e a good s i t u a t i o n i n which t o examine these 

p r o p o s a l s . These hypotheses are t e s t e d i n Experiment 

1 a f t e r the s e l e c t i o n o f both a s u i t a b l e ambiguous 

f i g u r e and an a p p r o p r i a t e s t a b i l i s e d image t e c h n i q u e . 
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Given t h a t the d i s t r i b u t i o n o f the aspect 

w e i g h t i n g s can be e l a b o r a t e d then i t i s h y p o t h e s i s e d 

t h a t a l t e r i n g (by removing o r adding) p a r t i c u l a r 

weighted elements o f the s t i m u l u s when i t i s 

viewed as a s t a b i l i s e d image should a f f e c t the 

response of f i g u r e o b t a i n e d . That i s ; when the 

weighted elements a v a i l a b l e t o the S a t a giv e n 

f i x a t i o n p o s i t i o n are a l t e r e d then i f t h e response 

of f i g u r e i s determined by the presence o f these 

elements then t h e i r absence should a l t e r the 

response t o t h a t of the a l t e r n a t e aspect. Experiments 

2 and 3 t e s t t h i s . 

The above r e s u l t s ought not t o apply s o l e l y t o 

s t a b i l i s e d image s i t u a t i o n s where the observer's 

f i x a t i o n l o c a t i o n i s determined by the experimenter. 

I t i s hyp o t h e s i s e d t h a t having determined t h e 

e f f e c t i v e n e s s of p a r t i c u l a r elements i n a s t a b i l i s e d 

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

o f the s t i m u l u s i n a f r e e v i e w i n g s i t u a t i o n ought t o 

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

the s t i m u l u s . Experiment 4 examines t h i s . 

Schematic maps are a v a i l a b l e f o r the 'mature' 

observer (Hochberg, 1970a). Thus, i t i s h y p o t h e s i s e d 

t h a t c h i l d r e n may not have such adequate schematic 

maps f o r these v a r i a t i o n s o f t h e ambiguous f i g u r e 

and so age r e l a t e d d i f f e r e n c e s i n the response t o 

such f r e e l y viewed v e r s i o n s s h o u l d be found. These 

d i f f e r e n c e s are proposed t o r e f l e c t the a b i l i t y t o 
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i n t e g r a t e t h e weighted elements i n t o the 

a p p r o p r i a t e map. Younger c h i l d r e n are proposed not 

t o be able t o i n t e g r a t e as w e l l as o l d e r c h i l d r e n . 

Thus, whereas the performance o f o l d e r c h i l d r e n 

should approximate t h a t o f the s u b j e c t s i n the 

p r e v i o u s experiment, a l t e r i n g the weighted elements 

should have a poorer e f f e c t f o r the younger c h i l d r e n . 

This i s s t u d i e d i n Experiment 5. 

Having determined the d i s t r i b u t i o n o f aspect 

w e i g h t i n g s then when eye movements are s e c r e t l y 

recorded w h i l s t a S f r e e l y views the ambiguous 

s t i m u l u s h i s f i x a t i o n l o c a t i o n s are hyp o t h e s i s e d 

t o concur w i t h those elements found i m p o r t a n t f o r 

each aspect. What happens when the s t i m u l u s 

f l u c t u a t e s can then be s t u d i e d . I t i s hypothesised 

t h a t the observer's f i x a t i o n l o c a t i o n s w i l l s h i f t 

from one s t i m u l u s a r e a , f a v o u r i n g one aspect, t o 

another, f a v o u r i n g the a l t e r n a t e aspect.as f l u c t u a t i o n s 

occur. Experiment 6 r e p o r t s t h i s work. 

The s t a b i l i s e d image experiments are presented 

i n Chapter 3 f o l l o w e d i n Chapter 4 by the two f r e e 

v i e w i n g experiments. The design and c o n s t r u c t i o n 

of s u i t a b l e equipment t o r e c o r d the observer's 

eye movements i s d e t a i l e d i n Chapter 5. Eye 

movement r e c o r d i n g s w h i l s t observers viewed the 

ambiguous f i g u r e and i t s v a r i a t i o n s are p r e s e n t o d i n 

Chapter 6. 
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2.10. SUMMARY 

The v a r i o u s parameters which a f f e c t the 

p e r c e p t i o n oi' f i g u r e i n r e v e r s i b l e and ambiguous 

f i g u r e s have been considered. I t i s proposed 

t h a t the r o l e o f eye movements i n the p e r c e p t i o n 

of such s t i m u l i has not been adequately examined. 

Attempts t o generate a l t e r n a t e v e r s i o n s o f 

ambiguous f i g u r e s are suggested t o demonstrate 

the e x i s t e n c e o f p o s s i b l e s t i m u l u s elements 

weighted towards one or o t h e r aspect. The 

p e r c e p t i o n o f f i g u r e i s then a f u n c t i o n o f the 

weighted elements a v a i l a b l e t o an observer a t a 

given f i x a t i o n l o c a t i o n . Eye movements serve t o 

s h i f t the c e n t r e of the observer's a t t e n t i o n about 

the s t i m u l u s d i s p l a y and so the response o f f i g u r e 

i s h y p o t h e s i s e d t o a l t e r as d i f f e r e n t weighted 

elements become more a v a i l a b l e . I t i s proposed 

t h a t Hochberg's t h e o r y ( c . f . Chapter 1) o f f e r s 

an e x p l a n a t i o n f o r how eye movements are r e l a t e d t o 

the p e r c e p t i o n o f such s t i m u l i . F i n a l l y 

e x p e r i m e n t a l hypotheses are generated which are 

examined i n l a t e r c h a p t e r s . 
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C H A P T E R 3 

THE AFTERIMAGE STUDIES 
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3.1. INTRODUCTION 

The p r e v i o u s chapters have l e d t o the 

hypothesis t h a t a s t i m u l u s which can g i v e r i s e 

t o more than the one f i g u r e can be consi d e r e d as 

being composed o f elements. The p e r c e p t i o n o f a 

p a r t i c u l a r aspect as f i g u r e i s proposed t o be a 

r e s u l t o f a combination o f both f i x a t i o n l o c a t i o n 

and the c o n t r i b u t i o n o f these elements o f the 

s t i m u l u s . 

I n t h i s chapter t h i s h y p o t h e s i s i s i n v e s t i g a t e d 

F i r s t l y the ambiguous f i g u r e used i n t h i s and the 

subsequent chapters t o t e s t t h i s h y p o t h e s i s i s 

de s c r i b e d and the s e v e r a l r e p r e s e n t a t i o n s o f i t by 

d i f f e r e n t a u t h o r s are i l l u s t r a t e d . Next a method 

i s e l a b o r a t e d which would a l l o w p r e s e n t a t i o n o f 

the ambiguous f i g u r e t o a S i n such a way t h a t h i s 

f i x a t i o n p o s i t i o n upon the f i g u r e c o u l d be c o n t r o l l e 

This was achieved by u s i n g a s t a b i l i s e d image 

technique. A p i l o t study was c a r r i e d out t o 

determine the best way o f p r e s e n t i n g the s t i m u l u s by 

t h i s method. This r e s u l t e d i n a s i m p l i f i e d l i n e 

drawing o f the ambiguous f i g u r e which i t i s argued 

c o n t a i n s f o u r i m p o r t a n t elements r e l e v a n t t o the 

p e r c e p t i o n o f both aspects. 

By the use of d i f f e r e n t f i x a t i o n p o s i t i o n s 

across the s t i m u l u s the r o l e o f both f i x a t i o n 

p o s i t i o n and p i c t u r e elements are examined i n the 

f i r s t experiment. 
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The second and t h i r d experiments use the 

same s t a b i l i s e d t e c h n i q u e . The second experiment 

i n v e s t i g a t e d the e f f e c t o f the presence o f 

absence o f two o f the elements u s i n g two d i f f e r e n t 

f i x a t i o n p o s i t i o n s . The t h i r d experiment extended 

t h i s study t o a l l f o u r o f the elements. I n 

a d d i t i o n , the second experiment examined the 

i n f l u e n c e o f a l t e r i n g the f i x a t i o n p o s i t i o n upon 

which aspect o f a Necker cube s t i m u l u s was 

r e p o r t e d as f i g u r e . 

3.2. BORING'S AMBIGUOUS FIGURE 

The choice o f s t i m u l u s f i g u r e f o r t h e proposed 

research was Borin g ' s (1930) ambiguous f i g u r e -

T his was s e l e c t e d f o r s e v e r a l reasons. F i r s t l y , 

an ambiguous f i g u r e was p r e f e r r e d t o a r e v e r s i b l e 

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

p r e v i o u s l y i n Chapter 2. Secondly, some authors 

(e.g. Gregory, 1970 ; Hochberg, 1970a)have a l r e a d y 

remarked t h a t one aspect o f the f i g u r e i s f a v o u r e d 

by l o o k i n g a t c e r t a i n r e g i o n s . Hochberg 

s p e c i f i c a l l y s u g g e s t e d ; w i t h o u t c i t i n g any 

e x p e r i m e n t a l evidence, t h a t l o o k i n g i n a p a r t i c u l a r 

area encompassing the nose o f the young woman 

fav o u r s t h i s aspect, whereas a second area i n the 

p i c t u r e , encompassing the mouth o f the o l d woman, 

fa v o u r s t h i s a l t e r n a t e aspect ( F i g u r e 3.2(b)), 
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F i g u r e 3.1 The o r i g i n a l ambiguous f i g u r e drawn by H i l l ( 1 9 1 5 ) 
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T h i r d l y , t h i s i s s i n g u l a r l y the most p o p u l a r l y 

presented example o f an ambiguous f i g u r e and 

t h e r e f o r e i t seemed most a p p r o p r i a t e t o 

i n v e s t i g a t e the e x i s t e n c e o f the aforementioned 

' p i c t o r i a l elements' i n t h i s f i g u r e . 

O r i g i n a l l y p u b l i s h e d by H i l l (1915) under 

the t i t l e !'my w i f e and my mo t h e r - i n - l a w " the 

ambiguous f i g u r e (shown i n F i g u r e 3. i )was 

p o p u l a r i s e d by B o r i n g (1930). B o r i n g s t a t e d t h a t 

i t d e p i c t e d : 

" . . . t h e l e f t p r o f i l e o f a young woman, 
t h r e e - q u a r t e r s from behind. The o t h e r 
f i g u r e i s an o l d woman, t h r e e - q u a r t e r s 
from i n f r o n t . The ear o f the ' w i f e ' 
i s t he l e f t eye o f the 'mother-in-law' 
the l e f t eye-lash of the former i s the 
r i g h t eye-lash o f the l a t t e r ; the jaw 
of the former i s the nose o f the l a t t e r ; 
the neck r i b b o n o f the former, the 
mouth o f the l a t t e r . " (p.445) 

Boring's drawing o f the f i g u r e i s shown i n 

Fig u r e 3.2 ( a ) . Subsequently, t h i s ambiguous f i g u r e 

has appeared i n v a r i o u s t e x t b o o k s o f psychology 

and s c i e n t i f i c papers. T y p i c a l l y i t i s shown i n 

a l e f t f a c i n g d i r e c t i o n , Neisser (1967) alone 

p r e s e n t i n g a r i g h t f a c i n g v e r s i o n ( F i g u r e 3 . 3 , ( b ) ) . 

Gregory has pres e n t e d a s l i g h t l y d i f f e r e n t 

v e r s i o n t o B o r i n g i n t h a t the c h i n o f the o l d 

woman i s cut o f f by the base o f the p i c t u r e and 

the t r e a t m e n t o f the young woman's nose i s l e s s 

emphasised ( F i g u r e 3.2 ( c ) ) . Haber and Hershenson 

(1973) have i l l u s t r a t e d a v e r s i o n c l o s e l y s i m i l a r 

t o t h a t o f B o r i n g , but w i t h o u t B o r i n g ' s t e x t u r e d 
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( a ) B o r i n g (1930) 

( b ) Hochberg (1970a) 

( c ) Gregory (1970) 

(d ) Haber & Hershenson (1973) ( e ) F i s h e r ( 1 9 6 7 a ) 

Figure 3.2 R e p r e s e n t a t i o n s o f the ambiguous f i g u r e 
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shading of h a i r and coat ( F i g u r e 3.2(d)). Attneave 

(1971) uses Boring's o r i g i n a l drawing, whereas, F i s h e r 

(1967a) has a r r i v e d a t y e t another ambiguous 

v e r s i o n o f the f i g u r e ( F i g u r e 3.2(e)). J u l e s z 

(1974) uses Gregory's r e p r e s e n t a t i o n w h i l e Hochberg 

(1970a)has p r e s e n t e d o n l y a very rough drawing ( F i g u r e 3 . 2 ( b ) ) . 

A d d i t i o n a l v e r s i o n s o f the f i g u r e have been 

drawn t o r e p r e s e n t e i t h e r the young woman or the 

o l d woman aspects. Leeper (1935) c o n s t r u c t e d t h r e e 

v e r s i o n s o f the f i g u r e , 2 bias e d towards e i t h e r 

aspect, and one be i n g ambiguous. These are shown 

i n F i g u r e 3 . 3 ( a ) . Leeper's ambiguous v e r s i o n was 

a "somewhat rough copy" of Boring's o r i g i n a l . 

Leeper commented t h a t t h e r e were " q u i t e a few 

d i f f e r e n c e s between the single-phase drawing o f 

the young woman and the p i c t u r e of the young 

woman i n the composite." I n Leeper's o l d woman 

v e r s i o n the nose o f the young woman i s o m i t t e d and 

the l e f t eye o f the o l d woman emphasised. 

Otherwise the f i g u r e i s r a t h e r s i m i l a r t o the 

ambiguous v e r s i o n . For the young woman v e r s i o n , 

however, s e v e r a l major a l t e r a t i o n s are made, e.g. 

the neck i s e l o n g a t e d w i t h the mouth o f the o l d 

woman lengthened i n t o a necklace, the nose o f 

the young woman i s emphasised. The major 

d i f f e r e n c e w i t h t h e young woman v e r s i o n i s i n the 

tr e a t m e n t o f t h e head o u t l i n e which i s c o m p l e t e l y 

a l t e r e d , b e i n g much s m a l l e r . Leeper's v e r s i o n s 
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do not i n c l u d e the f e a t h e r which was pr e s e n t i n 

Boring's drawing. 

I n N eisser's r e p r e s e n t a t i o n o f Leeper's 

v e r s i o n s the head s i z e s are kept the same ( F i g u r e 

3. 3(b)). The o l d woman l a c k s the f e a t h e r p r e s e n t 

i n the ambiguous v e r s i o n and the mouth and nose 

of the o l d woman are e l a b o r a t e d w i t h the removal 

o f the young woman's nose. I n the young woman 

v e r s i o n t h i s l a s t aspect i s emphasised as i s the 

f e a t h e r w i t h the mouth o f the o l d woman, o r 

necklace o f the young woman, b a r e l y p r e s e n t . 

S i m i l a r l y F i s h e r emphasises, i n h i s young 

woman v e r s i o n , the nose o f the young woman w i t h 

the ear b e i n g more ' e a r - l i k e ' and l e s s l i k e an 

eye, a l s o the necklace i s re p r e s e n t e d as a u n i f o r m 

band. I n the o l d woman v e r s i o n the eye i s 

emphasised, the young woman's nose i s absent and 

the mouth o f the o l d woman i s an i r r e g u l a r band 

( F i g u r e 3.2(c). F i g u r e 3.2(d) i s due t o Rock (1975) 

I n c o n s t r u c t i n g these d i f f e r e n t v e r s i o n s each 

author emphasises d i f f e r e n t f e a t u r e s . Although 

t h e r e seems agreement upon emphasis o f the young 

woman's nose f o r the young woman bi a s e d v e r s i o n , 

t o g e t h e r w i t h an a l t e r a t i o n i n t he eye/ear and 

mouth elements. For the o l d woman aspect the 

young woman's nose i s o m i t t e d o r degraded and the 

eye/ear emphasised as an eye. The nose and mouth 

of the o l d woman are a l s o exaggerated. 



( a ) Leeper (1935) 
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( b ) Neisser (1967) 
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( c ) F i s h e r (1967a) 
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( d ) Rock (1975) 
Old Woman Ambiguous Young Woman 

V e r s i o n V e r s i o n V e r s i o n 
F i g u r e 3.3 D i f f e r e n t r e p r e s e n t a t i o n s o f the ambiguous 

and unambiguous v e r s i o n s o f B o r i n g ' s f i g u r e . 
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These a l t e r a t i o n s are a l s o accompanied by 

changes made elsewhere i n the p i c t u r e . No one has 

s t u d i e d whether a l l o f these changes are necessary 

or j u s t what change t o which element o f the 

p i c t u r e i s p o s s i b l y s u f f i c i e n t by i t s e l f t o 

r e l i a b l y a f f e c t p e r c e p t i o n o f the p i c t u r e . 

B o r i n g (1930) o r i g i n a l l y c o n s i d e r e d t h i s 

ambiguous f i g u r e t o be "the best o f the p u z z l e -

p i c t u r e s i n the sense t h a t n e i t h e r f i g u r e i s 

favoured over t h e o t h e r . " Subsequent research 

has shown t h i s not t o be the case. I n Leeper's 

study ( 1935) 65% o f the c o n t r o l group which was 

give n no p r e l i m i n a r y p r e p a r a t i o n r e p o r t e d the 

young woman aspect on f i r s t o b s e r v a t i o n o f the 

drawing, whereas 35% r e p o r t e d the o l d woman. 

B o t w i n i c k , Robbin and B r i n l e y (1959) found t h a t the 

young woman aspect was pr e d o m i n a n t l y r e p o r t e d . 

L i k e w i s e , Rsjnamurthi and Parameswaran (1964) found 

a preponderance o f young woman r e p o r t s . Carlson 

(1953) used t h r e e v e r s i o n s o f the ambiguous f i g u r e 

and found t h a t , whereas the young woman v e r s i o n was 

o n l y seen as young woman, the o l d woman v e r s i o n 

merely 'favoured' t h i s aspect over t h a t of the 

young woman. There was a ge n e r a l p r e f e r e n c e t o see 

the young woman i n the ambiguous v e r s i o n . 

Lindauer ( 1969) found i n c o n t r a s t , w i t h a s e r i e s o f 

e i g h t v e r s i o n s of Borin g ' s f i g u r e , t h a t i n g e n e r a l 

t h e r e was a preponderance o f the o l d woman response 
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across these s t i m u l i 

The e x i s t e n c e o f the d i f f e r e n t drawings o f 

Boring's ambiguous f i g u r e t o g e t h e r w i t h r e p o r t s 

o f a ge n e r a l p r e f e r e n c e t o p e r c e i v e t h e young 

woman aspect i n i t support the argument t h a t t h i s 

s t i m u l u s i s an i d e a l choice t o examine the 

hypothesised r o l e p l a y e d by p a r t i c u l a r ' p i c t u r e 

elements'. The b i a s t o p e r c e i v e the one aspect 

may w e l l be r e l a t e d t o the way i n which the 

ambiguous f i g u r e has been drawn, 

3.3. STABILISED IMAGE TECHNIQUES 

A method o f p r e s e n t i n g Boring's ambiguous 

f i g u r e so t h a t it$ image would be s t a b i l i s e d upon 

the r e t i n a was r e q u i r e d . This c o u l d be 

accomplished by s e v e r a l t e c h n i q u e s : an o p t i c a l 

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

the eye, imaging i n t e r n a l s t r u c t u r e s o f the eye 

upon the r e t i n a , i m m o b i l i s i n g the eye, or by 

exposing the s t i m u l u s t o a b r i g h t f l a s h of l i g h t . 

These d i f f e r e n t methods are b r i e f l y c o nsidered 

and then the most a p p r o p r i a t e i s s e l e c t e d . 

O p t i c a l Lever System. This technique uses a 

m i r r o r a t t a c h e d t o a c o n t a c t lens f i t t e d over the 

eye. An o p t i c a l system p r o j e c t s t h e s t i m u l u s 

t a r g e t onto t h i s m i r r o r i n such a way t h a t when 

the eye moves so t o o does the c o n t a c t l e n s and 
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m i r r o r . This s t i m u l u s i s then s t a b i l i s e d as l o n g 

as the c o n t a c t lens does not s l i p . The S e i t h e r 

views the image from a screen or e l s e the image 

i s d i r e c t l y focussed upon the p u p i l (Heckenmueller, 

1963). R a t l i f f and Riggs (1950) d e s c r i b e d such a 

system which compensated f o r eye movements and 

f o r t h e i r magnitude by a l t e r i n g the p r o j e c t e d 

o p t i c a l p a t h o f the t a r g e t . Because the m i r r o r 

was d i r e c t l y mounted on the c o n t a c t l e n s o n l y 

h o r i z o n t a l eye movements c o u l d be accounted f o r . 

Clowes and D i t c h b u r n (1959) compensated f o r both 

v e r t i c a l and h o r i z o n t a l movements by mounting the 

m i r r o r on a s m a l l s t a l k a t t a c h e d t o the c o n t a c t 

l e n s . Both approaches r e q u i r e accurate s t a b i l i s a t i o n 

o f the S*s head. 

D i r e c t Attachment o f the S t i m u l u s . Targets 

have been f a s t e n e d d i r e c t l y t o the c o n t a c t lens on 

the S's eye ( D i t c h b u r n and P r i t c h a r d , 1956). By 

mounting the t a r g e t on a s t a l k and i l l u m i n a t i n g i t 

w i t h c o l l i m a t e d l i g h t ( t h e c o l l i m a t o r a l s o was 

a t t a c h e d t o the s t a l k ) then the image appeared a t 

o p t i c a l i n f i n i t y . 

I n t e r n a l Eye S t r u c t u r e s . I n t e r n a l s t r u c t u r e s 

o f the eye, such as shadows o f r e t i n a l c a p i l l a r i e s 

or macular pigment appearance (Campbell and Robson, 

1961), can be imaged on the r e t i n a . Other e n t o p i c 

phenomena such as 'Haidinger's brushes' ( R a t l i f f 

1958) ; which have an hour g l a s s shape, can be u t i l i s e d . 
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They are best observed by m o n o c u l a r l y v i e w i n g a 

b r i g h t f i e l d o f blue l i g h t t hrough a p o l a r i s e r 

r o t a t i n g at 1 Hz (Coren, 1971; Coren and Kaplan, 

1972 ) . 

Eye I m m o b i l i s a t i o n . The eye can be 

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

muscles ( K o r n m u l l e r , 1930) w i t h a s u i t a b l e drug 

such as Curare (Zinchenko and V e r g i l e s , 1972). 

A f t e r i m a g e s . A f l a s h o f l i g h t produces 

s i m i l a r s t a b i l i s a t i o n (Bennelt-Clark and Evans, 

1963) of the r e t i n a l image by means o f the 

a f t e r i m a g e so c r e a t e d . Targets on a t r a n s p a r e n t 

background a t t a c h e d t o a r e a r l i g h t source can be 

used or e l s e h i g h c o n t r a s t s t i m u l i can be b r i e f l y 

i l l u m i n a t e d (Evans, 1966). 

Review and Choice o f Technique 

Systems u s i n g c o n t a c t lenses are s u b j e c t t o 

s l i p p a g e w i t h r e s p e c t t o the eye (Barlow, 1963) as 

w e l l as b e i n g unpopular w i t h Ss and expensive. Eye 

i m m o b i l i s a t i o n t h r o u g h drug i n j e c t i o n s i s not 

p r a c t i c a l f o r a l a r g e number o f Ss. E n t o p i c 

phenomena are u s e f u l but the ease and s i m p l i c i t y 

of a f t e r i m a g e s renders the l a s t approach the one 

chosen here. I t i s a l s o the one most amenable t o the 

use o f l a r g e s t i m u l i . 

F ragmentation. The main problem w i t h a 

s t a b i l i s e d image approach i s f r a g m e n t a t i o n o f the 

image. S e v e r a l workers have s t u d i e d s t a b i l i s e d 
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image phenomena u s i n g the above techniques 

demonstrating t h a t r e l a t i v e l y s i m i l a r e f f e c t s are 

produced by the d i f f e r e n t methods (e.g. Evans, 

1966; Heckenmueller, 1968). I n g e n e r a l a s t i m u l u s 

viewed i n such a f a s h i o n w i l l disappear and 

reappear, i . e . fragment, e i t h e r as a whole or i n 

p a r t s . T h i s i s not due t o f a c t o r s such as 

s l i p p a g e o f a c o n t a c t lens ( F i o r e n t i n i and E r c o l e s , 

1963 ). 

Fragmentation appears t o be a f f e c t e d by 

s e v e r a l f a c t o r s . Meaningful s t i m u l i remain 

v i s i b l e l o n g e r than meaningless s t i m u l i ( A r n o l d , 

i f e u d e l l and Pease, 1968; Wade, 1974). P a r t s o f 

the s t i m u l u s b e i n g a t t e n d e d t o l i k e w i s e r e m a i ning 

v i s i b l e l o n g e r (Heckenmueller, 1968). Jagged 

s t i m u l i appear t o be l e s s s t a b l e and fragment more 

e a s i l y than rounded ones ( P r i t c h a r d , Heron and 

Hebb, 1960). Acute and obtuse angles disappear 

more than r i g h t angles (McFarland, 1968) and are 

a f f e c t e d by the o r i e n t a t i o n o f the angle (Schmidt, 

Fulgham, and Brown, 1971). S t r a i g h t l i n e s tend 

t o a ct as u n i t s and fragment as a whole. I n a 

complex s t i m u l u s p a r t s of i t fragment i n a p p a r e n t l y 

'good', i n the G e s t a l t sense, o r g a n i s a t i o n s 

( P r i t c h a r d , Heron and Hebb,1960; MacKinnon, 1971). 

P e r c e p t u a l c l o s u r e has a l s o been r e p o r t e d t o occur 

w i t h f r a g m e n t a t i o n ( P r i t c h a r d , Heron and Hebb, 

1960; Gregory and A r n o l d , 1971). Wade (1978) has r e c e n t l y 

reviewed the f r a g m e n t a t i o n and f l u c t u a t i o n e f f e c t s i n a f t e r i m a g e s . 
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Most o f t h i s work has u s u a l l y been d i r e c t e d 

t o the i n v e s t i g a t i o n o f o t h e r issues r a t h e r than 

the present i n t e r e s t i n the p e r c e p t i o n o f a 

s t a b i l i s e d image of an ambiguous s t i m u l u s . The 

importance o f f r a g m e n t a t i o n i n the l a t t e r 

i n s t a n c e i s t h a t i f a S i s r e p o r t i n g h i s 

p e r c e p t i o n o f a s t a b i l i s e d image which i s 

f r a g m e n t i n g , t h i s very process may produce 

d i f f e r e n t cues t o each aspect so a f f e c t i n g the 

S's response 

3.4. THE PILOT STUDY 

3.4.1. I n t r o d u c t i o n 

Having decided upon the ambiguous f i g u r e t o 

be used and the technique o f s t a b i l i s i n g the 

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

then g i v e n t o the need f o r the ambiguous f i g u r e t o 

g i v e r i s e t o an adequate a f t e r i m a g e . The 

appearance o f the a f t e r i m a g e produced had t o be 

able t o be r e p o r t e d as e i t h e r the young or o l d 

woman. Thi s would be c o m p l i c a t e d i f the a f t e r i m a g e 

r a p i d l y fragmented as the f r a g m e n t a t i o n may 

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

aspect. An e x p e r i m e n t a l arrangement was thus 

r e q u i r e d which would produce an a f t e r i m a g e , the 

appearance o f which c o u l d be r e p o r t e d b e f o r e such 

f r a g m e n t a t i o n o c c u r r e d . 
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Boring's ambiguous f i g u r e was f i r s t redrawn 

as a l i n e drawing i n order t o f a c i l i t a t e the 

p e r c e p t i o n o f the ambiguous f i g u r e i n c o n d i t i o n s 

of s t a b i l i s e d image p r e s e n t a t i o n as w e l l as t o 

remove any confounding e f f e c t s o f t e x t u r e cues. 

A p i l o t study was then c a r r i e d out, f i r s t l y t o 

determine whether t h i s l i n e drawing v e r s i o n o f 

the ambiguous f i g u r e c o u l d r e p r e s e n t both o f 

the p o s s i b l e aspects and f u r t h e r t o determine the 

parameters o f such a s t i m u l u s . The s t i m u l u s 

parameters i n v e s t i g a t e d i n c l u d e d the f o l l o w i n g . 

The s t i m u l u s s i z e had t o be such t h a t Ss c o u l d 

p e r c e i v e b o t h aspects i n the s t i m u l u s and y e t 

p e r m i t f o v e a l v i s i o n t o be determined t o o n l y 

s p e c i f i c p a r t s o f the s t i m u l u s . A s u i t a b l e 

t e chnique f o r c o n t r o l l i n g f i x a t i o n p o s i t i o n t o 

achieve t h i s had t o be devised. The a p p r o p r i a t e 

l i n e w i d t h o f the s t i m u l u s as w e l l as whether the 

best a f t e r i m a g e was p a i n t e d u s i n g e i t h e r a w h i t e 

l i n e drawing on a b l a c k background or v i c e versa. 

The p i l o t study was c a r r i e d out i n two p a r t s . 

In the f i r s t ; d i f f e r e n t s t i m u l i were used and i n 

the second d i f f e r e n t i n s t r u c t i o n s and v i e w i n g 

d i s t a n c e s were employed. 

3.4.2. P a r t 1. 

S u b j e c t s . E i g h t undergraduate Ss ( f i v e males 

and t h r e e females) took p a r t . 
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Apparatus. Boring's ambiguous f i g u r e (1930) 

was reproduced as an o u t l i n e drawing o f v a r i o u s 

s i z e s by u s i n g a pantograph t o e n l a r g e the 

o r i g i n a l . Both b l a c k l i n e drawings on w h i t e 

backgrounds as w e l l as w h i t e drawings on b l a c k 

backgrounds were c o n s t r u c t e d . The w h i t e l i n e 

drawings on a b l a c k background were formed by 

us i n g c u t - o u t w h i t e card on a b l a c k card ground. 

The b l a c k l i n e drawings on a w h i t e background were 

produced both i n a s i m i l a r f a s h i o n ( u s i n g b l a c k 

c u t - o u t card on a w h i t e card background) and 

al s o by u s i n g b l a c k I n d i a n i n k t o draw the o u t l i n e 

f i g u r e . Luminous f i x a t i o n spots were made by 

u s i n g t r u n c a t e d p i n heads covered i n luminous 

p a i n t . 

A Metz M e c c a b l i t z 502 f l a s h g u n served as the 

l i g h t source t o produce the a f t e r i m a g e s . This 

was p l a c e d on a t a b l e between the S's p o s i t i o n and 

the t a r g e t s t i m u l u s p o s i t i o n and d i r e c t e d a t the 

s t i m u l u s . 

For some Ss a stopwatch was used t o time the 

sequence o f the r e p o r t e d appearance o f the 

experienced a f t e r i m a g e . 

Procedure. Ss were seated a t the t a b l e i n a 

darkened room w i t h the f l a s h g u n i n f r o n t o f them 

and a l l o w e d t o dark adapt f o r s e v e r a l minutes, 

t h e i r n o n - p r e f e r r e d eye ha v i n g been occluded by an 

eyepatch. One o f the s t i m u l u s cards was then 
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i n t r o d u c e d a t the o t h e r end o f the t a b l e w i t h the 

luminous f i x a t i o n spot p o s i t i o n e d upon i t . Ss 

were i n s t r u c t e d t o f i x a t e the spot and then 

discharge the f l a s h g u n i n f r o n t o f them where

upon they were t o l i g h t l y c l o s e b o t h o f t h e i r 

eyes and then v e r b a l l y r e p o r t what they saw. 

3.4.3. P a r t 2. 

Subj e c t s . Twenty Ss ( t w e l v e males and 

e i g h t f e m a l e s ) , a l l undergraduates were used. 

Apparatus. As f o r P a r t 1. 

Procedure. The ge n e r a l procedure was as i n 

Pa r t 1. Various p r e - e x p e r i m e n t a l i n s t r u c t i o n s 

were gi v e n and the Ss were seated at d i f f e r e n t 

d i s t a n c e s from the s t i m u l u s . For some 

p r e s e n t a t i o n s p a r t s o f the s t i m u l u s were occluded 

by w h i t e paper (where the s t i m u l u s was a b l a c k 

l i n e drawing on a w h i t e ground) o r b l a c k paper 

( f o r w h i t e on b l a c k ground s t i m u l i ) . T h i s meant 

t h a t the occluded p a r t was then not pr e s e n t i n the 

S's a f t e r i m a g e . 

3.4.4. General R e s u l t s and D i s c u s s i o n 

The f o l l o w i n g was the sequence o f a f t e r i m a g e 

appearance t y p i c a l l y r e p o r t e d by Ss when the b l a c k 

l i n e drawing s t i m u l u s was used. On disc h a r g e o f 

the f l a s h g u n a s h o r t d u r a t i o n f l a s h ensued f o l l o w e d 

by a p e r i o d o f some seconds (5-7 s ) d u r i n g 

which no f i g u r e was v i s i b l e . The w h i t e square then 

appeared, o f t e n b e i n g p u r p l e - w h i t e i n c o l o u r . T h i s 
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was f o l l o w e d by the ex t r e m e l y r a p i d b u i l d i n g up o f 

the c o n s t i t u e n t l i n e s of the f i g u r e u n t i l the 

complete p o s i t i v e a f t e r i m a g e was v i s i b l e f o r a 

few seconds d u r i n g which time Ss r e p o r t e d what 

the s t i m u l u s r e p r e s e n t e d . The f i g u r e then 

g r a d u a l l y fragmented e v e n t u a l l y r e s u l t i n g i n the 

n e g a t i v e a f t e r i m a g e o f the s t i m u l u s which again 

tnen fragmented u n t i l complete disappearance o f 

the a f t e r i m a g e was r e p o r t e d about one minute or 

so a f t e r t h e i n i t i a l f l a s h . 

White f i g u r e s on a b l a c k background 

produced a f t e r i m a g e s which were u n c l e a r and 

fragmented q u i c k l y and which were p o o r l y r e p o r t e d . 

Black s t i m u l i on w h i t e backgrounds p r o d u c i n g 

a p p a r e n t l y ' c l e a r e r ' a f t e r i m a g e s ( i . e . Ss were 

able t o d e s c r i b e t h e i r p e r c e p t i o n b e t t e r ) . Those 

s t i m u l i which were c o n s t r u c t e d from c u t - o u t b l a c k 

card were more s u s c e p t i b l e t o f a s t e r f r a g m e n t a t i o n 

than were the b l a c k l i n e drawings. The former 

s t i m u l i were a l s o more 'jagged' i n appearance 

compared t o the more rounded ink-drawn v e r s i o n s . 

A b l a c k I n d i a n i n k drawing on a w h i t e 

background, s i z e 40 cms x 30.5 cms w i t h a l i n e 

t h i c k n e s s o f 0.64 cms, produced the best a f t e r i m a g e s 

at a d i s t a n c e o f 61 cms from the S. At t h i s 

d i s t a n c e t h i s s i z e o f s t i m u l u s met the c r i t e r i o n 

of a f f o r d i n g d i f f e r e n t i a l f o v e a l v i s i o n t o be p a i d 

t o c e r t a i n p a r t s o f the s t i m u l u s w h i l e o t h e r 
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s t i m u l u s areas were viewed more p e r i p h e r a l l y . A 

c e n t r a l l y l o c a t e d f i x a t i o n p o s i t i o n on the s t i m u l u s 

card ( p o s i t i o n e d near the element r e p r e s e n t i n g the 

ear o f the young woman or the eye of the o l d woman) 

allo w e d Ss who had p r e v i o u s l y been shown a 

photograph o f Boring's f i g u r e t o a l t e r n a t e t h e i r 

responses between t h e two aspects i n the a f t e r i m a g e . 

On q u e s t i o n i n g a f t e r w a r d s a l l the Ss consi d e r e d 

the l i n e drawing t o be a good r e p r e s e n t a t i o n o f the 

o r i g i n a l f i g u r e . 

Completely naive observers when asked t o 

r e p o r t t h e i r p e r c e p t i o n s sometimes r e p o r t e d 

changing c o l o u r s i n the a f t e r i m a g e . Naive Ss were 

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

they r e p o r t e d . The young woman being r e p o r t e d 

more o f t e n . 

The f l a s h g u n discharge besides i l l u m i n a t i n g 

the s t i m u l u s a l s o i n c r e a s e d the l u m i n o s i t y o f the 

luminous f i x a t i o n s p o t . Having Ss clo s e t h e i r 

eyes l i g h t l y a f t e r the discharge p r e v e n t e d the 

p o s s i b l e subsequent p e r c e p t i o n o f t h i s spot 

undergoing apparent a c t t o k i n e s i s which might d e t r a c t 

from r e p o r t i n g t h e a f t e r i m a g e appearance. Th i s 

procedure i s commonly used i n a f t e r i m a g e s t u d i e s 

(e.g. Wade, 1974). The o t h e r p o s s i b l e e f f e c t o f 

the d i s c h a r g e upon the f i x a t i o n spot was t h a t i f 

the f i x a t i o n spot was l o c a t e d d i r e c t l y on one o f 

the l i n e s o f the drawing then t h i s may a f f e c t t h e 
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appearance of t h a t l i n e i n the a f t e r i m a g e . F o r 

t h i s reason the f i x a t i o n s p o t s were always p l a c e d 

near p a r t i c u l a r l i n e s r a t h e r than on them. 

When Ss were p r e v i o u s l y f a m i l i a r i s e d w i t h 

both a s p e c t s of the ambiguous f i g u r e then v a r y i n g 

the f i x a t i o n spot p o s i t i o n and o c c l u d i n g v a r i o u s 

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

A f i x a t i o n p o s i t i o n near the young woman's 

nose produced solely young woman r e s p o n s e s ; 

f i x a t i o n near the e a r / e y e produced r e s p o n s e s of 

both a s p e c t s , whereas f i x a t i o n near the mouth of 

the o l d woman produced more r e s p o n s e s of t h i s 

l a t t e r a s p e c t . 

When the nose of the young woman was oc c l u d e d 

and f i x a t i o n was near t h i s then more o l d woman 

re s p o n s e s were e l i c i t e d . T h i s was i n c o n t r a s t to 

the f i n d i n g when t h i s f e a t u r e was p r e s e n t . When 

the l i n e s c o n s t i t u t i n g the o l d woman's mouth 

were p a r t i a l l y o c c l u d e d t h i s appeared to have l i t t l e 

e f f e c t . 

P r e s e n c e or absence of the ' f e a t h e r ' i n the 

ambiguous f i g u r e d i d not produce a d i f f e r e n c e i n 

response to any f i x a t i o n p o s i t i o n . From the S s ' 

d e s c r i p t i o n s a f t e r the experiment i t was deemed 

t h a t t h i s item s e r v e d mainly to confuse the 

response of ' o l d - f a s h i o n e d i n appearance' of both 

a s p e c t s . 
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3.4.5. Summary 

The p i l o t study showed t h a t an a f t e r i m a g e of 

a l i n e drawing of B o r i n g ' s ambiguous f i g u r e c o u l d 

g i v e r i s e to both young woman and o l d woman 

responses. A s u i t a b l e s i z e of s t i m u l u s was 

determined and the use of luminous f i x a t i o n s p o t s 

p e r m i t t e d c o n t r o l of f i x a t i o n p o s i t i o n p r i o r to 

p a i n t i n g the a f t e r i m a g e . I t a l s o demonstrated the 

need f o r Ss to be made aware of the two a s p e c t s 

i n the s t i m u l u s and to be f a m i l i a r i s e d w i t h the 

g e n e r a l appearance of such a f t e r i m a g e s . 

3.5. THE LINE DRAWING OF BORING'S AMBIGUOUS FIGURE 

The r e s u l t a n t l i n e drawing of the ambiguous 

f i g u r e i s shown i n F i g u r e 3.4 . I t can be 

c o n s i d e r e d as being c o n s t r u c t e d from a s e r i e s of 

l i n e s which t o g e t h e r c o n s t i t u t e an o v e r a l l ' f a c i a l ' 

a r e a t o g e t h e r w i t h o t h e r l i n e s which i t i s 

proposed can be c o n s t r u e d as four elements. These 

four elements a r e : -

a) YE. The young woman's e y e l a s h 

and nose, or the o l d woman's 

second eye, 

b) E/EC. The e a r of the young woman 

or eye of the o l d woman . 

c) CL. The c h e e k l i n e of the young 

woman or p a r t of the nose of 



207 

CO 
CO 

CO 

CO 

3 S 
•H 
-P 
CO 
c o 
•H 
-p 
rf 
co 
•H 

•H 
S 

T3 

CO 

o 
0> c 
fH O 
hD -P 

CO 
•H -H 
CO <H 

-H 
(1) W f-i 
> - oS 

bfi -H 
N CI H 
•H -H 

0> U g ^ O d H PQ <H 

CD 
CO 
CD 
SH 

hO 
•H 

3 E 
•r-t 
-P 
CO 

X! c +-> 
o 
•H T3 
+-> C 
X 
•H 

c o 
•H 
-P 
X 

CO <H 

0 CO X! O 

LO 
CO 
CD 

bx> 
•H 
PN 

rH X 
d —' 
U -P 
-P C 
C -H 
0 O 

a o a 

CO 
-p 

b£> G 
C 0 

r 
CD 
C CD 

CD T3 

CO 

bD 



208 

the o l d woman a s p e c t , 

d) M. The n e c k l a c e of the young 

woman or mouth of the o l d 

woman, 

The l i n e s c o n s i d e r e d as c o n s t i t u t i n g each 

element are a l s o shown i n the same F i g u r e -

The two p o s s i b l e r e s p o n s e s to t h i s s t i m u l u s 

are as young woman or as o l d woman. These are 

c h a r a c t e r i s e d as YW and OW r e s p e c t i v e l y . 

3.6. EXPERIMENT 1. 

3.6.1. I n t r o d u c t i o n 

The p i l o t study determined the b e s t s i z e of 

s t i m u l u s to use so t h a t Ss c o u l d r e p o r t both 

a s p e c t s y e t by a l t e r i n g the f i x a t i o n p o s i t i o n , 

b e f o r e p a i n t i n g the a f t e r i m a g e of the s t i m u l u s , 

v i s u a l a t t e n t i o n c o u l d be c o n t r o l l e d to s p e c i f i c 

s t i m u l u s a r e a s . The purpose of the f i r s t 

experiment was to t e s t the h y p o t h e s i s t h a t 

f i x a t i o n i n d i f f e r e n t a r e a s of the s t i m u l u s would 

produce d i f f e r e n t p r o p o r t i o n s of young or o l d 

woman r e s p o n s e s . The p e r c e p t i o n of an a s p e c t 

b e i n g l a r g e l y dependent upon what elements a r e 

w i t h i n f o c a l v i s i o n at a p a r t i c u l a r f i x a t i o n 

p o s i t i o n . 

U s i n g an a f t e r i m a g e t e c h n i q u e Ss were 

r e q u i r e d to respond which a s p e c t the p o s i t i v e 
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afterimage r e p r e s e n t e d . Some p r a c t i c e w i t h 

r e p o r t i n g the appearance of a f t e r i m a g e s of o t h e r 

s t i m u l i was f i r s t n e c e s s a r y to ensure f a m i l i a r i t y 

w i t h the g e n e r a l appearance of such images to 

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

Ss were a l s o f a m i l i a r i s e d w i t h the ambiguous 

f i g u r e i t s e l f to ensure the a v a i l a b i l i t y of a 

response r e p r e s e n t i n g each a s p e c t . T h i s was to 

overcome any p o s s i b l e s t e r e o t y p e to respond to 

only the one a s p e c t . 

For t h e s e two r e a s o n s a technique of 

af t e r i m a g e f a m i l i a r i s a t i o n and p r a c t i c e w i t h 

a l t e r n a t i n g the response to the ambiguous s t i m u l u s 

was employed b e f o r e s t u d y i n g the e f f e c t of 

a l t e r i n g f i x a t i o n p o s i t i o n . 

From the p i l o t study r e s u l t s , t o g e t h e r w i t h 

the c o n s i d e r a t i o n of how o t h e r a u t h o r s have drawn 

the ambiguous f i g u r e i n b i a s e d f a s h i o n s , i t was 

h y p o t h e s i s e d t h a t f i x a t i o n near the YE element 

would produce more YW r e s p o n s e s and f i x a t i o n 

near the M element more OW r e s p o n s e s , 

A p o s s i b l e , although s i m p l i s t i c , e x p l a n a t i o n 

f o r the p e r c e p t i o n of the o v e r a l l f i g u r e c o u l d be 

proposed such t h a t the YW a s p e c t was mainly a 

r e s u l t of f i x a t i o n near the YE element, the OW 

a s p e c t c o u l d be due to the s i m i l a r e f f e c t of a 

s i n g l e element (M) w i t h the o t h e r two elements and 

o v e r a l l f a c i a l l i n e s t e n d i n g to r e p r e s e n t both 
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a s p e c t s . Thus, f o r a f i x a t i o n p o s i t i o n near the 

E/EC or CL elements no dominant response of YW or 

OW would be p r e d i c t e d . To t e s t such a proposed 

d i s t r i b u t i o n of r e s p o n s e s a c r o s s the f i g u r e 15 

f i x a t i o n p o s i t i o n s were chosen, t h e s e b e i n g 

s e l e c t e d from those used i n the p i l o t study. 

These p o s i t i o n s were l o c a t e d both near s p e c i f i c 

elements and a l s o e l s e w h e r e on the s t i m u l u s . 

B o r i n g ' s ambiguous f i g u r e i s almost 

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

Both l e f t and r i g h t f a c i n g v e r s i o n s were used 

here to see i f any d i f f e r e n c e i n response was 

o b t a i n e d . For i n s t a n c e , i f the YE element d i d 

s t r o n g l y e l i c i t YW r e s p o n s e s then i n a l e f t f a c i n g 

v e r s i o n t h i s may, on the b a s i s of l e f t to r i g h t 

r e a d i n g eye movement h a b i t s , be the f i r s t element 

commonly encountered. T h i s may then be r e l a t e d 

to the u s u a l f i n d i n g t h a t t h i s ambiguous f i g u r e 

i s p e r c e i v e d as more o f t e n r e p r e s e n t i n g the 

young woman a s p e c t . 

To check t h a t a response of YW when f i x a t i o n 

was near the YE element was a c t u a l l y due to the 

p r e s e n c e of t h i s element and not j u s t due to 

f i x a t i o n i n t h a t g e n e r a l p a r t of the p i c t u r e an 

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

where the s t i m u l u s d i d not c o n t a i n t h i s element. 

Thus, the S's r e s p o n s e s c o u l d be compared f o r the 

same f i x a t i o n p o s i t i o n but w i t h t h i s element p r e s e n t 
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or absent. I t was h y p o t h e s i s e d t h a t o m i t t i n g t h i s 

element would produce more OW r e s p o n s e s than when 

i t was present, thus demonstrating t h a t the 

response was l a r g e l y due to t h i s element 

p a r t i c u l a r l y r e p r e s e n t i n g t h e one a s p e c t as compared 

to f i x a t i o n p o s i t i o n a l o n e . 

3.6.2. S u b j e c t s 

Twenty f i r s t y e a r psychology undergraduates 

(10 males and 10 f e m a l e s ) s e r v e d as Ss. 

3.6.3. S t i m u l i 

F o l l o w i n g the d e t e r m i n a t i o n of the s t i m u l u s 

given i n the p i l o t study the f o l l o w i n g four s t i m u l i 

were c o n s t r u c t e d by the same means. A l l s t i m u l i 

were drawn i n b l a c k I n d i a n ink w i t h a l i n e t h i c k n e s s 

of 0.64 cms on a white c a r d background of s i z e 40 cms 

high x 30.5 cms wide. T o t a l s i z e of the c a r d was 

40 x 40 cms ; the e x t r a width b e i n g on the l e f t hand 

s i d e and covered i n b l a c k f a b l o n f o r h a n d l i n g 

purposes. 

Two of the c a r d s were a l e f t f a c i n g (AL) and 

r i g h t f a c i n g (AR) l i n e drawing of B o r i n g ' s o r i g i n a l 

f i g u r e . The o t h e r two c a r d s were drawn i n s i m i l a r 

f a s h i o n but without the YE element, one c a r d f a c i n g 

r i g h t (OR) and the o t h e r l e f t ( O L ) . 

A l l f our s t i m u l i had 15 p i n h o l e s i n i d e n t i c a l 

p o s i t i o n s w i t h r e s p e c t to the s t i m u l u s f i g u r e as 

shown i n F i g u r e 3. 5 . A t r u n c a t e d pinhead covered 

i n luminous p a i n t s e r v e d as the f i x a t i o n s p o t . The 
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f i x a t i o n p o s i t i o n was a l t e r e d by s i t i n g the 

pinhead i n one of the p i n h o l e s p r i o r to 

d i s c h a r g e of the f l a s h g u n . 

An a d d i t i o n a l s t i m u l u s c a r d , the same 

o v e r a l l s i z e , s e r v e d to p r o v i d e t h r e e d i f f e r e n t 

s t i m u l i to f a m i l i a r i s e Ss w i t h a f t e r i m a g e 

appearance. These s t i m u l i were , S 2 , and S^. 

The l i n e drawing was 22.5 cms high by 16.5 cms 

wide. To produce the t h r e e s t i m u l i , p a r t s of the 

l i n e drawing were o c c l u d e d by w h i t e c a r d i n 

c o n j u n c t i o n w i t h a p a r t i c u l a r f i x a t i o n p o s i t i o n 

p r i o r to p r e s e n t i n g i t to the S. These t h r e e 

s t i m u l i and t h e i r r e l e v a n t f i x a t i o n p o s i t i o n s 

t o g e t h e r w i t h the drawings of B o r i n g ' s f i g u r e s 

used are shown i n F i g u r e 3.6 

3.6.4. Apparatus 

The app a r a t u s i s shown i n F i g u r e 3. 7 and F i g u r e 

3 . 8 . A b l a c k s t i m u l u s c a r d h o l d e r was p o s i t i o n e d 

at one end of a l i g h t proof 'box' c o n s i s t i n g of 

a wooden framework s u p p o r t i n g a b l a c k sugar paper 

i n t e r i o r . The end of the 'box' o p p o s i t e the 

s t i m u l u s was open. I n t h i s opening was p o s i t i o n e d 

a combined head and a d j u s t a b l e c h i n - r e s t . The 

v i e w i n g d i s t a n c e was 61 cms. 

The f l a s h head of the f l a s h g u n (Metz 

M e c c a b l i t z 502) was mounted d i r e c t l y i n f r o n t of 

the c h i n r e s t j u s t below eye l e v e l . The f l a s h 

d u r a t i o n was .OOls and i t s energy was 120 W.s - 1 
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One s i d e of the box was removable to a l l o w s t i m u l i 

to be mounted on the h o l d e r and f o r p o s i t i o n i n g 

the f i x a t i o n spot on the s t i m u l u s . A s m a l l l i g h t 

bulb (40W) was p l a c e d i n f r o n t of the s t i m u l u s 

h o l d e r at the base of the box. Between the S's 

p o s i t i o n and the s t i m u l u s were two matt b l a c k 

masks to l i m i t the S's f i e l d of view to the 

s t i m u l u s , w i t h the lower one a l s o o c c l u d i n g the 

l i g h t bulb. A matt b l a c k c a r d ( c a r d B) c o u l d be 

s l i d h o r i z o n t a l l y a c r o s s the box j u s t behind the 

masks so making a l i g h t proof a r e a between i t and 

the s t i m u l u s h o l d e r . 

The f l a s h g u n was f i t t e d w i t h a remote 

d i s c h a r g e button operated by S. The c h a r g i n g u n i t 

of the f l a s h g u n was o u t s i d e the box. The 

experimenter ( E ) s a t a t the s i d e of the box w i t h 

a stopwatch. A s m a l l darkroom l i g h t was used so 

as to be a b l e to r e c o r d r e s p o n s e s , w h i l s t 

m a i n t a i n i n g the room i n r e l a t i v e d a r k n e s s . 

3.6.5. Procedure 

The S's eye p r e f e r e n c e was f i r s t determined 

by a s k i n g which eye was used f o r s i g h t i n g a r i f l e 

or v i e w i n g through a t e l e s c o p e . The n o n - p r e f e r r e d 

eye was then o c c l u d e d by an eye p a t c h . 

The S was then s e a t e d w i t h h i s c h i n on the 

c h i n r e s t and i t s h e i g h t a d j u s t e d u n t i l the S's 

p r e f e r r e d eye was a t the same h e i g h t as the c e n t r e 

of the s t i m u l u s c a r d h o l d e r and thus v e r t i c a l l y 
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at the c e n t r e of the s t i m u l u s . Both an 

i n t e r v e n i n g s i g h t i n g a i d and a mark on the 

c e n t r e of the s t i m u l u s h o l d e r were used i n a no-

p a r a l l a x method to a t t a i n t h i s . The f o l l o w i n g 

i n s t r u c t i o n s b e i n g r e a d : -

" T h i s i s a h e a d r e s t ( i n d i c a t e d ) and 
t h i s i s a f l a s h g u n ( i n d i c a t i n g the 
f l a s h head) which I want you to 
operate l a t e r by p r e s s i n g t h i s 
button. Now i f you put your c h i n on 
the c h i n - r e s t and t e l l me when 
th e s e ( i n d i c a t i n g the s i g h t i n g a i d 
and the mark on the s t i m u l u s h o l d e r ) 
are a t the same h e i g h t . " 

On completion c a r d B was then i n t r o d u c e d so 

o b l i t e r a t i n g S's view of the box i n t e r i o r . The 

room l i g h t s were t u r n e d o f f and S dark adapted 

f o r a t l e a s t 5 minutes. During t h i s time 

s t i m u l u s S^ was mounted i n the h o l d e r and the 

f i x a t i o n spot p o s i t i o n e d on i t . When the s i d e 

of the box had been r e p l a c e d the i n t e r n a l l i g h t 

was b r i e f l y t u r n e d on so as to i n c r e a s e the 

l u m i n o s i t y o f the spot and the f l a s h g u n was 

charged. 

S was then i n s t r u c t e d : 

" I n a few moments you w i l l see a 
luminous green spot, I want you to 
f i x a t e t h i s spot w i t h both eyes open -
of c o u r s e , you w i l l o n l y be a b l e t o 
see i t w i t h your l e f t / r i g h t eye ( a s 
a p p r o p r i a t e f o r the S ) . When you 
have f i x a t e d the spot I want you to 
p r e s s the button and as soon as the 
f l a s h g u n goes o f f , c l o s e both your 
eyes g e n t l y and then t e l l me what 
you s e e . Any q u e s t i o n s ? " 

Card B was then removed and S asked i f he c o u l d 
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see the sp o t . Upon c o n f i r m a t i o n he was then t o l d 

to p r e s s the button when he was ready. S then 

r e p o r t e d what he saw. He was then i n s t r u c t e d to 

ignore any changing c o l o u r s i n the a f t e r i m a g e , to 

wait u n t i l the s t i m u l u s appeared as a b l a c k l i n e 

drawing on a white background and to si m p l y r e p o r t 

"what i t was a p i c t u r e o f . " Card B was i n t r o d u c e d 

again and s t i m u l u s Sg p o s i t i o n e d on the h o l d e r . 

A f t e r at l e a s t 2 minutes to a l l o w the f i r s t 

a f t e r i m a g e to d i s a p p e a r the f o l l o w i n g i n s t r u c t i o n s 

were read: 

" I want you to do the same t h i s time. 
A f t e r the f l a s h , t r y to keep your 
gaze s t e a d y a t the p o s i t i o n where the 
f i x a t i o n spot was b e f o r e the f l a s h -
t h i s w i l l h e l p you to see the p i c t u r e 
c l e a r l y . ( C a r d B was then removed 
a f t e r the i n t e r n a l l i g h t had been 
b r i e f l y t u r n e d on and o f f ) . Can you 
see the s p o t ? O.K. F l a s h when 

you a r e ready." 

T h i s procedure was r e p e a t e d f o r the f i r s t 5 

p r e s e n t a t i o n s w i t h a t l e a s t a 2 minute i n t e r v a l 

between each. T h i s i n t e r v a l b e i n g l o n g e r i f a S 

r e p o r t e d t h a t the p r e v i o u s a f t e r i m a g e had not 

completely faded. The f i r s t 3 s t i m u l i were S 1 , S 2 

and S 3 r e s p e c t i v e l y . The f o u r t h and f i f t h 

s t i m u l i f o r h a l f the Ss were AL then AR ( u s i n g a 

f i x a t i o n p o s i t i o n a t the c e n t r e of the s t i m u l u s -

spot p o s i t i o n X ( i n F i g u r e 3.5 ) , the o t h e r h a l f 

of the Ss r e c e i v e d s t i m u l i ARthen AL w i t h the same 

f i x a t i o n p o s i t i o n . A l l Ss r e s p o n s e s were met w i t h 

a non-committal "O.K." from E. 
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A f t e r t h e s e 5 s t i m u l i had been p r e s e n t e d the 

room l i g h t s were t u r n e d on and S shown a 

photograph ( s i z e 10 cms x 13 cms) of B o r i n g ' s 

ambiguous f i g u r e and asked "can you t e l l me what 

t h i s i s a p i c t u r e o f ? " I f S only r e p o r t e d one 

as p e c t , then he was f u r t h e r asked "Can you see 

anyth i n g e l s e ? " Both a s p e c t s were then v e r b a l l y 

e l a b o r a t e d f o r the S u n t i l he cou l d r e a d i l y 

p e r c e i v e both and a l t e r n a t e between them. 

The d e s c r i p t i o n s of each a s p e c t were 

modelled a f t e r those used by Leeper (1935, pp64-65) and 

were as f o l l o w s : 

"The p i c t u r e can, i n f a c t , be seen i n 
two ways. I t looks e i t h e r l i k e a 
young woman or l i k e an o l d e r woman. 
The young woman i s l o o k i n g away over 
her s h o u l d e r so t h a t her l e f t cheek 
h i d e s most of her f a c e . The t i p of 
her nose and e y e l a s h can be seen but 
her mouth and eyes a r e hidden. Her 
l e f t cheek and l e f t e a r a r e c l e a r l y 
v i s i b l e as i s her c h i n . A heavy f u r 
c o l l a r i s round her s h o u l d e r s and on 
her head i s a h e a d s c a r f . The o l d 
woman i s l o o k i n g to one s i d e so t h a t 
her f a c e i s shown i n p r o f i l e . She 
has a l a r g e Roman nose, shrunken l i p s 
and a p r o t r u d i n g c h i n which i s almost 
hidden i n the f u r c o l l a r of her co a t . 
Her l e f t eye i s c l e a r l y v i s i b l e and 
you can make out the e y e l a s h of her 
r i g h t eye. Her l e f t e a r and p a r t of 
the s i d e of her f a c e i s hidden by a 
h e a d s c a r f . " 

For h a l f the Ss the o l d woman was d e s c r i b e d 

f i r s t . 

T h i s procedure was then r e p e a t e d , t h i s time 

p r e s e n t i n g S w i t h s t i m u l i AR and AL on the o t h e r 
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s i d e of the e x p e r i m e n t a l room - some 190 cms away. 

The S was i n s t r u c t e d : 

"These a r e two l i n e drawings of the 
f i g u r e I have j u s t shown you. In 
one the two p o s s i b l e f a c e s are l o o k i n g 
to the r i g h t hand s i d e and i n the 
ot h e r they are l o o k i n g to the l e f t 
hand s i d e . Can you see both of the 
f i g u r e s i n t h e s e l i n e drawings? I 
want you to look at t h e s e f o r a few 
minutes u n t i l you f e e l you can 
e a s i l y see both." 

When the S c o u l d r e a d i l y a l t e r n a t e between the 

two a s p e c t s on the l i n e drawing the room l i g h t s 

were then turned o f f . S was then a l l o w e d to dark 

adapt again f o r some 5 minutes when the f o l l o w i n g 

i n s t r u c t i o n s were re a d : 

" I am now going to p r e s e n t you w i t h 
one of the p i c t u r e s I have j u s t 
shown you. I want you to t e l l me 
i f you can p e r c e i v e both a s p e c t s . " 

S was f i r s t p r e s e n t e d w i t h e i t h e r AR or AL, 

u s i n g the same a f t e r i m a g e t e c h n i q u e as b e f o r e and 

f i x a t i o n p o s i t i o n X,then w i t h the a l t e r n a t i v e s t i m u l 

S was then i n s t r u c t e d : 

"Now I am going to show you a s e r i e s 
of p i c t u r e s l i k e those you have j u s t 
seen and i n each c a s e I want you to 
t e l l me whether i t i s a p i c t u r e of a 
young or an o l d woman. I want you 
to t e l l me which i t i s as soon as 
you can c l e a r l y see the p o s i t i v e 
a f t e r i m a g e . Any q u e s t i o n s ? " 

18 s t i m u l u s p r e s e n t a t i o n s were then g i v e n . 16 

of t h e s e were of e i t h e r s t i m u l i AL or AR u s i n g each 

of the pred e t e r m i n e d 15 f i x a t i o n p o s i t i o n s , the 

s i x t e e n t h one b e i n g a randomly chosen r e p e a t 

c o n d i t i o n of one of t h e s e p o s i t i o n s . The o r d e r of 
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the c o n d i t i o n s was chosen f o r each S by f i r s t 

d e termining the p r e s e n t a t i o n o r d e r of the 

f i x a t i o n p o s i t i o n s u s i n g random number t a b l e s 

and then randomly a s s i g n i n g s t i m u l i AL and AR 

to these such t h a t e i g h t p r e s e n t a t i o n s were of 

AL and e i g h t were of AR. S t i m u l u s OR or OL 

( u s i n g f i x a t i o n p o s i t i o n 1) was p r e s e n t e d 

halfway through the s e r i e s and again at the end 

( u s i n g f i x a t i o n p o s i t i o n 3 ) . A l l Ss r e s p o s e s 

were timed from the f l a s h g u n d i s c h a r g e to the 

v e r b a l r e p o r t of the appearance of the p o s i t i v e 

a f t e r i m a g e . 

3.6.6. R e s u l t s 

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

s t i m u l i S^, Sg and S^ each e l i c i t e d d e s c r i p t i o n s 

of t h e i r p o s i t i v e a f t e r i m a g e s . S^ was d e s c r i b e d 

as the l e t t e r ' H ' o r a s ' rugby posts', as the l e t t e r 

'M'and S^ as'H'or 'rugby posts' w i t h a n ' e x t r a line'. 

F i r s t l i n e drawing p r e s e n t a t i o n . The r e s p o n s e s 

o b t a i n e d upon the f i r s t p r e s e n t a t i o n of the 

ambiguous l i n e drawing where Ss r e p o r t e d the 

appearance of the p o s i t i v e a f t e r i m a g e were c a t e g o r i s e d 

as young or o l d woman. A l l Ss d e s c r i b e d i t as a 

woman's f a c e , a young woman response being s c o r e d 

f o r a response s i m i l a r to "woman l o o k i n g away over 

her s h o u l d e r " and o l d woman f o r a response of the 

type "woman w i t h a b i g nose," 

Ten Ss were each i n i t i a l l y p r e s e n t e d w i t h 
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s t i m u l u s AL y i e l d i n g 6 YW and 4 OW responses and 

ten w i t h s t i m u l u s AR g i v i n g 7 YW and 3 OW 

responses. Thus, each s t i m u l u s was p e r c e i v e d w i t h 

a p r e f e r e n c e f o r r e p o r t i n g YW, t h e r e b e i n g no 

d i f f e r e n c e between the two s t i m u l i w i t h r e s p e c t 

t o the p r o p o r t i o n o f responses a t t a i n e d , (X. =0 NS). Eleven 

Ss responded as the same aspect t o both the 

s t i m u l u s cards - 4 males responding as OW and 

7 females g i v i n g 6 YW and 1 OW responses. 

Con s i d e r i n g the f i r s t p r e s e n t a t i o n o f b o t h s t i m u l i 

AL and AR t o each S then s t i m u l u s AL r e c e i v e d 10 

YW and 10 OW responses w i t h AL a c h i e v i n g 11 YW and 

9 OW responses ( S i g n t e s t : p = 1.0, N.S.). 

Photograph and l i n e drawings. The photograph 

of B o ring's f i g u r e was r e a d i l y p e r c e i v e d as 

d e p i c t i n g b o t h aspects. The m a j o r i t y o f Ss had 

seen i t b e f o r e . On p r e s e n t a t i o n o f s t i m u l i AL and 

AR a f t e r the photograph, w i t h the room l i g h t s on, 

Ss had no d i f f i c u l t y i n p e r c e i v i n g the s t i m u l u s 

cards as l i n e drawings of t h i s photograph. Some 

Ss r e p o r t e d t h a t the l e f t f a c i n g c ard was more 

l i k e the YW than the o t h e r . T h i s was p r o b a b l y 

r e l a t e d t o t h e f a c t t h a t the photograph was a l s o 

l e f t f a c i n g . A l l Ss were able t o a l t e r n a t e between 

the two aspects w i t h b o t h the photograph and the 

l i n e drawings. 

A f t e r i m a g e s . A f t e r the above c o n d i t i o n s a l l 

Ss r e p o r t e d the a b i l i t y t o p e r c e i v e b o t h aspects i n 
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Male Female O v e r a l 1 
T o t a l T o t a l T o t a l 

F i x a t i o n OW YW OW YW OW YW 
P o s i t i o n 

1 0 10 0 10 0 20 
2 2 8 2 8 4 16 
3 5 5 4 6 9 11 
4 2 8 3 7 5 15 ; 
5 1 9 0 10 1 19 1 

6 7 3 5 5 12 s 1 
7 6 4 5 5 11 9 i 

; 8 6 4 7 3 13 7 
9 6 4 8 2 14 6 

10 8 2 5 5 13 7 
11 9 1 9 1 18 2 
12 6 4 8 2 14 6 
13 8 2 7 3 15 5 i 14 6 4 6 4 12 8 ! 
15 9 1 6 4 15 5 ! 1 1 

Table 3.1 Male, female and o v e r a l l number o f YW 
responses f o r each f i x a t i o n p o s i t i o n . 

1 

20 16 

8 6 
8 

F i g u r e 3.9 The t o t a l number o f YW responses 
at each f i x a t i o n p o s i t i o n . 

B 

( a ) ( b ) ( 
F i g u r e 3.10 T h e 3 s t i m u l u s a r e a s > 
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the a f t e r i m a g e ( i . e . a l t e r n a t e between them) when 

i n s t r u c t e d t o do so u s i n g f i x a t i o n p o s i t i o n X. No 

S r e p o r t e d b o t h aspects i n the subsequent 18 

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

The i n d i v i d u a l data f o r the d i f f e r e n t c o n d i t i o n s 

i s shown i n Table A . l (Appendix A). I n a l l cases 

the repeated c o n d i t i o n y i e l d e d the same response. 

Male, female and o v e r a l l responses per f i x a t i o n 

p o s i t i o n are shown i n Table 3.1. A p p l y i n g F i s h e r ' s 

exact p r o b a b i l i t y t e s t t o examine d i f f e r e n c e s between male-

female responses per f i x a t i o n p o s i t i o n y i e l d e d no 

s i g n i f i c a n t d i f f e r e n c e s between the two sexes 

(p>0.05 i n a l l cases). 

Taking an i n d i c a t o r v a r i a b l e of 1 f o r a YW 

response and 0 f o r an OW response the i n d i v i d u a l 

data f o r the 20 Ss on the 15 f i x a t i o n p o s i t i o n s was 

then analysed u s i n g Cochran's Q t e s t which proved 

s i g n i f i c a n t (Q = 83, p < . 0 0 1 ) . Thus, the d i f f e r e n t 

f i x a t i o n p o s i t i o n s d i d a l t e r t h e responses t o the 

s t i m u l i . The o v e r a l l number of YW responses per 

f i x a t i o n p o s i t i o n i s shown i n F i g u r e 3. 9 where 

these are superimposed over the a p p r o p r i a t e 

f i x a t i o n p o s i t i o n i n the p i c t u r e . 

S t i m u l i OL and OR y i e l d e d p r e d o m i n a n t l y OW 

responses. For f i x a t i o n p o s i t i o n 1 these were 17 

OW and 3 YW responses and f o r f i x a t i o n p o s i t i o n 3 

t h e r e were 18 OW and 2 YW responses. Both o f these 

are s i g n i f i c a n t l y d i f f e r e n t ( S i g n t e s t , p < .001 

and p = , 02 r e s p e c t i v e l y ) , from those c o r r e s p o n d i n g 
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f i x a t i o n p o s i t i o n s on s t i m u l i AL and AR. 

A l l Ss responses were timed from the f l a s h 

discharge t o the v e r b a l r e p o r t . This was merely 

t o check t h a t the response d i d not immediately 

f o l l o w the f l a s h , i n which case the response would 

not be t o the p o s i t i v e a f t e r i m a g e . These times 

ranged from 6 - 12s. 

3.6.7. D i s c u s s i o n 

The t h r e e s t i m u l i , and Sg were used t o 

f a m i l i a r i s e Ss w i t h b o t h the appearance o f 

a f t e r i m a g e s and w i t h the e x p e r i m e n t a l t e c h n i q u e . 

A l l Ss r e p o r t e d these s t i m u l i a p p r o p r i a t e l y . Ŝ  

was r e p o r t e d as 'H' or 'rugby g o a l p o s t s , ' as 

'M' and S^ was r e p o r t e d as 'H' w i t h an e x t r a l i n e . 

A f t e r p r e s e n t a t i o n of these 3 s t i m u l i Ss would 

have some form o f s e t t o expect a l e t t e r - l i k e 

s t i m u l u s , y e t when s t i m u l u s AL or AR was then 

p r e s e n t e d a l l Ss p e r c e i v e d i t as a woman's fac e . 

H a l f o f the Ss were i n i t i a l l y p r e s e n t e d w i t h AL 

and h a l f w i t h AR, t h e r e b e i n g no s i g n i f i c a n t 

d i f f e r e n c e i n responses o b t a i n e d t o each s t i m u l u s 

and thus the s t i m u l i were not d i f f e r e n t i a l l y b i a s e d 

w i t h r e s p e c t t o each o t h e r . 

Before p r e s e n t i n g the 18 e x p e r i m e n t a l c o n d i t i o n s 

Ss were shown a photograph o f B o r i n g ' s ambiguous 

f i g u r e , f o l l o w e d by the two e x p e r i m e n t a l s t i m u l i , l i n e 

drawings o f t h i s f i g u r e . The purpose of t h i s was t o 

a c q u a i n t Ss w i t h b o t h aspects and thus attempt t o 
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remove any s y s t e m a t i c b i a s on b e h a l f o f a S t o 

pe r c e i v e o n l y one aspect. Using the photograph 

both aspects were v e r b a l l y d e s c r i b e d i f any S had 

d i f f i c u l t y i n p e r c e i v i n g them. Ss then viewed 

the l i n e drawings, a l l Ss at t h i s stage b e i n g 

able t o a l t e r n a t e between both aspects i n these 

drawings. Ss had no d i f f i c u l t y w i t h a l t e r n a t i n g 

w i t h e i t h e r the l e f t or r i g h t f a c i n g v e r s i o n s . 

The l i n e s t i m u l i were p r e s e n t e d some d i s t a n c e 

from S t o p r e v e n t him p e r c e i v i n g the s m a l l 

p i n h o l e s . 

Ss were then p r e s e n t e d w i t h s t i m u l i AL and 

AR under a f t e r i m a g e v i e w i n g c o n d i t i o n s w i t h a 

c e n t r a l f i x a t i o n s p o t . They were i n s t r u c t e d t o 

r e p o r t i f they c o u l d p e r c e i v e b o t h aspects i n the 

a f t e r i m a g e , a l l Ss r e p o r t e d t h i s a b i l i t y . T h i s 

demonstrated t h a t the s i z e o f s t i m u l u s d i d not 

pr e c l u d e the p e r c e p t i o n o f e i t h e r aspect as w e l l 

as showing t h a t when i n s t r u c t e d t o do so a l l Ss 

co u l d a l t e r n a t e the a f t e r i m a g e o f the s t i m u l u s . 

No S r e p o r t e d such a l t e r n a t i o n i n the e x p e r i m e n t a l 

c o n d i t i o n s when they were i n s t r u c t e d t o r e p o r t 

the appearance o f the l i n e drawing i n the p o s i t i v e 

a f t e r i m a g e . T h i s i s d e s p i t e the p r o x i m i t y o f 

f i x a t i o n p o s i t i o n X and the e x p e r i m e n t a l f i x a t i o n 

p o s i t i o n 3. ( F i g u r e 3.5). 

A l t e r i n g the f i x a t i o n p o s i t i o n does a f f e c t 

the r e s u l t a n t p e r c e p t i o n o f the p i c t u r e ( F i g u r e 3.9 ) 
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The number o f YW responses i n c r e a s e s as the 

f i x a t i o n p o s i t i o n approaches the YE element 

whereas the number o f OW responses increases f o r 

f i x a t i o n s near the M element of t h e p i c t u r e . 

An e x p l a n a t i o n o f these r e s u l t s c o u l d then 

be proposed on the b a s i s o f emphasising the almost 

e x c l u s i v e importance o f f o v e a l v i s i o n . Assuming 

t h a t t h i s i s a main determinant o f s e l e c t i v e 

v i s u a l a t t e n t i o n . Thus, i t c o u l d be argued t h a t 

the p i c t u r e i s composed o f a g e n e r a l f a c i a l o u t l i n e 

common t o b o t h aspects and t h a t the response o f YW 

or OW i s m a i n l y determined by which element (YE, 

E/EC, C, M) i s more i n f o v e a l v i s i o n . I f these 

elements themselves are biased i n the sense t h a t 

f i x a t i o n near a p a r t i c u l a r element i s more l i k e l y 

t o e l i c i t p e r c e p t i o n of one aspect than t h e o t h e r 

then a s p a t i a l d i s t r i b u t i o n o f p r o p o r t i o n s o f 

young o r o l d woman responses would be a t t a i n e d . 

The assumption i s t h a t as a r e s u l t o f the p r e -

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

e i t h e r aspect. Both schematic maps r e p r e s e n t i n g 

e i t h e r aspect are a v a i l a b l e t o him. Which aspect 

he r e p o r t s b e i n g m a i n l y determined by the element 

or elements more n e a r l y i n f o v e a l v i s i o n than any 

o t h e r element. The former element i s s e l e c t i v e l y 

a t t e n d e d t o which then t r i g g e r s a p a r t i c u l a r 

schematic map. These elements are p r e d i c t e d t o 

be d i f f e r e n t i a l l y weighted or bias e d towards e i t h e r 
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aspect thus e f f e c t i v e l y d e t e r m i n i n g the S's 

response. 

I f the YE element i s biased toward YW 

p e r c e p t i o n then f i x a t i o n near t h i s would produce 

a h i g h e r percentage o f YW responses. T h i s would 

seem t o be the case as f i x a t i o n i n a s i m i l a r 

p o s i t i o n on a s t i m u l u s (OL or OR) not c o n t a i n i n g 

t h i s element produced p r e d o m i n a n t l y OW responses. 

This shows t h a t i t i s not j u s t the f i x a t i o n 

p o s i t i o n which i s a f f e c t i n g which aspect i s 

r e p o r t e d but f i x a t i o n l o c a t i o n and the presence 

of a p a r t i c u l a r element. I f the mouth element 

were more b i a s e d toward the o l d woman aspect then 

f i x a t i o n near t h i s would be more l i k e l y t o 

produce OW responses. F i x a t i o n near the E/EC or 

CL (elements which may be construed as 

r e p r e s e n t a t i v e o f e i t h e r aspect) would then be 

expected t o produce more e q u i v o c a l p e r c e p t i o n o f 

both o f the aspects. 

T h i s type o f b i a s c o u l d be p r e d i c t e d from 

c o n s i d e r a t i o n o f the meaningfulness o f such 

elements. The YE element f o r the YW c o n s t i t u t e s 

b o t h her nose and e y e l a s h , as such i t then 

determines the d i r e c t i o n o f t h i s face so t h a t the 

E/EC i s more l i k e l y t o be c o n s t r u e d as an ear. 

The M element i s the mouth o f the o l d woman, thus 

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

aspect, whereas f o r t h e YW i t i s a neck band, 
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p o s s i b l y a l e s s i m p o r t a n t c o n s t i t u e n t . The cheek 

l i n e (CL) i s p a r t o f the nose o f the OW or cheek 

of the YW. The E/EC complex, however, i s a very 

meaningful conglomerate element which i s i m p o r t a n t 

t o both aspects, c o n s t i t u t i n g e i t h e r the o l d 

woman's eye or the young woman's ear. 

The problem w i t h an i n t e r p r e t a t i o n o f t h i s 

k i n d i s f o u r f o l d . F i r s t l y the a r b i t r a r y d e f i n i t i o n 

o f two elements as be i n g o f importance and the 

o t h e r two b e i n g o f l e s s importance. Secondly, and 

r e l a t e d t o the f i r s t , i s the assumption t h a t 

whereas 'an eye' (YE element) i s o f importance f o r 

one aspect a s i m i l a r element, E/EC when con s t r u e d 

as an eye, i s not e q u i v a l e n t l y p r e d i c t e d t o be 

i m p o r t a n t f o r p e r c e p t i o n o f the o l d woman. A 

t h i r d problem i s t h a t i t i s s i m p l i s t i c i n 

emphasising f o v e a l v i s i o n o n l y . 

A f o u r t h problem i s t h a t the data does not 

f u l l y s upport such an e x p l a n a t i o n . F i x a t i o n near 

the YE element does produce s o l e l y YW responses. 

However, f i x a t i o n a t p o s i t i o n 5 produces a ver y 

s i m i l a r p r o p o r t i o n o f YW responses . F i x a t i o n 

near the mouth does produce more OW responses, but 

does not produce the most extreme OW response. 

P o s i t i o n 11 e l i c i t s t h i s , where none o f the 

elements s e l e c t e d are f o v e a l l y viewed. F i x a t i o n 

p o s i t i o n s near the CL o r E/EC elements produce a 

p r o p o r t i o n o f b o t h OW and YW responses i n a 

manner as would be p r e d i c t e d by such an e x p l a n a t i o n . 
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An 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 the e f f e c t o f 

a l t e r i n g f i x a t i o n l o c a t i o n c o u l d be proposed which 

would emphasise the r o l e o f p a r t i c u l a r c i r c u m s c r i b e d 

p i c t o r i a l areas ( i . e . G e s t a l t e n ) w i t h which c e r t a i n 

elements may be a s s o c i a t e d . 

Thus, the f a c i a l area A,B,C,D,E i n F i g u r e 3. 1 0 ( a ) . 

c o n s t i t u t e s the face o f the o l d woman aspect w i t h 

the f o u r elements b e i n g p a r t i c u l a r component 

f a c i a l f e a t u r e s . I n c o n t r a s t the young woman may 

w e l l be r e p r e s e n t e d by a s m a l l e r f a c i a l area such 

as t h a t bounded by the c h e e k l i n e ( a r e a A,B,E i n 

Figure 3.10(b)) o r bounded by the mouth element 

i t s e l f ( F i g u r e 3.10(c)). As such the mouth and 

ch e e k l i n e would f u n c t i o n not as elements but as 

p a r t o f the o u t l i n e . Closure has been r e p o r t e d i n 

s t a b i l i s e d images and t h i s c o u l d occur w i t h the 

ch e e k l i n e t o form a l i n e BE, a l t h o u g h i t was not 

r e p o r t e d a f t e r the pr e s e n t experiment by any S. 

I f i t was the case t h a t the YW aspect was 

then r e p r e s e n t e d by a s m a l l e r f i g u r a l area than 

t h a t o f the OW t h i s may be a reason why Boring ' s 

ambiguous f i g u r e i s p r e d o m i n a n t l y r e p o r t e d as 

r e p r e s e n t i n g YW. That i s the s m a l l e r f i g u r a l area 

i s b e i n g r e p o r t e d as b e i n g dominant, a f i n d i n g i n 

agreement w i t h t h a t o f Rubin (1915); discussed i n 

s e c t i o n 2.2.1). I f t h i s was so then responses t o 

the s t i m u l u s w i t h one or both o f these two 

elements (M and CL) absent and f i x a t i o n i n the 
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upper p a r t o f the f i g u r e would be p r e d i c t e d t o be 

more OW than o b t a i n e d when such elements were 

pr e s e n t . F i x a t i o n lower i n the p i c t u r e , which 

produces more OW responses and which are 

hypothesised t o be based upon i n t e r p r e t a t i n g the 

M element as the mouth o f the o l d woman, would be 

more d i f f i c u l t t o p r e d i c t . 

By t h i s l a t t e r e x p l a n a t i o n the e f f e c t o f 

a l t e r i n g f i x a t i o n p o s i t i o n would be t h a t the 

p a r t i c u l a r G e s t a l t e n i n v o l v e d would be l a r g e l y 

determined by where the S i s f i x a t i n g . 

The p r e s e n t experiment does not p r o v i d e 

enough i n f o r m a t i o n t o choose between these 

a l t e r n a t i v e e x p l a n a t i o n s . I n the next experiment 

the e f f e c t s o f removing the M and CL elements was 

i n v e s t i g a t e d i n o r d e r t o t e s t between these two 

p o s s i b l e accounts. 

3.7. EXPERIMENT 2. 

3.7.1. I n t r o d u c t i o n 

The p r e v i o u s experiment demonstrated t h a t 

a l t e r i n g t h e f i x a t i o n l o c a t i o n p r i o r t o p a i n t i n g 

the a f t e r i m a g e o f the ambiguous o u t l i n e s t i m u l u s 

d i d a f f e c t t h e p r o p o r t i o n o f YW or OW responses 

o b t a i n e d . A p o s s i b l e e x p l a n a t i o n f o r t h i s 

i n v o l v i n g s e l e c t i v e v i s u a l a t t e n t i o n and area o f 

s t i m u l u s f i x a t e d was proposed which i n v o l v e d 



230 

i n t e r p r e t a t i o n o f the f o u r p i c t o r i a l elements. 

The e f f e c t o f the presence o f absence o f one o f 

these elements (YE) a t two f i x a t i o n p o s i t i o n s 

was determined. An a l t e r n a t i v e e x p l a n a t i o n 

emphasised the p o s s i b l e r o l e p l a y e d by the M and 

CL elements as boundaries o f a G e s t a l t . 

The present experiment set out t o study the 

e f f e c t o f presence or absence o f the mouth (M) and 

cheek (CL) elements. I t was, t h e r e f o r e , a t e s t 

between these two hypotheses. Two o f the p r e v i o u s 

f i x a t i o n p o s i t i o n s were used, these b e i n g 

p o s i t i o n s 2 and 7. P o s i t i o n 2 i s l o c a t e d near the 

two elements YE and E/EC w h i l e p o s i t i o n 7 i s 

l o c a t e d between the M and CL elements, b e i n g nearer 

the former. 

A c c o r d i n g t o the f i r s t proposed e x p l a n a t i o n , 

the main d e t e r m i n a n t o f the response was due t o 

the element more n e a r l y i n f o v e a l v i s i o n , then no 

e f f e c t o f a l t e r i n g t h e two elements M and CL 

should be found f o r p o s i t i o n 2 w h i l e f o r p o s i t i o n 

7 some e f f e c t s h o u l d occur. I t was h y p o t h e s i s e d 

t h a t the M element was a main d e t e r m i n a n t o f OW 

p e r c e p t i o n and thus absence o f t h i s element s h o u l d 

le a d t o an i n c r e a s e i n YW responses f o r t h i s 

l a t t e r f i x a t i o n p o s i t i o n . The cheek element (CL) 

was proposed not t o have such an e f f e c t on 

d e t e r m i n i n g t h e response and so the presence o r 

absence o f t h i s element s h o u l d not a f f e c t the 
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p r o p o r t i o n o f young o r o l d woman responses a t the 

lower f i x a t i o n p o s i t i o n . 

F i x a t i o n l o c a t i o n i t s e l f was p r e d i c t e d t o 

a f f e c t p e r c e p t i o n o f the ambiguous f i g u r e i n 

t h a t more YW responses were p r e d i c t e d t o occur 

f o r p o s i t i o n 2 than f o r p o s i t i o n 7. 

An 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 the r e s u l t s o f 

the p r e v i o u s experiment was a l s o proposed 

i n v o l v i n g t h e YW aspect b e i n g r e p r e s e n t e d by a 

s m a l l e r G e s t a l t than the OW aspect. The CL and 

M elements were proposed i n such an i n s t a n c e t o 

f u n c t i o n not as elements but merely as p a r t o f 

the o u t l i n e . Thus, i n the absence o f these 

elements a g r e a t e r p r o p o r t i o n o f OW responses 

should be o b t a i n e d when f i x a t i n g i n the upper 

p a r t o f the f i g u r e , i . e . i n the absence o f the 

elements t h a t produce the necessary G e s t a l t area 

r e p r e s e n t i n g t h e YW aspect then the OW response 

should be found more o f t e n . With f i x a t i o n i n the 

lower p a r t o f the p i c t u r e the M and CL elements 

are p a r t o f t h e o v e r a l l OW face and so t h e i r 

absence may i n c r e a s e YW responses. 

I n Chapter 2 arguments were proposed f o r the 

choice o f an ambiguous r a t h e r than a r e v e r s i b l e 

p e r s p e c t i v e f i g u r e i n t h i s r e s e a r c h . The second 

p a r t o f the p r e s e n t experiment i n v o l v e d a Necker 

cube u s i n g t h e same a f t e r i m a g e t e c h n i q u e . Having 

demonstrated t h a t d i f f e r e n t f i x a t i o n p o s i t i o n s 
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a f f e c t the response o b t a i n e d t o an ambiguous 

f i g u r e then t h i s e f f e c t s hould p o s s i b l y a l s o 

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

The d e c i s i o n t o use an ambiguous f i g u r e was 

p a r t l y determined by the response problems w i t h 

such f i g u r e s ( i . e . p o s s i b i l i t y o f m u l t i p l e 

aspects b e i n g r e p o r t e d and not j u s t the two 

a l t e r n a t i v e a s p e c t s ) . I t was h y p o t h e s i s e d t h a t 

a l t e r i n g the f i x a t i o n l o c a t i o n on t h i s f i g u r e 

s h ould a f f e c t whether t he Necker cube was p e r c e i v e d 

t o be i n the 'near face down' or the 'near face up' 

v e r s i o n . Although t h i s i s r e p o r t e d s e p a r a t e l y i t 

was c a r r i e d out u s i n g the same Ss a f t e r they had 

performed the experiment w i t h the ambiguous 

f i g u r e -

3.7.2. P a r t 1. The Ambiguous F i g u r e 

3.7.3. S u b j e c t s 

Twenty f i r s t year undergraduate psychology 

s t u d e n t s served as Ss. 10 male and 10 female. 

3.7.4. S t i m u l i 

Two s t i m u l i were c o n s t r u c t e d i n a s i m i l a r 

manner t o s t i m u l i AL and AR i n the f i r s t experiment 

except t h a t t h e M and CL elements were absent. 

These two elements were c a r e f u l l y c u t out o f b l a c k 

card. They c o u l d be a t t a c h e d t o the s t i m u l i so as 

t o produce the f o u r s t i m u l i (A,B,C,and D) shown i n 

F i g u r e 3. H which c o u l d be p r e s e n t e d as f a c i n g 

e i t h e r l e f t o r r i g h t . 
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B 
M and CL absent M absent 

c D 
CL absent M and CL p r e s e n t 

F i g u r e 3.11 The 4 s t i m u l i w i t h the 2 elements 

( M and CL ) p r e s e n t or absent. 
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Each c a r d c o n t a i n e d two f i x a t i o n p o s i t i o n s 

e q u i v a l e n t t o p o s i t i o n s 2 and 7 i n the p r e v i o u s 

experiment.Also s t i m u l i S^,S2, and Sg were again used. 

3.7.5. Apparatus 

The v i e w i n g box was redesigned. I t was 

c o n s t r u c t e d from plywood and p a i n t e d matt b l a c k 

both i n s i d e and o u t . An a d j u s t a b l e c h i n - r e s t 

mounted on a s m a l l o p t i c a l bench at r i g h t angles 

t o the S was p o s i t i o n e d b e f o r e t h e box. Rubber 

goggles were mounted i n the f r o n t face o f the box 

and these t o g e t h e r w i t h the c h i n - r e s t p r o v i d e d a f a i r l y 

r i g i d head r e s t r a i n t . An aluminium o c c l u d e r , 

p a i n t e d matt b l a c k , c o u l d be s l i d across behind 

the goggles t o o b l i t e r a t e the S's v i s i o n . I n 

a d d i t i o n , two separate o c c l u d e r s were used t o 

ind e p e n d e n t l y c u t o f f e i t h e r of t h e S's eyes. 

The flashgun, s t i m u l u s h o l d e r and the r e s t o f the 

apparatus was the same as i n Experiment 1. The 

f r o n t o f the box w i t h a s s o c i a t e d goggles and c h i n 

r e s t i s shown i n F i g u r e 5 . 7 . (The o t h e r equipment 

shown i n t h i s F i g u r e were l a t e r m o d i f i c a t i o n s . ) 

3.7.6. Procedure 

The procedure c l o s e l y f o l l o w e d t h a t o f the 

p r e v i o u s experiment. A f t e r a d j u s t i n g the c h i n r e s t 

so t h a t S's eyes were l e v e l w i t h t h e c e n t r e o f the 

s t i m u l u s h o l d e r , eye dominance was e s t a b l i s h e d and 

the n o n - p r e f e r r e d eye-piece o f t h e mask occluded. 

The f l a s h g u n b u t t o n was p o i n t e d out and then the 

room l i g h t s were t u r n e d o f f t o a l l o w S t o dark 
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adapt. The f o l l o w i n g i n s t r u c t i o n s were then g i v e n : 

" I n a few minutes you w i l l be able 
t o see a s m a l l green luminous spot 
i n f r o n t o f you. I want you t o 
f i x a t e the spot and then press the 
b u t t o n , t h i s w i l l cause the f l a s h g u n 
t o d ischarge and you w i l l sec a 
b r i l l i a n t f l a s h . A f t e r the f l a s h g u n 
has discharged I want you t o c l o s e 
your eyes l i g h t l y and then t e l l me 
what you see." 

A f t e r the S had dark adapted (5-10 mins.) he was 

then s e q u e n t i a l l y p r e s e n t e d w i t h the t h r e e 

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

c o l o u r changes and t o v e r b a l l y r e p o r t "what i t was 

a p i c t u r e o f " when the p o s i t i v e a f t e r i m a g e c o u l d 

be p e r c e i v e d . The phenomenon o f f r a g m e n t a t i o n was 

p o i n t e d out t o the Ss d u r i n g these p r e s e n t a t i o n s : 

"You w i l l f i n d t h a t the l i n e s o f the 
p i c t u r e fade and reappear, sometimes 
you may not be able t o n o t i c e them, 
t h i s i s c a l l e d f r a g m e n t a t i o n . " 

I n a s i m i l a r f a s h i o n S was then p r e s e n t e d w i t h 

one o f the v e r s i o n s o f B o r i n g ' s f i g u r e ( s t i m u l u s D 

f a c i n g l e f t o r r i g h t ) u s i n g the c e n t r a l f i x a t i o n 

p o s i t i o n X. 

The room l i g h t s were then t u r n e d on and the 

photograph o f B o r i n g ' s f i g u r e p r e s e n t e d . The S 

was asked i f he had seen i t b e f o r e and t o d e s c r i b e 

what the photograph r e p r e s e n t e d . I f i n i t i a l l y 

unable t o p e r c e i v e both aspects then the e x p e r i m e n t e r 

v e r b a l l y a i d e d S t o a t t a i n t h i s a b i l i t y . When able 

t o a l t e r n a t e between b o t h aspects then s t i m u l i AL 

and AR from Experiment 1 were s i m u l t a n e o u s l y shown 
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some d i s t a n c e away. The s u b j e c t was t o l d : 

"Here are some o l d drawings I have 
of t h i s p i c t u r e . Can you see both 
the young and o l d woman i n t h e s e ? 
I want you to look a t t h e s e c a r d s 
f o r a few minutes and p r a c t i c e being 
a b l e to see both a s p e c t s i n them. 
O.K." 

A f t e r 2-3 minutes the room l i g h t s were 

turned o f f again and S a l l o w e d to dark adapt. Two 

p r e s e n t a t i o n s of the f u l l f i g u r e u s i n g f i x a t i o n 

p o s i t i o n X were then g i v e n w i t h the S being 

i n s t r u c t e d to r e p o r t i f he co u l d p e r c e i v e both 

the young and o l d woman i n the p o s i t i v e a f t e r i m a g e . 

H a l f the Ss f i r s t r e c e i v i n g s t i m u l u s D f a c i n g 

r i g h t and then on the second o c c a s i o n f a c i n g l e f t . 

T h i s order was r e v e r s e d f o r the o t h e r h a l f of the 

Ss. 

The S was then i n s t r u c t e d t h a t he would r e c e i v e 

a s e r i e s of s t i m u l i s i m i l a r to the ones he had j u s t 

seen and t h a t he had to r e p o r t whether i t was a 

p i c t u r e of the young o r o l d woman as soon as he 

cou l d c l e a r l y see the p o s i t i v e a f t e r i m a g e . 

E i g h t p r e s e n t a t i o n s were then g i v e n u s i n g 

f i x a t i o n p o s i t i o n s 2 and 7 f o r each of the 4 

s t i m u l u s c o n d i t i o n s ; each S r e c e i v i n g one 

p r e s e n t a t i o n of each s t i m u l u s c o n d i t i o n at each 

f i x a t i o n p o s i t i o n . P r e s e n t a t i o n o r d e r was 

randomised and the s t i m u l u s c o n d i t i o n s were 

randomised a c r o s s both l e f t and r i g h t f a c i n g 

v e r s i o n s so t h a t each S r e c e i v e d four p r e s e n t a t i o n s 
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f o r each d i r e c t i o n . The t e c h n i q u e of p r e s e n t i n g 

these c o n d i t i o n s to the S was such t h a t the 

s t i m u l i were mounted i n the s t i m u l u s h o l d e r so 

t h a t the f i x a t i o n spot was always at the same 

p o s i t i o n on the s t i m u l u s h o l d e r ( i t s c e n t r e ) and 

thus d i r e c t l y a t S's eye l e v e l . T h i s was to p r e v e n t 

the S being a b l e to p r e d i c t the appearance of the 

aft e r i m a g e s i m p l y from the s p a t i a l p o s i t i o n of the 

f i x a t i o n spot. T h i s was not c o n s i d e r e d a problem 

i n the p r e v i o u s experiment as each S r e c e i v e d 15 

d i f f e r e n t p o s i t i o n s and not, as here, 2 p o s i t i o n s 

f o r 4 o c c a s i o n s each. The re s p o n s e s were timed from the f l a s h . 

A l l r e s p o n s e s made by S d u r i n g the experiment 

were met w i t h a non-committal "O.K." from the 

experimenter. 

3.7.7. R e s u l t s 

F i r s t p r e s e n t a t i o n , A f t e r the f a m i l i a r i s a t i o n 

s t i m u l i when the l i n e drawing of B o r i n g ' s ambiguous 

f i g u r e was p r e s e n t e d as an a f t e r i m a g e a l l the Ss 

r e c o g n i s e d i t as a woman's f a c e . Responses were 

i n t e r p r e t e d as young or o l d woman i n the same way 

as i n the p r e v i o u s experiment. YW was r e p o r t e d by 

13 Ss and OW by 7 S s . 

Photograph and l i n e drawings. A l l Ss r e a d i l y 

p e r c e i v e d both a s p e c t s i n the photograph of B o r i n g ' s 

f i g u r e and when s u b s e q u e n t l y shown the l i n e 

drawings i n the f r e e v i e w i n g s i t u a t i o n . Some of 

the Ss had seen the ambiguous f i g u r e p r e v i o u s l y . 
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A f t e r i m a g e s . When then p r e s e n t e d w i t h the 

s t i m u l u s so t h a t i t was p e r c e i v e d as an a f t e r i m a g e 

then a l l Ss r e p o r t e d the a b i l i t y to a l t e r n a t e 

between both a s p e c t s u s i n g f i x a t i o n p o s i t i o n X. 

No a l t e r n a t i o n was r e p o r t e d i n the subsequent 

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

The i n d i v i d u a l r e s p o n s e s to the f i x a t i o n 

p o s i t i o n s are shown i n Ta b l e A.2 (Appendix A ) . 

No S responded YW or OW to a l l the e x p e r i m e n t a l 

c o n d i t i o n s , although 2 Ss gave only one OW 

response each. T h i s was d e s p i t e them b e i n g a b l e 

to p e r c e i v e both a s p e c t s when shown the s t i m u l i 

i n the f r e e v i e w i n g s i t u a t i o n as w e l l as bei n g 

able to a l t e r n a t e on the a f t e r i m a g e when i n s t r u c t e d 

to do so. 

F i g u r e 3.12 i s a histo g r a m showing the t o t a l 

number of YW r e s p o n s e s to the s t i m u l u s c o n d i t i o n s 

at both f i x a t i o n p o s i t i o n s . When th e s e a r e 

c o n s i d e r e d i n a s c e n d i n g o r d e r of number of YW 

resp o n s e s then w i t h one e x c e p t i o n f i x a t i o n 

p o s i t i o n 2 produced more YW re s p o n s e s than d i d 

the a l t e r n a t e f i x a t i o n p o s i t i o n . 

The i n d i v i d u a l d a t a can be grouped t o g e t h e r 

i n t o a p p r o p r i a t e matched p a i r s of s t i m u l i to 

examine the e f f e c t s of both f i x a t i o n l o c a t i o n and 

elements such t h a t the d i f f e r e n c e between one p a i r 

and another i s the p r e s e n c e or absence of one 

p a r t i c u l a r element a t each f i x a t i o n p o s i t i o n . For 
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F i g u r e 3.13 T o t a l number of YW r e s p o n s e s f o r the p r e s e n c e ( p ) 
or a b s e n c e ( a ) of the 2 elements at both 
f i x a t i o n p o s i t i o n s . 
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i n s t a n c e , s t i m u l i p a i r s A-B and C-D i l l u s t r a t e 

the absence or p r e s e n c e of the c h e e k l i n e element 

which can be c o n s i d e r e d at e i t h e r of the f i x a t i o n 

l o c a t i o n s . The dichotomous response of YW or OW 

was s c o r e d as 1 or 0 r e s p e c t i v e l y . P r e s e n c e of 

the M element s i g n i f i c a n t l y i n c r e a s e d the number 

of OW r e s p o n s e s (Wilcoxon matched-pairs signed-

rank t e s t : T = 10 f o r N = 12 S s , p < -02 a t 

p o s i t i o n 2; T = 18.5 f o r N = 14, p < .05 f o r 

p o s i t i o n 7; a l l p r o b a b i l i t i e s are 2 t a i l e d ) . 

P r esence or absence of the CL elementwas not 

s i g n i f i c a n t at e i t h e r p o s i t i o n (T = 11 f o r N = 10 

at p o s i t i o n 2; T = 22 f o r N = 11 at p o s i t i o n 7, 

p > .05 i n both c a s e s ) . °nly at p o s i t i o n 2 d i d i t s 

p r e s e n c e i n c r e a s e the number of YW r e s p o n s e s . 

A p p l y i n g the same a n a l y s i s to the e f f e c t of 

f i x a t i o n p o s i t i o n , where the f i x a t i o n p o s i t i o n s a r e 

compared a c r o s s a l l the s t i m u l u s c o n d i t i o n s , 

y i e l d s a s i g n i f i c a n t d i f f e r e n c e (T = 9 f o r N = 18, 

p < . 0 1 ) . F i x a t i o n a t p o s i t i o n 2 i n c r e a s i n g the 

number of YW r e s p o n s e s . F i g u r e 3.13 shows t h e s e r e s u l t s . 

A l l Ss r e s p o n s e s were timed from the 

d i s c h a r g e of the f l a s h g u n to the i n i t i a l 

v e r b a l i s a t i o n of the r e p o r t e d p e r c e p t to check 

t h a t the response d i d not immediately f o l l o w the 

f l a s h g u n d i s c h a r g e . 

The d i s a d v a n t a g e of the Wilcoxon t e s t i s 

t h a t p o s s i b l e i n t e r a c t i o n s can not be i n v e s t i g a t e d . 
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The b i n a r y d a t a (YW = 1, OW = 0) forms a b i n o m i a l 

d i s t r i b u t i o n which i s not s u i t a b l e f o r treatment 

by A n a l y s i s of V a r i a n c e . However i t can be 

a n a l y s e d as a q u a n t a l response model u s i n g GLIM 

(Baker and Nelder, 1978) i n which i n t e r a c t i o n s 

can be s t u d i e d . T h i s i s a s t a t i s t i c a l program 

package f o r g e n e r a l i s e d l i n e a r models. The raw 

data was f i r s t t r a n s f o r m e d u s i n g the l o g i t 

t r a n s f o r m a t i o n (Cox, 1970). 

The method of u s i n g t h i s a n a l y s i s i n v o l v e s 

f i r s t f i t t i n g a n u l l model ( t h i s i s a s i m p l e 

model, t y p i c a l l y not f u l l y a c c o u n t i n g f o r the 

d a t a ) and then s u c c e s s i v e l y adding parameters 

( h e r e t h e r e a r e t h r e e parameters, two p i c t o r i a l 

elements and f i x a t i o n p o s i t i o n ) and the 

i n t e r a c t i o n s between each parameter. As each 

parameter i s f i t t e d the s t a t i s t i c c a l l e d the s c a l e d 

d e viance and i t s degrees of freedom ar e 

e s t i m a t e d . The e f f e c t of adding a parameter i s 

given by the d i f f e r e n c e i n the s c a l e d d e v i a n c e 

having added i t to t h a t e x i s t i n g beforehand. T h i s 

d i f f e r e n c e w i t h the c o r r e s p o n d i n g d i f f e r e n c e i n 

degrees of freedom i s d i s t r i b u t e d as X which g i v e s 

an e s t i m a t e of the u s e f u l n e s s of t h i s parameter to 

the model. 

T a b l e 3.2 shows the e f f e c t on the s c a l e d 

d e viance produced by each a d d i t i v e parameter t o g e t h e r 
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w i t h i t s c o r r e s p o n d i n g degrees of freedom and 

% v a l u e . S i g n i f i c a n t e f f e c t s were o b t a i n e d f o r 

the f i x a t i o n p o s i t i o n and f o r the mouth (p<T0.001). 

None of the i n t e r a c t i o n e f f e c t s were s i g n i f i c a n t . 

To p r o v i d e a f i n a l model only the 

s i g n i f i c a n t parameters of p o s i t i o n and mouth were 

r e f i t t e d ( T a b l e 3.3 ) . When t h i s was done the 

s c a l e d deviance remaining a f t e r f i t t i n g the f i n a l 

model gave an i n d i c a t i o n of the adequacy of the 

f i t of t h i s model. The d i f f e r e n c e i n s c a l e d 

deviance between the i n i t i a l n u l l f i t and t h i s can 

be e x p r e s s e d as a pe r c e n t a g e . I n t h i s way the model 

e x p l a i n s 79.4% of the data. The remaining s c a l e d 

deviance can a l s o be used to e s t i m a t e the 

c o n t r i b u t i o n to the data of u s i n g each S i n a l l the 

c o n d i t i o n s which may i n v a l i d a t e the use of ~)C 
n 

I n t h i s way/K was taken as 9.3 w i t h 19 d.f. ( f o r 20Ss,p>.95) 

which was not s i g n i f i c a n t and soX use was 

not i n v a l i d a t e d . 

Comparison w i t h Experiment 1 r e s u l t s . S t i m u l u s 

D i s the same as the s t i m u l u s used i n Experiment 1. 

The p r o p o r t i o n of young or o l d woman r e s p o n s e s a t 

the two f i x a t i o n p o s i t i o n s used i n the p r e s e n t 

experiment can be d i r e c t l y compared w i t h the 

p r o p o r t i o n s f o r the same p o s i t i o n s i n the p r e v i o u s 

experiment. F i x a t i o n a t p o s i t i o n 2 produced 14 YW 

and 6 OW r e s p o n s e s compared to 16 YW and 4 OW 
v 2 

res p o n s e s i n the p r e v i o u s experiment ( A = 0.13, N.S.) 
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PARAMETERS 
SCALED 

DEVIANCE DF X 2 DF P 

N u l l F i t 45. 1 7 
P 24. 14 6 20. 96 1 .001 
M 9.3 5 14. 84 1 .001 

CL 9. 17 4 0. 13 1 NS 
P x M 9. 01 3 0. 16 1 NS 
P x CL 5. 36 2 3.65 1 NS 
M x CL 5. 33 1 0. 03 1 NS 

P x M x CL 0. 0 0. 1 NS 

P = f i x a t i o n p o s i t i o n 
M and CL = elements 
x = i n t e r a c t i o n 

T a b l e 3.2 The f u l l GLIM a n a l y s i s . 

PARAMETERS 
SCALED 

DEVIANCE DF x2 DF P 
N u l l F i t 45. 1 7 

P 24. 14 6 20. 96 1 .001 

M 9.3 5 14.84 1 .001 

T a b l e 3.3 The f i n a l GLIM model. 
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P o s i t i o n 7 e l i c i t e d 6 YW and 14 OW r e s p o n s e s w i t h 

the p r o p o r t i o n produced by the p r e v i o u s experiment 

bein g 9 YW and 11 OW ( X*"= 0.43, N.S.). The 

p r o p o r t i o n of r e s p o n s e s o b t a i n e d i n the two 

experiments are s i m i l a r i n both i n s t a n c e s . 

3.7.8. D i s c u s s i o n 

On the f i r s t p r e s e n t a t i o n of the ambiguous 

l i n e drawing where S s r e p o r t e d the appearance of 

i t s a f t e r i m a g e a h i g h e r p r o p o r t i o n of YW re s p o n s e s 

was o b t a i n e d . A f t e r the i n i t i a l f a m i l i a r i s a t i o n 

w i t h both the appearance of a f t e r i m a g e s and the 

ambiguous s t i m u l u s a l l Ss c o u l d r e a d i l y a l t e r n a t e 

the appearance of the a f t e r i m a g e when i n s t r u c t e d 

to do so. 

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

two f i x a t i o n p o s i t i o n s which were s e l e c t e d from 

Experiment 1. Comparing the same s t i m u l u s 

c o n d i t i o n s between the p r e s e n t experiment and 

Experiment 1 r e v e a l e d no s i g n i f i c a n t d i f f e r e n c e 

i n p r o p o r t i o n s of young or o l d woman repon s e s . 

When the two f i x a t i o n p o s i t i o n s a r e compared 

o v e r a l l the p r e s e n t e x p e r i m e n t a l c o n d i t i o n s a 

s i g n i f i c a n t d i f f e r e n c e was found between t h e s e 

two l o c a t i o n s such t h a t p o s i t i o n 2 e l i c i t e d more 

YW r e s p o n s e s and p o s i t i o n 7 more OW r e s p o n s e s . 

As w e l l as f i x a t i o n p o s i t i o n a f f e c t i n g t h e 

response, the p r e s e n c e or absence o f the mouth 

and cheek^kline was i m p o r t a n t . P r e s e n c e of the 
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mouth s i g n i f i c a n t l y i n c r e a s e d the number of OW 

responses o b t a i n e d a t both d i s p a r a t e f i x a t i o n 

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

p o s i t i o n 2 demonstrates t h a t the M element does 

not a c t as a boundary of the G e s t a l t r e p r e s e n t i n g 

the YW a s p e c t . I n s t e a d i t demonstrates t h a t f o r 

both p o s i t i o n s t h i s element was i n t e r p r e t e d as 

the mouth of the OW a s p e c t . T h i s happened when 

the S was not f i x a t i n g near such an element but 

r a t h e r some d i s t a n c e away. 

The e f f e c t of the c h e e k l i n e ( C L ) element was 

to i n c r e a s e ( a l t h o u g h not s i g n i f i c a n t l y ) the 

p r o p o r t i o n of YW r e s p o n s e s a t f i x a t i o n p o s i t i o n 2 

when t h i s element was p r e s e n t and to s l i g h t l y 

i n c r e a s e the number of OW r e s p o n s e s a t the o t h e r 

f i x a t i o n p o s i t i o n . 

The use of GLIM a n a l y s i s confirmed the 

r e s u l t s of the Wilcoxon t e s t and a l l o w e d p o s s i b l e 

i n t e r a c t i o n s t o be i n v e s t i g a t e d . None of these 

i n t e r a c t i o n s were impo r t a n t . F or the lower 

f i x a t i o n p o s i t i o n , again no s i g n i f i c a n t e f f e c t of 

CL was o b t a i n e d , i t s p r e s e n c e e l i c i t i n g more OW 

re s p o n s e s . 

These r e s u l t s support those of the p r e v i o u s 

experiment by demonstrating t h a t S's response to 

the f i g u r e can be determined by f i x a t i o n l o c a t i o n 

and p i c t u r e elements. 

N e i t h e r of the two f i x a t i o n p o s i t i o n s 
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produces t r u e f o v e a l p e r c e p t i o n of e i t h e r of the 

two elements a l t e r e d i n the experiment. F or both 

f i x a t i o n l o c a t i o n s the p r o b a b i l i t y of a 

response was not only determined by the element 

n e a r e s t t o the f i x a t i o n p o s i t i o n but a l s o by 

elements some d i s t a n c e from the f i x a t i o n p o s i t i o n . 

These f i n d i n g s cause problems f o r both of 

the main hypotheses being t e s t e d . P e r c e p t i o n of 

the ambiguous f i g u r e i s not s o l e l y determined by 

the n e a r e s t element and the ' b i a s ' of t h a t element. 

N e i t h e r i s i t s o l e l y a matter of the YW a s p e c t 

being r e p r e s e n t e d by a s m a l l e r G e s t a l t . The M 

element produced more OW r e s p o n s e s a t both 

f i x a t i o n l o c a t i o n s . I t was, t h e r e f o r e , p e r c e i v e d 

as p a r t of a G e s t a l t a r e a making up the OW 

as p e c t when the S was f i x a t i n g i n the upper p a r t 

of the p i c t u r e . I t would seem t h a t more emphasis 

should be p l a c e d on the i n t e r p r e t a t i o n of 

elementsby p e r i p h e r a l v i s i o n r a t h e r than s i m p l y 

s t r e s s i n g e s s e n t i a l l y f o v e a l v i s i o n . 

The next experiment extended the p r e s e n t 

a l t e r a t i o n of 2 elements to a l t e r i n g a l l 4 elements. 

T h i s was to see i f the p r e s e n t r e s u l t s c o u l d be 

r e p l i c a t e d and a l s o to f u r t h e r e l a b o r a t e the r o l e 

of elements which a r e more p e r i p h e r a l l y viewed. 
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3.7.9. P a r t 2. The Necker Cube 

T h i s was run as p a r t of the p r e v i o u s 

experiment u s i n g 15 of the same S s . 

3.7.10. S t i m u l u s 

A Necker cube was drawn on a s i m i l a r s t i m u l u s 

c a r d to those i n the p r e v i o u s experiment, b e i n g a 

b l a c k I n d i a n i n k l i n e drawing on a white background. 

O v e r a l l s i z e of the cube was 15.4 cms square. 

Each f a c e of the cube was 10 cms x 10 cms w i t h the 

d i a g o n a l s 7.5 cms long and c o n s t r u c t e d a t 45° to 

the lower l e f t f a c e . Each l i n e was 0.64 cms i n 

width. Seven f i x a t i o n p o s i t i o n s were used as 

shown i n F i g u r e 3.14 . 

3.7.11. Procedure 

I n the p r e v i o u s experiment a f t e r the 

f a m i l i a r i s a t i o n s t i m u l i the S was i n i t i a l l y 

p r e s e n t e d w i t h the a f t e r i m a g e of the l i n e drawing 

of the ambiguous f i g u r e . He was then p r e s e n t e d 

w i t h an a f t e r i m a g e of the Necker cube s t i m u l u s 

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

completed the p r e v i o u s e x p e r i m e n t a l c o n d i t i o n s , 

the room l i g h t s were t u r n e d on a g a i n and a f t e r a 

few minutes the S was shown a l i n e drawing of the 

Necker cube. S was asked what the drawing 

r e p r e s e n t e d . Both of the main a s p e c t s ('up* and 

'down* f a c i n g cubes) were then v e r b a l l y d e s c r i b e d 

i f S had t r o u b l e s e e i n g them. Two b i a s e d drawings 

of the Necker cube w i t h e i t h e r the near or f a r f a c e 
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shaded were then shown and S asked to c a l l one of 

them an 'up' v e r s i o n and the o t h e r a 'down' v e r s i o n . 

He was then a l l o w e d to p r a c t i c e r e p o r t i n g 'up1 o r 

'down', r e p o r t i n g on the u n b i a s e d Necker cube 

drawing and b e i n g a b l e to r e f e r to the b i a s e d 

v e r s i o n s i f n e c e s s a r y . The room l i g h t s were then 

turned o f f and S i n s t r u c t e d t h a t a f t e r a few 

minutes to permit dark a d a p t a t i o n he would be 

p r e s e n t e d w i t h the cube s t i m u l u s which he would 

view as an a f t e r i m a g e i n the same way as the 

p r e v i o u s f i g u r e s and t h a t he was to r e p o r t 'up' 

or 'down' v e r s i o n as soon as i t was c l e a r l y 

v i s i b l e i n the p o s i t i v e a f t e r i m a g e . Seven 

p r e s e n t a t i o n s of the Necker cube were g i v e n u s i n g 

each one of the 7 f i x a t i o n p o s i t i o n s i n a randomly 

determined o r d e r f o r each S. The s t i m u l u s was 

p r e s e n t e d so t h a t the f i x a t i o n p o s i t i o n was always 

i n the same s p a t i a l l o c a t i o n f o r the S. 

A f t e r completion of t h i s p a r t of the 

experiment S was a g a i n shown the b i a s e d drawings 

of the Necker cube and asked which one he had 

responded to as 'up' or 'down', 

3.7.12. ResuJ t s 

When i n i t i a l l y p r e s e n t e d w i t h the Necker cube 

viewed as an a f t e r i m a g e , a l l Ss r e p o r t e d i t as 

being a t h r e e d i m e n s i o n a l cube. A l l Ss r e a d i l y 

r e v e r s e d t h e i r p e r c e p t i o n of the l i n e drawing of 

the cube which was p r e s e n t e d to them under normal 
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F i x a t i o n p o i n t s 6 and 7 were at the 
two ' i n t e r n a l ' c o r n e r s . 

F i g u r e 3.14 The Necker cube and the 7 f i x a t i o n 
p o s i t i o n s . 
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F i g u r e 3.15 The number of o c c a s i o n s when the lower 
f a c e (ABCD) was f i r s t r e p o r t e d at each 
f i x a t i o n p o s i t i o n . 



249Q 

viewing c o n d i t i o n s . The number of times the lower 

face was f i r s t r e p o r t e d on the p o s i t i v e a f t e r i m a g e 

per f i x a t i o n p o s i t i o n i s shown i n F i g u r e 3.15 . 

The i n d i v i d u a l d a t a was a n a l y s e d f o r an e f f e c t 

of f i x a t i o n p o s i t i o n upon the p r o p o r t i o n of 

'down' and 'up' r e s p o n s e s . T h i s y i e l d e d no 

s i g n i f i c a n t r e s u l t s (Cochran Q t e s t : Q = 4.33 f o r 

6 d.f,,p>0.5 ) . 

A l l Ss r e p o r t e d r e v e r s a l of the cube i n the 

p o s i t i v e a f t e r i m a g e o c c u r r i n g a f t e r g i v i n g the 

response of 'up* or 'down'. For some Ss t h i s 

o c c u r r e d immediately on responding. Some of the 

Ss l a t e r s t a t e d t h a t they had c l e a r l y p e r c e i v e d 

the cube d u r i n g the f l a s h d i s c h a r g e . A l l S s had 

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

3.7.13. D i s c u s s i o n 

An attempt was made to extend the demonstration 

of the e f f e c t s of d i f f e r e n t f i x a t i o n p o s i t i o n s , 

shown i n Experiment 1, to the Necker cube. Ss 

r e a d i l y r e v e r s e d the appearance of the a f t e r i m a g e 

of the cube and a l l saw i t as a t h r e e d i m e n s i o n a l 

cube drawing when f i r s t p r e s e n t e d w i t h i t . The 

ready e a s e w i t h which Ss r e v e r s e d t h i s f i g u r e was 

n o t a b l e when compared to B o r i n g ' s ambiguous 

f i g u r e . No s i g n i f i c a n t e f f e c t of f i x a t i o n l o c a t i o n 

upon dominance of e i t h e r of the two a s p e c t s of 'up' 

or 'down' was found. The predominant response of 

p e r c e i v i n g the lower f a c e as n e a r e r ( i . e . the down 
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response) was o b t a i n e d f o r a l l p o s i t i o n s . The main 

d i f f i c u l t i e s w i t h t h i s f i g u r e were both t h i s 

response s t e r e o t y p e and the r a p i d ease of r e v e r s a l 

when vi e w i n g the a f t e r i m a g e . With a f t e r i m a g e s of 

Boring's f i g u i e , a l t e r n a t i o n s of a s p e c t were not 

r e p o r t e d f o r the a f t e r i m a g e s e x c e p t when the Ss 

were s p e c i f i c a l l y i n s t r u c t e d to note them. T h i s 

p o i n t s to a s p e c i f i c d i f f e r e n c e between the two 

types of s t i m u l i . 

The e a s e of r e v e r s a l thus s e r i o u s l y q u e s t i o n e d 

the v a l i d i t y of the Ss' r e p o r t s w i t h the Necker 

cube and f o r t h i s r e a s o n t h i s p a r t of the 

experiment was d i s c o n t i n u e d a f t e r 15 Ss, 

3.8. EXPERIMENT 3. 

3.8.1. I n t r o d u c t i o n 

Having demonstrated the e f f e c t s of the 

pr e s e n c e or absence of two of the elements t h i s 

experiment extends t h i s to study the e f f e c t of 

a l t e r i n g a l l f o u r elements. The de s i g n f o l l o w s 

t h a t of the p r e v i o u s experiment w i t h the two 

f i x a t i o n p o s i t i o n s ( 2 and 7) a g a i n used. A l t e r i n g 

a l l f our elements g i v e s r i s e t o 16 p o s s i b l e 

s t i m u l u s c o n d i t i o n s as shown i n F i g u r e 3. 16 

Experiment 2 confirmed t h a t f i x a t i o n p o s i t i o n 

a f f e c t e d the response o b t a i n e d a s d i d the p r e s e n c e 

of the M element, the c h e e k l i n e ( C L ) h a v i n g no s i g r 
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e f f e c t . These r e s u l t s were taken t o i n d i c a t e 
that elements which were not near the f i x a t i o n 
p o s i t i o n could a f f e c t the response t o the stimulus. 
The present experiment a l t e r s a l l 4 elements t o 
f u r t h e r examine t h i s proposal. 

I t was hypothesised that s i m i l a r e f f e c t s t o 
those of the previous experiment would be found 
w i t h more young woman responses p r e d i c t e d f o r 
p o s i t i o n 2 than f o r p o s i t i o n 7. The presence of 
the o l d woman's mouth (M) should increase the 
number of o l d woman responses. Experiment 1 
demonstrated the e f f e c t of the YE element i n t h a t 
f i x a t i n g very near i t produced predominantly YW 
responses, whereas, the same f i x a t i o n l o c a t i o n but 
using a stimulus without t h i s element produced 
mainly OW responses. A s i m i l a r f i n d i n g o c c u r r i n g 
f o r f i x a t i o n near the E/EC. Thus, i t was 
hypothesised t h a t the e f f e c t of t h i s element (YE) 
would l a r g e l y determine the number of YW responses 
found. V a r i a t i o n i n the presence or absence of the 
E/EC was p r e d i c t e d t o produce l i t t l e e f f e c t on the 
responses obtained. 

3.8.2. Subjects 
Twenty undergraduate students. 10 male and 

10 female. 
3.8.3. S t i m u l i 
Eight stimulus cards were constructed as 

previously described so as t o be l e f t and r i g h t 
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Figure 3.16 The 16 stimulus c o n d i t i o n s . 
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facing versions of the f o l l o w i n g c o n d i t i o n s : both 
YE and E/EC elements present; both these elements 
absent; only YE present; only E/EC present. To 
each of these s t i m u l i could be added the M or CL 
elements (as were usedin Experiment 2 ) , thus 
making a t o t a l of 32 experimental c o n d i t i o n s (16 
d i f f e r e n t c onditions w i t h the p i c t u r e f a c i n g r i g h t 
or fa c i n g l e f t ) . The same f i x a t i o n p o s i t i o n s as i n 
Experiment 2 were used. The f a m i l i a r i s a t i o n 
stimulus from the previous experiment was used i n 
accustoming Ss t o afterimage appearance. 

3.8.4. Apparatus 
This was the same as f o r Experiment 2. 
3.8.5. Procedure 
The experiment was run i n two separate sessions 

w i t h a day between each session. 
Session 1. This c l o s e l y f o l l owed the 

procedure used i n the previous 2 experiments. A f t e r 
being dark adapted f o r several minutes Ss were 
f a m i l i a r i s e d w i t h the phenomenon of afterimages 
using s t i m u l i Ŝ , Sg and Ŝ  and then w i t h the f u l l 
version ( i . e . a l l 4 elements present) of the 
ambiguous l i n e drawing. Fragmentation of these 
afterimages was discussed w i t h the S as i n the 
previous experiment. With the room l i g h t s on S 
was then shown the photograph of Boring's ambiguous 
f i g u r e and asked i f he had seen i t before and what 
the p i c t u r e represented. The two possible aspects 
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were then v e r b a l l y elaborated. 
The two ( l e f t and r i g h t f a c i n g ) versions of 

the ambiguous l i n e drawing w i t h a l l 4 elements 
present were then shown, Ss being asked i f they 
could perceive both aspects i n these s t i m u l i and 
being allowed t o p r a c t i c e a l t e r n a t i o n f o r a few 
minutes. The room l i g h t s were then turned o f f and 
S allowed t o dark adapt again. Then the f u l l l i n e 
drawings were presented using the c e n t r a l f i x a t i o n 
p o s i t i o n (X) w i t h the S being asked i f he could 
perceive both aspects. 

The S was then t o l d he would receive a ser i e s 
of presentations of s t i m u l i s i m i l a r to the ones 
he had j u s t been shown and that a l l he had t o do 
was t o report whether the p o s i t i v e afterimage of 
the stimulus resembled the young or o l d woman. 

S was then given 16 presentations of the 
experimental c o n d i t i o n s , these being randomly 
ordered f o r each S as i n the previous experiments 
between l e f t and r i g h t f a c i n g presentations and 
then again randomly assigned to e i t h e r t h i s f i r s t 
p resentation session or to the second. As i n the 
previous experiment the s t i m u l i were presented so 
that the luminous f i x a t i o n spot always appeared i n 
the same s p a t i a l l o c a t i o n w i t h respect t o the S. 

Session 2. The S was f i r s t shown the 
photograph of Boring's ambiguous f i g u r e and asked 
i f he could r e a d i l y perceive both aspects. The l e f t 
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and r i g h t f a c i n g f u l l l i n e drawings were then 
presented t o S w i t h s i m i l a r i n s t r u c t i o n s . Two 
afterimage presentations of the f u l l l e f t and f u l l 
r i g h t f a c i n g versions were then given using 
f i x a t i o n p o s i t i o n X. The remaining 16 experimental 
conditions were then given w i t h the i n s t r u c t i o n s 
as i n Session 1. Two repeat conditions of 
s t i m u l i which had been shown i n the f i r s t session 
to t h a t S were included amongst these so t h a t 
there was a t o t a l of 18 presentations. 

Fourteen Ss also received two a d d i t i o n a l 
presentations of stimulus c o n d i t i o n s D and L 
(Figure 3.16 ) but w i t h the f i x a t i o n at spot 
p o s i t i o n 1 as i n Experiment 1. Again these 
s t i m u l i were presented so t h a t the f i x a t i o n spot 
was i n the same s p a t i a l p o s i t i o n r e l a t i v e t o the 
S and these c o n d i t i o n s were presented randomly 
w i t h i n the other s e r i e s of s t i m u l i . 

3.8.6. Results 
I n i t i a l Presentation. On f i r s t p r e sentation 

of the l i n e drawing of Boring's f i g u r e such t h a t 
Ss reported the appearance of the afterimage, one 
S reported "wavy l i n e s " , 13 Ss reported YW and 2 
OW w i t h 4 others simply r e p o r t i n g a face without 
f u r t h e r e l a b o r a t i o n t o enable c a t e g o r i s a t i o n i n t o 
a young or o l d woman response. 

The number of YW responses obtained f o r each 
of the 16 stimulus c o n d i t i o n s i s shown i n Figure 
3. 17 . 
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Figure 3.18 T o t a l number of YW responses f o r the presence (p) 
or absence (a) of the 4 elements at both f i x a t i o n 
p o s i t i o n s . 
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Comparison w i t h Experiment 1. The response 
at each f i x a t i o n p o s i t i o n t o stimulus c o n d i t i o n D 
can be compared to th a t obtained f o r the same 
f i x a t i o n p o s i t i o n s i n Experiment 1, as t h i s i s 
the same stimulus. Here 14 Ss reported YW at 
p o s i t i o n 2 and 8 reported YW at p o s i t i o n 7. I n 
Experiment 1 these numbers were 16 and 9 
re s p e c t i v e l y . The d i f f e r e n c e between the two 
corresponding conditions i s not s i g n i f i c a n t 
( *%=0.13 f o r p o s i t i o n 2, % 2 = . 0 4 f O r p o s i t i o n 7 ) . 

Comparison w i t h Experiment 2. Conditions A, 
B,C and D were also the same as the four stimulus 
conditions used i n Experiment 2. Comparing the 
same c o n d i t i o n i n each experiment y i e l d e d no 
s i g n i f i c a n t d i f f e r e n c e i n proportions of young or 
ol d woman responses (p > 0.05 i n a l l cases. ^ 
t e s t or Fisher's Exact P r o b a b i l i t y Test where 
ap p r o p r i a t e ) . 

Afterimages. The t o t a l number of YW responses 
obtained f o r the presence or absence of each 
element at each f i x a t i o n p o s i t i o n i s shown i n 
Figure 3. 18. The same responses were obtained 
f o r the 2 conditions i n session 2 which were 
repeats of con d i t i o n s given t h a t S i n the f i r s t 
session. Scoring a YW response as 1 and an OW 
response as 0 the stimulus conditions were then 
grouped together t o examine the e f f e c t of f i x a t i o n 
p o s i t i o n and also the presence or absence of each 
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element at each p o s i t i o n . Presence of the M 
element when f i x a t i o n p o s i t i o n 7 was used 
s i g n i f i c a n t l y increased the number of OW responses 
(Wilcoxon matched-pairs signed-ranks t e s t : 
T = 1.5 f o r N = 16, p < .01) i t s presence at the 
other p o s i t i o n also increased the OW responses obtained 
(T = 25.5 f o r N = 16, p <T .05). I n contrast CL 
presence at p o s i t i o n 7 increased the number of 
YW responses (T = 7 f o r N = 14, p < .01) whereas 
at p o s i t i o n 2 i t s presence increased the number of 
OW responses, although not s i g n i f i c a n t l y ( p > . 0 5 ) . 
Presence or absence of the YE or E/EC elements at 
e i t h e r f i x a t i o n p o s i t i o n s d i d not produce a 
s i g n i f i c a n t d i f f e r e n c e i n responses although YE 
presence d i d increase the number of YW responses 
at both l o c a t i o n s (p > .05 i n a l l cases). 

The p r o p o r t i o n of YW responses t o each 
.stimulus f i x a t i o n c o n d i t i o n was also analysed 
using GLIM, a f t e r a l o g i t t ransformation. The 
parameters of f i x a t i o n p o s i t i o n and a l l four 
elements were f i t t e d together w i t h a l l the 26 
i n t e r a c t i o n s as shown i n Table 3.4 . S i g n i f i c a n t 
X values were obtained f o r f i x a t i o n p o s i t i o n 

and f o r the M element. The two f a c t o r i n t e r a c t i o n s 
of: f i x a t i o n p o s i t i o n (P) x CL, P x M, E/EC x YE, 
and E/EC x CL were also s i g n i f i c a n t . 

These i n t e r a c t i o n s are shown i n Figure 3. 19 . A l l 
these s i g n i f i c a n t parameters together w i t h the CL, 
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PARAMETERS 
SCALED 
DEVIANCE DF X 2 DF P 

N u l l F i t 206. 4 31 
P 87.99 30 118.41 1 .001 
M 42.76 29 45.23 1 .001 
E/EC 42.68 28 0.08 1 NS 
YE 39.62 27 3.06 1 NS 
CL 38. 18 26 1. 44 1 NS 
PxM 33.54 . 25 4.64 1 .05 
PxE/EC 33. 06 24 0.48 1 NS 
PxYE 32.26 23 0.8 1 NS 
PxCL 22. 44 22 9-82 1 .01 
MxE/EC 22.42 21 0. 02 1 NS 
MxYE 22. 35 20 0. 07 1 NS 
MxCL 22. 35 19 0. 1 NS 

E/ECxYE 16. 16 18 6. 19 1 .02 
E/ECxCL 11.62 17 4.54 1 NS 
YExCL 11. 10 16 0.52 1 NS 
PxMxE/EC 9.58 15 1. 52 1 NS 
PxMxYE 7.43 14 2. 15 1 NS 
PxMxCL 7.21 13 0.22 1 NS 
PxE/ECxYE 7.07 12 0. 14 1 NS 
PxE/ECxCL 7.06 11 0. 01 1 NS 
PxYExCL 6. 42 10 0.64 1 NS 
MxE/ECxYE 6.1 9 0.2 1 NS 
MxE/ECxCL 3. 87 8 2.27 1 NS 
MxYExCL 3. 86 7 0. 01 1 NS 

E/ECxYExCL 3. 85 6 0.01 1 NS 
PxMxE/ECxYE 2.26 5 1.59 1 NS 
PxMxE/ECxCL 1.2 4 1.06 1 NS 
PxMxYExCL 0. 06 3 1. 14 1 NS 
PxE/ECxYExCL 0. 06 2 0. 1 NS 
MxE/ECxYExCL 0. 1 0. 1 NS 
PxMxE/ECxYExCL 0. 0 0. 1 NS 

P = F i x a t i o n P o s i t i o n 
x = I n t e r a c t i o n 
DF = Degrees of freedom 
PR = P r o b a b i l i t y 
NS = Not s i g n i f i c a n t ( p > 0 . 0 5 ) 

TABLE 3.4 The f u l l GLIM analysis. 
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E/EC and YE elements ( i n order t o give these 
i n t e r a c t i o n s ) were then r e f i t t e d t o provide the 
f i n a l model (Table 3. 5 ). An estimate of the 
goodness of f i t of the f i n a l model i s given by 
considering the d i f f e r e n c e i n scaled deviance 
between that of the i n i t i a l n u l l f i t and t h a t 
l e f t when the model i s f i t t e d . Expressing t h i s 
as a percentage of the scaled deviance of the 
i n i t i a l n u l l f i t . By t h i s means the model 
explains 93.8 % of the data. An estimate of 
the c o n t r i b u t i o n of using each S i n a l l the 
conditions (which can be considered as a v i o l a t i o n 
of the independance of the measures necessary f o r 
a X a n a l y s i s ) i s given by t a k i n g the f i n a l scaled 
deviance as a X value f o r N-l degrees of freedom 
where N i s the number of subjects. This gives 
X =12.71 f o r 19 d.f, (N.S,) thus the use of 

can be considered as v a l i d . 
The fourteen Ss who received the a d d i t i o n a l 

presentations using f i x a t i o n p o s i t i o n 1 a l l 
responded YW t o stimulus D but f o r stimulus L 
only 8 Ss so responded, the r e s t r e p o r t i n g OW. 

These responses can be compared t o the Ss f 

responses i n Experiment 1 t o the s i m i l a r c o n d i t i o n s . 
I n the f i r s t experiment a l l 20 Ss reported YW at 
presentation p o s i t i o n 1 when YE was present but only 
3 made the same response f o r t h a t f i x a t i o n p o s i t i o n 
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PARAMETERS 
SCALED 

DEVIANCE DF x 2 DF P 
N u l l F i t 206.4 31 

P 87.99 30 118.41 1 . 001 

M 42. 76 29 45.23 1 .001 

YE 39. 7 28 3. 06 1 NS 

CL 38. 26 27 1.44 1 NS 

E/EC 38. 18 26 0. 08 1 NS 

P x M 33.54 25 4.64 1 . 05 

P x CL 23. 7 24 9. 84 1 .01 

E/EC x YE 17.28 23 6. 42 1 . 02 

E/EC x CL 12. 71 22 4.57 1 . 02 

Table 3.5 The f i n a l GLIM model. 

No. of YW responses No. of YW responses 
20 20 P x CL P x M 

M(a) 
-G 

10 10 CL(p) 

M(p) CL( a) 

0 1 0 I f 2 f i x a t i o n p o s i t i o n 7 2 f i x a t i o n p o s i t i o n 7 
No. of YW responses No. of YW responses 
20 20 

E/EC x CL E/EC x YE 
YE(p) 
YE (a) 

10 

0 o-
E/EC 

P 
E/EC 
a 

Figure 3,19 The 4 i n t e r a c t i o n e f f e c t s . 

E/EC E/EC 
P a 

p = element present 
a = element absent 
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when t h i s element was absent. The l a t t e r r e s u l t 
i s s i g n i f i c a n t l y d i f f e r e n t ( X=24.89, p < .05) 
from the present one, whereas the former r e s u l t 
i s not. 

3.8.7. Discussion 
Experiment 2 s t u d i e d the e f f e c t of a l t e r i n g 

two of the p i c t u r e elements upon the response 
obtained f o r each of the selected two f i x a t i o n 
p o s i t i o n s . The present experiment extended t h i s 
t o examine the e f f e c t s of a l l four elements at 
these two p o s i t i o n s . The experiment was run i n two 
sessions because the large number of experimental 
conditions would have meant a s i n g l e session 
l a s t i n g over 2 hours. No s i g n i f i c a n t d i f f e r e n c e 
was found between the present experimental 
conditions and those i d e n t i c a l c o n d i t i o n s from 
e i t h e r of the two previous experiments. 

F i x a t i o n p o s i t i o n had a s i g n i f i c a n t e f f e c t on 
the number of YW responses obtained, more responses 
being e l i c i t e d by f i x a t i o n p o s i t i o n 2. 

As i n the previous experiment the M element 
had a great e f f e c t i n t h a t i t s presence increased 
the number of OW responses at both f i x a t i o n 
p o s i t i o n s . This e f f e c t being greater at the 
p o s i t i o n nearer t h i s element such th a t an i n t e r a c t i o n 
between f i x a t i o n l o c a t i o n and the M element occurred. 
No main e f f e c t of any of the other elements was found, 
although i n t e r a c t i o n s between them were important. 
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Presence of the CL element increased the number of 
YW responses at f i x a t i o n p o s i t i o n 7 whereas i t 
decreased i t at p o s i t i o n 2. No such i n t e r a c t i o n s 
between f i x a t i o n p o s i t i o n and the M or CL elements 
were found i n the previous experiment. 

The E/EC element i n t e r a c t e d w i t h both the YE 
and CL elements. YE presence increased the number 
of YW responses when the E/EC was absent having a 
s l i g h t opposite e f f e c t when the E/EC element was 
present. Presence of both the E/EC and the CL 
elements also r e s u l t e d i n more YW responses 
compared t o when CL was absent although when the 
E/EC element was absent there was a smaller 
d i f f e r e n c e between them. 

The hypothesised e f f e c t of the presence of the 
YE element i n increasing the number of YW responses 
was found t o occur at both f i x a t i o n p o s i t i o n s (as 
shown i n Figure 3.18) but not t o any s i g n i f i c a n t 
extent. A f t e r the f i r s t 6 Ss had been run and t h i s 
trend found i n t h e i r r e s u l t s , i t was decided t o 
include the a d d i t i o n a l c o n d i t i o n of f i x a t i n g at 
p o s i t i o n 1, using e i t h e r stimulus D or stimulus L 
( i . e . w i t h or without YE element pre s e n t ) . The 
r e s u l t s of these c o n d i t i o n s demonstrated t h a t w i t h 
the YE element present a l l 14 Ss responded YW (a 
s i m i l a r r e s u l t being found i n Experiment 1 f o r the 
same c o n d i t i o n ) . However, absence of the element 
did not r e s u l t i n as many OW responses as expected 
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from the same c o n d i t i o n i n the f i r s t experiment. 
In the present instance only 6 Ss reported OW 
(out of 14 Ss) when the YE element was absent and 
f i x a t i o n was at p o s i t i o n 1, i . e . very near the 
element's actual l o c a t i o n . Also i n the f i r s t 
experiment f i x a t i o n at p o s i t i o n 3 had given r i s e 
t o 18 OW responses when the YE element was absent. 
I t had been because of these f i r s t experimental 
r e s u l t s demonstrating a major YW determining e f f e c t 
of the YE element t h a t the present r e s u l t of l i t t l e 
e f f e c t of YE presence or absence upon the responses 
obtained was queried and why these e x t r a conditions 
were added. I t had been thought t h a t the number of 
YW responses t o f i x a t i o n p o s i t i o n 2 without YE 
present ( s t i m u l u s L) would l i e somewhere between 
those obtained i n Experiment 1 f o r f i x a t i o n p o s i t i o n s 
1 and 3. This was not the case. Here 17 Ss 
responded YW w i t h t h i s element absent and 18 gave 
the same response w i t h i t present. 

These r e s u l t s support the hypothesis t h a t the 
response t o the f i g u r e i s not s o l e l y determined by 
the nearest element t o the f i x a t i o n p o s i t i o n . Rather 
they again demonstrate t h a t the elements can be 
considered t o be weighted toward e i t h e r aspect (e.g. 
the M element i s he a v i l y weighted towards perception 
of the o l d woman aspect). The i n t e r a c t i o n e f f e c t s 
f u r t h e r suggest t h a t the response i s determined by 
the sum of the weighted elements which are a v a i l a b l e 
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both i n the stimulus d i s p l a y and which can be 
attended t o . Such v i s u a l a t t e n t i o n has some 
l i m i t which i s p r i m a r i l y determined by f i x a t i o n 
p o s i t i o n . 

The f a i l u r e t o f i n d a s i g n i f i c a n t main 
e f f e c t of the YE element may be due t o the f i x a t i o n 
p o s i t i o n s chosen. YE presence at both p o s i t i o n s 
s l i g h t l y increased the p r o p o r t i o n of YW responses, 
thus i t was not the case t h a t t h i s f a i l u r e was due 
to a c u i t y ( i n a b i l i t y t o d i s t i n g u i s h the presence 
or absence of t h i s element). 

3.9. DISCUSSION OF THE AFTEEIMAGE EXPERIMENTS 
In t h i s Chapter,3 experiments are presented 

which use an afterimage technique t o examine the 
c o n t r i b u t i o n t o the perception of a l i n e drawing 
of Boring's ambiguous f i g u r e of f i x a t i o n p o s i t i o n 
and p a r t i c u l a r elements of the p i c t u r e . A large 
stimulus d i s p l a y was used so t h a t these parameters 
could be examined as proposed i n the previous 
Chapter. The l i n e drawing was derived t o enable a 
good afterimage of the stimulus t o be obtained. 
The l i n e s c o n s t i t u t i n g t h i s stimulus were proposed 
to represent f o u r f a c i a l elements which could be 
experimentally manipulated together w i t h other l i n e s 
making up a general f a c i a l o u t l i n e . 

An experimental procedure was used which f i r s t 
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f a m i l i a r i s e d Ss both w i t h afterimage appearance 
and w i t h both aspects of the ambiguous f i g u r e . 

In acquainting the Ss w i t h both aspects, 
verbal d e s c r i p t i o n s of the appearance of each 
aspect were used w i t h the S viewing a photograph 
of Boring's ambiguous f i g u r e . No attempt was 
made t o v i s u a l l y i n d i c a t e s p e c i f i c p a r t s of the 
p i c t u r e . 

In a l l 3 experiments a l l Ss were able t o 
al t e r n a t e t h e i r response t o the afterimage of the 
stimulus when f i x a t i o n was at a c e n t r a l p o i n t on 
the stimulus d i s p l a y . This i s taken t o imply 
that the stimulus size d i d not preclude one or 
other aspect. The r e s u l t s of the experimental 
conditions i n a l l 3 experiments f u r t h e r demonstrated 
t h a t Ss could respond t o both aspects w i t h t h i s 
size of stimulus. 

A verbal response of which aspect was 
perceived i n the p o s i t i v e afterimage was used 
throughout as t h i s p e r m i t t e d Ss t o both i n i t i a l l y 
describe other afterimage phenomena as w e l l as 
allow i n g them t o po s s i b l y respond " n e i t h e r aspect", 
although the l a t t e r never occurred. 

The f i r s t experiment demonstrated t h a t as 
f i x a t i o n p o s i t i o n moved more towards the YE element 
then the p r o p o r t i o n of young woman responses 
increased. As f i x a t i o n moved more towards the M 
element the p r o p o r t i o n of OW responses increased. 
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Looking at p a r t i c u l a r areas of the stimulus, 
t h e r e f o r e , d i d a f f e c t which aspect was reported. 
This agrees w i t h Hochberg's (1970a)proposal. 
Hochberg suggested t h a t f i x a t i n g i n region i of 
Figure 3.2 (b) would e l i c i t a YW response 
whereas f i x a t i n g i n region i t of the same Figure 
would produce an OW response. This i s genera l l y 
supported by the r e s u l t s of t h i s experiment, 
although i t i s d i f f i c u l t t o draw exact boundaries 
between two such d i s t i n c t areas. For instance, 
the r e s u l t s of the f i r s t experiment would suggest 
that the area i i should encompass the M element 
more, also area i should encompass the E/EC. 
Instead of two d i s t i n c t regions what i s proposed 
here i s t h a t the stimulus consists of two 
overlapping regions which possibly are r e a l l y only 
d i s t i n c t at t h e i r 'extreme' p o s i t i o n s of YE or 
M elements. I t i s proposed t h a t the response i s 
determined by attending t o weighted elements. The 
response i t s e l f w i l l be t o the stimulus as a whole 
such t h a t such weighted elements enter i n t o a 
Gestalt. A l t e r i n g the presence or absence of the 
YE element demonstrated t h a t i t was not s o l e l y 
f i x a t i o n p o s i t i o n t h a t determined the response but 
the elements which are present. 

The second and t h i r d experiments examined the 
e f f e c t of adding or removing the four elements 
from the general o u t l i n e . I n these experiments 



268 

fragmentation of l i n e s i n the afterimage of the 
f a m i l i a r i s a t i o n s t i m u l i was pointed out t o Ss i n 
an attempt t o prevent them hypothesising that the 
absence of elements from the ambiguous f i g u r e 
afterimages was an experimental manipulation. 
From questioning the Ss a f t e r the experiment t h i s 
was l a r g e l y successful. Only two f i x a t i o n 
p o s i t i o n s were used which were selected so as t o 
give f i x a t i o n between the E/EC and YE elements or 
else f i x a t i o n between the M and CL elements. 

Results showed t h a t the M element had a great 
e f f e c t i n determining OW perception but t h a t the 
YE element d i d not have a great e f f e c t i n 
determining YW responses as p r e d i c t e d on the basis 
of the r e s u l t s from Experiment 1. Experiment 3 
demonstrated t h a t i n t e r a c t i o n s between some 
elements and others, and also between some elements 
and f i x a t i o n p o s i t i o n were important f a c t o r s . 

Each of the 4 elements can be considered t o be 
weighted t o a greater or lesser extent towards each 
aspect (e.g. the M element appears s t r o n g l y 
weighted towards the OW aspect). The response t o 
the stimulus when presented i n a s t a b i l i s e d 
fashion i s , t h e r e f o r e , determined by the sum of the 
weighted elements a v a i l a b l e t o the S at t h a t 
f i x a t i o n l o c a t i o n . 'Available' here means t h a t the 
S can attend t o such an element. The l o c a t i o n of 

the S's f i x a t i o n p o s i t i o n on such a large stimulus 
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e f f e c t i v e l y c o n t r o l s which elements he could attend 
t o . In P r i t c h a r d ' s (1958) experiment he found the 
l i m i t of such a t t e n t i o n on the Mach book f i g u r e t o 
be 1-2° v i s u a l angle. The present r e s u l t s 
demonstrated the e f f e c t i v e n e s s of the M element 
when f i x a t i o n was at p o s i t i o n 2,some 8-9° v i s u a l 
angle away. The e f f e c t i v e n e s s of t h i s p a r t i c u l a r 
element at such a distance may possibly be a 
function of i t s size as w e l l as i t s u t i l i t y . 

Task demands appear to a f f e c t t h i s u s e f u l 
f i e l d of view w i t h i n which elements may be u s e f u l . 
Mackworth (1965) reported a u s e f u l area of 2° 
i n t a c h i s t o s c o p i c studies where small objects and 
v i s u a l noise were present. Edwards and Goolkasian-
(1974) demonstrated useful f i e l d s of view of 10° 
v i s u a l angle and Mackworth (1976) more r e c e n t l y 
found 6° f i e l d s u s e f u l i n a p a r t i c u l a r task. 

3.10. SUMMARY 
Afterimage studies have been c a r r i e d out which 

support the hypothesis t h a t the response of one 
p a r t i c u l a r aspect as f i g u r e i n an ambiguous l i n e 
drawing i s a f u n c t i o n both of f i x a t i o n l o c a t i o n and 
the elements a v a i l a b l e to the 5 at t h a t l o c a t i o n . 
These elements i t i s argued are biased i n t h e i r 
representation of each aspect. 

The next step i s to i n v e s t i g a t e what e f f e c t 
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a l t e r i n g these elements has upon the response to 
the l i n e drawing i n a f r e e viewing s i t u a t i o n as 
opposed to when f i x a t i o n p o s i t i o n i s c o n t r o l l e d 
by the experimenter. This work i s presented i n 
the next chapter. 
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C H A P T E R 4 

THE FREE VIEWING EXPERIMENTS 
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4.1. INTRODUCTION 
In the previous chapter three experiments 

were presented i n which a S's f i x a t i o n p o s i t i o n was 
c o n t r o l l e d when viewing a r e l a t i v e l y large 
stimulus. With the use of an afterimage technique 
the r e s u l t of f i x a t i o n near p a r t i c u l a r elements of 
the ambiguous f i g u r e was el u c i d a t e d . I t was 
proposed t h a t a weighting could be attached t o 
such elements. This weighting was suggested t o 
represent how much each element c o n t r i b u t e d t o 
(or was biased towards) e i t h e r of the possible 
aspects. The e f f e c t of c o n t r o l l i n g f i x a t i o n was 
proposed t o r e s u l t i n the t r i g g e r i n g o f one aspect's 
schematic map ra t h e r than the other as a r e s u l t o f 
such weighted elements seen both f o v e a l l y and 
para - f o v e a l l y . 

In the f i r s t experiment i t was shown t h a t as 
f i x a t i o n p o s i t i o n moved towards the YE element 
then the p r o p o r t i o n of YW responses increased. 
However, i n Experiment 3 where t h i s element was 
e i t h e r present or removed from the stimulus then 
i t appeared t o have a smaller e f f e c t than 
p r e d i c t e d i n determining YW peception. I n co n t r a s t 
the e f f e c t of the M element was t o increase the 
propor t i o n of OW responses, t h i s being found f o r 
a l l three experiments. A l t e r i n g the CL and E/EC 
elements d i d not have such an obvious e f f e c t 
upon the i n t e r p r e t a t i o n of the stimulus. 
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In a l l these experiments f i x a t i o n p o s i t i o n was 
determined by the experimenter. I t i s possible 
that these r e s u l t s may not generalise t o a f r e e 
viewing s i t u a t i o n . In t h i s chapter two 
experiments are reported which employed such 
free viewing t o see i f t h i s g e n e r a l i s a t i o n d i d 
occur. 

I t was hypothesised t h a t i f the Ss were 
presented w i t h a se r i e s of s t i m u l i i n which the 
previously determined four elements were a l t e r e d 
then the response t o the s t i m u l i would be 
determined by those elements present i n each 
stimulus. S p e c i f i c a l l y , i t was hypothesised t h a t 
the presence of the OW element would increase the 
prop o r t i o n of OW responses, whereas the presence 
of the YE element would increase the number of YW 
responses. The presence or absence of the other 
two elements were p r e d i c t e d not t o have such a 
great determining e f f e c t upon the response. 

The f i r s t experiment reported i n t h i s chapter 
used a group of students as. Ss. The second 
experiment used c h i l d r e n of two age groups to see 
i f any age r e l a t e d changes occurred i n the 
perception of the ambiguous f i g u r e . 
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4.2. EXPERIMENT 4. 
4.2.1. I n t r o d u c t i o n 
The purpose of t h i s experiment was t o study 

the e f f e c t s of the presence or absence of the four 
stimulus elements using a student population when 
f i x a t i o n p o s i t i o n was not c o n t r o l l e d , t h a t i s , when 
Ss were allowed t o f r e e l y view the s t i m u l i . 

The 16 stimulus c o n d i t i o n s of the presence or 
absence of the four elements were used f o r t h i s , 
together w i t h 8 a d d i t i o n a l conditions. These 
l a t t e r s t i m u l i contained a sm a l l e r ' o l d woman's 

i 

mouth element than was used i n the previous 
experiment. 

The second and t h i r d experiments had 
demonstrated t h a t the M element produced an 
increase i n o l d woman responses at the two selected 
f i x a t i o n p o s i t i o n s . This may possibly be r e l a t e d 
to the p h y s i c a l size of t h i s element as w e l l as i t s 
i n t e r p r e t a t i o n as a f a c i a l f e a t u r e . The smaller 
mouth was modelled a f t e r the small mouth i n the 
ambiguous version of Boring's f i g u r e as presented 
by Neisser (1967). I t was hypothesised t h a t i f 
t h i s element a f f e c t e d perception of the p i c t u r e by 
i t s i n t e r p r e t a t i o n r a t h e r than i t s size then 
a l t e r i n g i t s s ize would not a f f e c t the p r o p o r t i o n 
of OW responses obtained. 

The f i r s t afterimage experiment found a major 
e f f e c t of the presence or absence of the YE element 
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i n determining the YW response. The presence of 
t h i s element a c t i n g t o increase the l i k e l i h o o d 
of t h i s response and i t s absence decreasing i t . 
The same experiment demonstrated t h a t as 
f i x a t i o n p o s i t i o n moved towards t h i s element then 
again the l i k e l i h o o d of t h i s response was 
increased. I n contrast a l t e r i n g t h i s element i n 
Experiment 3 had less of an e f f e c t . I t was 
hypothesised t h a t , i n free viewing, the e f f e c t of 
t h i s element i n increasing YW response by i t s 
presence would be increased. The other two 
elements, CL and E/EC, were p r e d i c t e d t o have 
less e f f e c t on the i n t e r p r e t a t i o n of the p i c t u r e . 

4.2.2. Subjects 
48 undergraduate students, 24 males and 24 

females took p a r t . 
4.2.3. S t i m u l i 
The 16 experimental conditions used i n 

Experiment 3 were photographed and produced as 
p r i n t s , size 10 cms x 13 cms. The M element on 
the negatives of the 8 cond i t i o n s c o n t a i n i n g t h i s 
element was reduced i n size by an equal amount and 
s i m i l a r size p r i n t s made. These c o n s t i t u t e d the 
small-mouth c o n d i t i o n s . The r e s u l t i n g 24 stimulus 
conditions (Figure 4.1)were produced i n both l e f t 
and r i g h t f a c i n g d i r e c t i o n s making a t o t a l o f 
48 s t i m u l i . 24 of these (one of each c o n d i t i o n ) were 
selected using random number tabl e s so t h a t 12 of 
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them faced l e f t and 12 faced r i g h t . Four of these 
selected conditions were f u r t h e r randomly chosen 
to be represented by both d i r e c t i o n s . These being 
used as repeat c o n d i t i o n s . 

These 28 photographs were mounted on card of 
the same size and covered i n c l e a r p l a s t i c t o 
prevent damage through handling. A small 
i d e n t i f y i n g l e t t e r was p r i n t e d on the back of each 
card at the top l e f t hand side. 

4.2.4. Procedure 
The experiment was c a r r i e d out i n the Ss' own 

rooms i n the c o l l e g i a t e h a l l s of residence. A f t e r 
each S agreed t o take p a r t i n the experiment they 
were seated at t h e i r desk and presented w i t h the 
pack of cards face down. They were then i n s t r u c t e d 
to go through the pack t u r n i n g the cards over one 
by one without making any response and to simply 
look at each card and then t u r n i t over again 
before going on t o the next. 

The purpose of t h i s was t o f a m i l i a r i s e the S 
w i t h the d i f f e r e n t appearances of the l i n e drawings 
used without f i r s t l y having given them any 
i n s t r u c t i o n s as t o what the s t i m u l i represented. 
I t also acquainted them w i t h the procedure and the 
rat e of performing the experiment. Ss were 
allowed t o t u r n the cards over at t h e i r own speed, 
but i n the subsequent p a r t of the experiment t h i s 
had t o allow the experimenter time t o note down 
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both the response and card i d e n t i f y i n g l e t t e r . 
The Ss were then shown a photograph of 

Boring's ambiguous f i g u r e of s i m i l a r size to 
the cards and asked i f they had seen i t before 
and t o say what i t was a p i c t u r e of. Both 
aspects were then v e r b a l l y described t o the Ss, 
as i n the previous experiments, and they were 
then allowed several minutes t o p r a c t i c e 
a l t e r n a t i n g between the two aspects w i t h the 
photograph. When they reported t h a t they could 
r e a d i l y change aspects the f o l l o w i n g i n s t r u c t i o n s 
were given: 

"The pack of cards which you have j u s t 
looked through are l i n e drawings of 
the same f i g u r e as the photograph. 
Some of these drawings may look more 
l i k e one of the women's faces than 
the other. What I want you t o do i s 
to go through the pack again, t u r n i n g 
one card over at a time and immediately 
naming which of the two faces i t looks 
the more l i k e . Having named i t I want 
you t o t u r n the card back over again 
before l o o k i n g at the next one. Do 
t h i s at your own r a t e . Do you have any 
questions?" 

The pack was r e s h u f f l e d and presented face down 
to the S. S then went through the pack t u r n i n g each 
card over one at a time and naming i t as young or 
o l d woman then t u r n i n g i t back over, so t h a t at the 
end of the experiment the S was again faced w i t h 
the i n v e r t e d pack of cards. As the S went through 
the cards the experimenter noted the i d e n t i f y i n g 
l e t t e r of each card and the S's response t o i t . 
A f t e r doing the experiment Ss were questioned as t o 
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No. of 
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Figure 4.2 To t a l number of YW responses f o r each 
stimulus c o n d i t i o n . 
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stimulus elements 

p = element present 
a = element absent 
m = male 
f = female 

Ms = small M element 
Figure 4.3 T o t a l number of YW responses f o r 

each parameter. 



280 

what they thought determined t h e i r response and 
were then f i n a l l y t o l d the purpose of the work. 

4.2.5. Results 

The t o t a l number of YW responses f o r each 
condition i s shown i n Figure 4.2. The mean values 
are shown f o r the four c o n d i t i o n s which were 
repeated, a s i m i l a r p r o p o r t i o n of YW responses 
was obtained f o r each of these. This data was 
analysed using the GLIM program w i t h a l o g i t 
transformation (Table 4.1). A n u l l model was f i r s t 
f i t t e d f ollowed by the sequential a d d i t i o n of the 
f i v e parameters of sex, M, CL, E/EC and YE as 
w e l l as a l l possible i n t e r a c t i o n s . The M parameter 
had three l e v e l s : large or small size and absence 
of t h i s element. A l l the other parameters had two 
l e v e l s of presence or absence of t h a t f a c i a l 
element. In the case of sex the two l e v e l s were 
male and female. Figure 4.3. shows the t o t a l 
number of YW responses obtained f o r each l e v e l of 
these parameters taken across a l l the stimulus 
conditions. From the GLIM analysis s i g n i f i c a n t 
X2 values ( p < .001) were obtained f o r the M, 

YE and E/EC elements by themselves and f o r the 
i n t e r a c t i o n s ( p < .01) of sex x YE and CL x YE 
(Figure 4.4.). 

A f i n a l model (Table 4 f2) was then f i t t e d 
using only these s i g n i f i c a n t parameters plus the 
sex and CL ones i n order t o o b t a i n the two s i g n i f i c a n t 
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PARAMETERS 
SCALED 
DEVIANCE DF X2 DF P 

N u l l F i t 334. 3 47 
S 334. 0 46 0.3 1 NS 
M 301. 7 44 32.3 2 .001 
CL 299. 5 43 2.2 1 NS 
YE 72. 5 42 227.0 1 .001 
E/EC 59. 09 41 13.41 1 .001 
SxM 53.63 39 5.46 2 NS 
SxCL 53.55 38 0.08 1 NS 
SxYE 46. 7 37 6. 85 1 .01 
SxE/EC 45. 15 36 1.55 1 NS 
MxCL 43. 37 34 1.78 2 NS 
MxYE 43. 04 32 0. 33 2 NS 
MxE/EC 38.99 30 4.05 2 NS 
CLxYE 30. 52 29 8.47 1 .01 
CLxE/EC 28. 32 28 2.2 1 NS 
YExE/EC 27.49 27 0.83 1 NS 
SxMxCL 26. 36 25 1. 13 2 NS 
SxMxYE 23. 27 23 3.09 2 NS 
SxMxE/EC 23. 0 21 0.27 2 NS 
SxCLxYE 22. 87 20 0. 13 1 NS 
SxCLxE/EC 21. 42 19 1.45 1 NS 
SxYExE/EC 21.4 18 0.02 1 NS 
MxCLxYE 17.24 16 4. 16 2 NS 
MxCLxE/EC 16. 04 14 1.2 2 NS 
MxYExE/EC 15.68 12 0. 36 2 NS 
CLxYExE/EC 12. 14 11 3.54 1 NS 
SxMxCLxYE 10. 97 9 1. 17 2 NS 
SxMxCLxE/EC 9. 93 7 1.04 2 NS 
SxCLxYExE/EC 8. 01 6 1.92 1 NS 
SxMxYExE/EC 3. 03 4 4. 98 2 NS 
MxCLxYExE/EC 2. 79 2 0.24 2 NS 

SxMxYExCLxE/EC 0. 0 2. 79 2 NS 

S = Sex 
x = I n t e r a c t i o n 
NS = Not s i g n i f i c a n t (p>0.05) 

Table 4.1 The f u l l GLIM analysis. 
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PARAMETERS 
SCALED 
DEVIANCE DF x 2 DF P 

N u l l F i t 334. 3 17 
S (SEX) 334. 0 46 0.3 1 NS 

M 301 . 7 44 32. 3 1 . 001 

CL 299. 5 43 2.2 1 NS 

YE 72.5 42 227.0 1 .001 

E/EC 59.09 41 13.41 1 . 001 
S x YE 53. 25 40 5.94 1 . 02 

CL x YE 43. 98 39 9. 27 1 . 01 

Table 4.2 The f i n a l GLIM model. 
No. of 
YW responses 
20* 
15 
10" 

0 

CL x YE 

~~1 
YE present 

No. of 
YW responses 
20 

15 

10 
5 ~ 

0 

S x YE 

T 
YE present 

CL absent 

CL present 

— l — 
YE absent 

Female 

Male 

- T — 
YE absent 

S = sex 
Figure 4.4 The 2 s i g n i f i c a n t i n t e r a c t i o n s of 

CL x YE and S x YE. 
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i n t e r a c t i o n s . An e s t i m a t e o f the c o n t r i b u t i o n o f 

using each S i n every c o n d i t i o n was o b t a i n e d by 

t a k i n g the s c a l e d deviance l e f t a f t e r f i t t i n g the 
y 2 

f i n a l model as a A. v a l u e . T h i s was not s i g n i f i c a n t 

( X 2 = 43.98 f o r 47 d . f . ) . The f i n a l model 

e x p l a i n s some 86.8 % of the data. 

4.2.6. D i s c u s s i o n 

The i n i t i a l s o r t i n g t h r o u g h the pack o f 

s t i m u l i was t o f a m i l i a r i s e Ss w i t h the l i n e 

drawings w i t h o u t g i v i n g them any v e r b a l d e s c r i p t i o n s 

of what the s t i m u l i r e p r e s e n t e d as w e l l as t o 

get a r a t e o f s o r t i n g which p e r m i t t e d r e c o r d i n g 

the S's response i n the e x p e r i m e n t a l t r i a l . When 

the photograph was p r e s e n t e d a l l Ss r e c o g n i s e d i t 

as r e p r e s e n t i n g the l i n e drawing on these cards. 

Most of the Ss had not seen the ambiguous f i g u r e 

b e f o r e , 10 Ss had, but none had d i f f i c u l t y i n 

p e r c e i v i n g b o t h aspects. On q u e s t i o n i n g a f t e r the 

experiment the Ss r e p o r t e d t h a t i n the i n i t i a l 

p r e s e n t a t i o n they had re c o g n i s e d the v a r i o u s cards 

as a l i n e drawing o f a face. The s i z e of s t i m u l i 

used i n t h i s experiment was e q u i v a l e n t t o t h a t o f 

Ramamarthi and Parameswaran ( 1964). 

The most s i g n i f i c a n t e f f e c t e v i d e n t from 

Figure 4. 3 and from the GLIM a n a l y s i s was t h a t , 

as h y p o t h e s i s e d , t h e presence o f the YE element 

s t r o n g l y i n f l u e n c e d the tendency t o r e p o r t YW 

whereas i t s absence i n c r e a s e d the number o f OW 

responses. 
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This e f f e c t was very much more e v i d e n t than 

from the a f t e r i m a g e experiments and c o n f i r m e d the 

hypothesised e f f e c t o f t h i s element i n a f r e e 

viewing s i t u a t i o n . 

The next most e f f e c t i v e element was the 

presence or absence of the M element. No e f f e c t 

was found f o r a l t e r i n g the s i z e of t h i s element. 

The presence o f e i t h e r s i z e of mouth i n c r e a s e d 

the number o f OW responses and the absence o f 

such an element i n c r e a s e d the number o f YW 

responses. The s i z e o f t h i s element was, 

t h e r e f o r e , not i m p o r t a n t . T h i s supported the 

hypothesis t h a t i t was not the s i z e but r a t h e r 

the i n t e r p r e t a t i o n a f f o r d e d t h i s element which 

was i m p o r t a n t . T h i s i s evidence a g a i n s t t h e 

hypothesised s m a l l e r G e s t a l t area formed by t h i s 

element t o f a v o u r a YW response ( suggested as 

an a l t e r n a t i v e e x p l a n a t i o n o f the r e s u l t s o f 

Experiment 1). T h i s r e s u l t c o n f i r m e d the 

a f t e r i m a g e experiments' r e s u l t s which showed the 

e f f e c t i v e n e s s o f t h i s element i n e l i c i t i n g t h e OW 

response. 

The e f f e c t o f the E/EC element was a l s o 

s i g n i f i c a n t ( p < .001), i t s absence i n c r e a s i n g the 

number o f YW responses and i t s presence d e c r e a s i n g 

t h i s number. I n Experiment 3 when the presence o r 

absence o f t h i s element was i n v e s t i g a t e d i n an 

a f t e r i m a g e s i t u a t i o n no main e f f e c t o f t h i s element 

wasfcund, a l t h o u g h , i n t e r a c t i o n s between i t and 
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o t h e r elements were i m p o r t a n t . No main e f f e c t 

f o r the CL element was found, a l t h o u g h the 

i n t e r a c t i o n between t h i s element and YE element 

was s i g n i f i c a n t ( F i g u r e 4.4 ). When the YE 

element was pres e n t then CL presence i n c r e a s e d 

the number o f young woman responses whereas when 

the YE element was absent then CL presence 

increased the number o f OW responses. 

No main e f f e c t o f sex was o b t a i n e d , a l t h o u g h 

the sex x young woman's nose i n t e r a c t i o n was 

s i g n i f i c a n t ( F i g u r e 4. 4 ) such t h a t the absence 

o f the YE element produced more OW responses i n 

males than i n females. 

This experiment demonstrated t h a t i n a f r e e 

v i e w i n g s i t u a t i o n a l t e r i n g t h e elements had 

r a t h e r s i m i l a r r e s u l t s t o the a f t e r i m a g e experiments. 

Presence o f the M element which was shown by the 

pr e v i o u s experiments t o i n c r e a s e the p r o p o r t i o n o f 

the OW response was confir m e d here. As hyp o t h e s i s e d 

the YE element g r e a t l y determined whether the 

s t i m u l u s was responded t o as the YW aspect. T h i s 

e f f e c t was not so obvious i n the a f t e r i m a g e 

experiment which demonstrates t h a t f i x a t i o n 

p o s i t i o n i s i m p o r t a n t . That i s , i f t h e response i s 

determined by the w e i g h t i n g s o f the a v a i l a b l e 

elements, then t h i s a v a i l a b i l i t y w i l l i n i t s e l f be 

determined by the f i x a t i o n p o s i t i o n . The f i x a t i o n 

p o s i t i o n s used i n Experiment 3 may have m i t i g a t e d 
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a g a i n s t the a v a i l a b i l i t y o f t h i s element f o r the S. 

I t i s h y p o t h e s i s e d , t h e r e f o r e , t h a t i n a f r e e 

v i e w i n g s i t u a t i o n i f the eye movements o f t h e Ss 

were recorded i t i s p r e d i c t e d t h a t they would have 

f i x a t e d towards t h i s element when a YW response 

was g i v e n and f i x a t e d more towards t h e M element 

when responding OW. 

The next experiment r e p o r t e d examined the 

e f f e c t o f p r e s e n t i n g d i f f e r e n t v e r s i o n s o f the 

l i n e drawing t o two groups o f c h i l d r e n , u s i n g a 

f r e e v i e w i n g s i t u a t i o n . 

4.3. EXPERIMENT 5 

4.3.1. I n t r o d u c t i o n 

The p r e v i o u s experiment examined t h e e f f e c t o f 

f r e e v i e w i n g on the p e r c e p t i o n o f the ambiguous 

l i n e drawing when a s t u d e n t p o p u l a t i o n was used. 

The pres e n t experiment extended t h i s t o two groups 

of c h i l d r e n o f d i f f e r e n t ages. 

Some a g e - r e l a t e d d i f f e r e n c e s have been 

r e p o r t e d w i t h ambiguous and r e v e r s i b l e p e r s p e c t i v e 

s t i m u l i ( d i s c u s s e d i n s e c t i o n 2.5.3). The i n t e r e s t 

here was t o see i f a l t e r i n g t h e elements o f the 

l i n e drawing had an a g e - r e l a t e d d i f f e r e n c e on 

p e r c e p t i o n o f t h e f i g u r e . Hochberg (197C&)has used 

the term 'mature observer' t o d e s c r i b e t h e 

experienced o b s e r v e r who has a voc a b u l a r y o f 
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schematic maps. I t was h y p o t h e s i s e d t h a t by 

us i n g c h i l d r e n then a l t e r i n g the elements o f t h i s 

simple s t i m u l u s would enable e l a b o r a t i o n o f how 

such maps are a c q u i r e d and developed. I f t h i s 

process was a g e - r e l a t e d then an o l d e r c h i l d 

s hould have more a v a i l a b l e t o him the two 

a l t e r n a t i v e maps f o r the ambiguous f i g u r e -

Therefore a l t e r i n g elements ought t o have more o f 

an e f f e c t upon an o l d e r c h i l d ' s response than f o r 

a younger c h i l d , i . e . t h e o l d e r c h i l d s h o uld 

produce r e s u l t s more s i m i l a r t o the p r e v i o u s 

experiment. A younger c h i l d , i t was hy p o t h e s i s e d , 

w i l l not have such map a v a i l a b i l i t y and so 

a l t e r i n g the elements would not so r e a d i l y produce 

d i f f e r e n t responses. 

Girgus and Hochberg (1970, 1972) have 

demonstrated a g e - r e l a t e d changes i n the a b i l i t y t o 

recognise s e q u e n t i a l l y p a r t - p r e s e n t e d geometric 

forms over an age range o f a p p r o x i m a t e l y 4 - 1 0 

years. T h i s a b i l i t y i n c r e a s e d w i t h age and was 

enhanced when the S was al l o w e d t o s e l e c t h i s own 

sequence o f i n p u t o f s t i m u l u s p a r t s . I n these 

s t u d i e s the c h i l d e s s e n t i a l l y viewed the s t i m u l u s 

through a s m a l l h o l e . T h i s s i t u a t i o n i s u n l i k e 

normal v i e w i n g i n t h a t t h e former denies any 

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

demonstrated t h a t w i t h age the a b i l i t y t o i n t e g r a t e 

each 'glance' o f the s t i m u l u s i n c r e a s e d . I n 
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Hochberg's terms t h i s demonstrates e a s i e r 

a c q u i s i t i o n w i t h age o f the a p p r o p r i a t e schematic 

map. 

I t was c o n s i d e r e d here t h a t by p r e s e n t i n g 

c h i l d r e n w i t h a l a r g e s t i m u l u s , t y p i c a l l y r e q u i r i n g 

s e v e r a l 'glances' and a s s o c i a t e d eye movements t o 

examine i t then t h i s would approximate such a 

s e q u e n t i a l p r e s e n t a t i o n t e c h n i q u e , except t h a t 

p e r i p h e r a l i n f o r m a t i o n would here be a v a i l a b l e . 

I n the l a r g e l i n e drawing o f the ambiguous 

f i g u r e t h e r e are few cues t o each aspect ( t h e s e 

cues are c o n s i d e r e d t o be the weighted elements) 

and these cues are s p a t i a l l y d i s t r i b u t e d . Through 

emphasising t h e immediate response t o each s t i m u l u s 

as soon as t h e c h i l d saw i t then t h e o l d e r c h i l d 

s hould be b e t t e r a b l e t o i n t e g r a t e t h e a v a i l a b l e 

elements than the younger c h i l d and so respond 

more a p p r o p r i a t e l y . An ambiguous s t i m u l u s 

r e q u i r e s two schematic maps and so i t was 

hypothesised t h a t the o l d e r c h i l d would be more 

able t o s w i t c h maps as the s t i m u l u s elements were 

a l t e r e d . 

A p i l o t study was f i r s t c a r r i e d out u s i n g 

c h i l d r e n o f d i f f e r e n t ages t o determine an 

adequate methodology which would both a l l o w a group 

o f c h i l d r e n t o be s i m u l t a n e o u s l y t e s t e d as w e l l as t o 

determine a response measure s u i t a b l e f o r an A n a l y s i s 

of Variance t r e a t m e n t . The p i l o t study a l s o served 
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t o demonstrate t h a t c h i l d r e n about 8 years Q l d 

c o u l d adequately respond i n the manner d e s c r i b e d 

i n t h e f o l l o w i n g experiment. 

4.3.2. S u b j e c t s 

64 c h i l d r e n , a l l p u p i l s a t a l o c a l j u n i o r 

school,, served as s u b j e c t s . The c h i l d r e n were 

chosen so as t o form two groups w i t h an age o f 

e i t h e r 8-9 years o r 10-11 years w i t h equal numbers 

of males and females i n each age group. The mean 

age o f each group r e s p e c t i v e l y was 8.5 years 

(S.D. 0.50) and 11 years (S.D, 0.49), 

4.3.3. S t i m u l i 

The s i x t e e n s t i m u l u s c o n d i t i o n s produced by 

the presence o r absence o f each o f the f o u r 

p i c t o r i a l elements were photographed so t h a t 32 

p r i n t s o f s i z e 20.5 cms x 13 cms ( h o r i z o n t a l l y ) 

were made w i t h every c o n d i t i o n b e i n g p r i n t e d t w i c e , 

f a c i n g both l e f t and r i g h t . These photographs 

were then a t t a c h e d t o a sheet o f w h i t e paper 

c o n t a i n i n g a 10 cms h o r i z o n t a l l i n e e x t e n d i n g 

between t h e words ' o l d woman' and 'young woman.' 

M u l t i p l e xerox copies o f these were then made. The 

s t i m u l u s drawings subtended some 24° x 16° v i s u a l 

angle a t the S's eye. An example o f one o f these 

s t i m u l i i s shown i n Appendix B. 

A computer program based on the F o r t r a n 

random number g e n e r a t i n g f u n c t i o n was used t o 

produce a t a b l e o f s t i m u l u s c o n d i t i o n s f o r each S 
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so t h a t each c h i l d r e c e i v e d a l l 16 c o n d i t i o n s f a c i n g 

both l e f t and r i g h t ( t o t a l o f 32 c o n d i t i o n s ) i n a 

d i f f e r e n t randomised o r d e r . W i t h i n each age group 

every c h i l d r e c e i v e d a unique f i r s t c o n d i t i o n so 

t h a t the 32 c h i l d r e n i n an age group f i r s t 

r e c e i v e d one o f t h e 32 s t i m u l u s c o n d i t i o n s . Each 

s u b j e c t ' s 32 s t i m u l u s sheets were then s t a p l e d 

t o g e t h e r . 

Four enlarged p r i n t s , t w o o f the f u l l ( a l l 4 

f e a t u r e s p r e s e n t ) ambiguous l i n e drawing and two 

of the o r i g i n a l B o r i n g ' s ambiguous f i g u r e were 

produced so t h a t each was f a c i n g i n bo t h d i r e c t i o n s . 

The p r i n t s were o f s i z e 30 cms x 22 cms and mounted 

on card. 

4.3.4. Procedure 

The 64 s u b j e c t s were run i n 8 groups o f e i g h t 

s i m i l a r l y aged c h i l d r e n . The experiment took p l a c e 

i n one day and the c h i l d r e n p r e v e n t e d from 

communicating t o those not a l r e a d y examined. A l l 

the c h i l d r e n were v o l u n t e e r s b e i n g p r e v i o u s l y t o l d 

by t h e i r c l a s s t e a c h e r t h a t they would be r e q u i r e d 

t o p l a y a game i n v o l v i n g l o o k i n g a t some p i c t u r e s . 

The group o f e i g h t c h i l d r e n was seated a t 

school desks i n a s e m i c i r c u l a r f a s h i o n around t h e 

experimenter who then gave out 8 o f the s e t s o f 

s t i m u l i face down on the desks. The desks were so 

arranged t o p r e v e n t any copying between Ss and the 

experiment was conducted i n a s m a l l classroom. 
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Each c h i l d had a pen o r p e n c i l and was asked t o 

w r i t e t h e i r name, age, and whether they were a 

boy o r g i r l on the back sheet o f the s t i m u l i s e t . 

The ex p e r i m e n t e r i n s t r u c t e d t h e c h i l d r e n 

t h a t he was go i n g t o show them a photograph and 

t h a t they had t o w r i t e down on the back sheet what 

i t was a p i c t u r e o f . He then showed them one o f 

the photographs o f B o r i n g ' s f i g u r e . Half t h e 

groups o f c h i l d r e n i n each age category were shown 

the l e f t f a c i n g v e r s i o n and h a l f t h e r i g h t f a c i n g 

v e r s i o n . Having done t h i s they were t o l d then t o 

w r i t e the l e t t e r R o r L on the sheet depending on 

the d i r e c t i o n o f t h e face i n the photograph. Both 

photographs o f Bo r i n g ' s f i g u r e were then h e l d up 

s i m u l t a n e o u s l y and the Ss t o l d : 

"These are two p i c t u r e s o f the same 
t h i n g , a p i c t u r e o f a woman's f a c e , 
i n one she i s f a c i n g l e f t and i n the 
o t h e r she i s f a c i n g r i g h t . The 
p i c t u r e s themselves are t r i c k p i c t u r e s . 
I n each one t h e r e i s not j u s t one 
woman's f a c e , b ut two. Can you see both?" 

The two aspects were then v e r b a l l y e l a b o r a t e d 

as i n Experiment 1. When a l l t h e c h i l d r e n c o u l d 

d i s t i n g u i s h b o t h aspects and reported t h a t they 

could a l t e r n a t e between them then b o t h t h e l i n e 

drawing photographs were s i m u l t a n e o u s l y h e l d up and 

the Ss i n s t r u c t e d : 

"These are two o u t l i n e drawings o f 
the same photograph, again you sh o u l d 
be able t o see b o t h t h e young and o l d 
woman i n them. Can you see them? O.K. 
now I want you t o j u s t look at them 
f o r a l i t t l e w h i l e and see i f you can 
change from s e e i n g one t o t h e o t h e r . 
Can you do t h i s ? " 
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The c h i l d r e n were then g i v e n a few minutes t o 

look at the l i n e drawings and p r a c t i c e a l t e r n a t i n g 

between t h e two aspects. The experimenter then 

h e l d up an example s t i m u l u s sheet. 

"This i s a s i m i l a r p i c t u r e t o the ones 
I have j u s t shown you. I t i s somewhat 
s m a l l e r and i t a l s o has a l i n e at the 
bottom r u n n i n g from t h e words 'young 
woman' t o the words ' o l d woman.' 
What you have i n f r o n t o f you i s a p i l e 
o f s i m i l a r p i c t u r e s . For each p i c t u r e 
I want you t o l o o k a t i t and decide 
whether you t h i n k i t l o o k s more l i k e one 
woman's face o r the o t h e r and hav i n g 
decided t h i s I want you t o p u t a l i t t l e 
v e r t i c a l mark, l i k e t h i s (demonstrated) 
on t h e bottom l i n e . I f you t h i n k i t 
looks v e r y much l i k e the young woman t h e 
mark w i l l be towards the r i g h t hand s i d e 
( d e m o n s t r a t e d ) , i f i t i s very much l i k e 
t h e o l d woman then you w i l l p u t the mark 
towards t h e l e f t hand s i d e ( d e m o n s t r a t e d ) . 
I f i t l o o k s l i k e b o t h i t would be more i n 
the m i d d l e and so on. I f i t l o o k s more 
l i k e one than t h e o t h e r then i t w i l l be 
towards t h a t s i d e . You can mark 
anywhere along t h e l i n e depending on 
how much you t h i n k i t l o o k s l i k e one o r 
the o t h e r f a c e . Any q u e s t i o n s ? " 

The e x p e r i m e n t e r then demonstrated t h i s procedure, 

not a c t u a l l y m a rking the paper, b u t i l l u s t r a t i n g 

how t h e mark c o u l d be anywhere a l o n g t h e bottom l i n e . 

"The p i l e o f papers i n f r o n t o f you i s a 
l o t o f p i c t u r e s s i m i l a r t o t h i s , each w i t h 
t h i s h o r i z o n t a l l i n e a t the bottom. You 
might t h i n k some o f the p i c t u r e s l o o k 
more l i k e one face than t h e o t h e r . Now 
when I * t e l l you t o . I want you t o t u r n t h e 
p i l e o f papers over and look t h r o u g h them 
a t your own speed,deciding whether each 
p i c t u r e l o o k s more l i k e one face o r the 
o t h e r as soon as you see i t and f o r each 
one p u t t i n g a mark on t h e bottom l i n e j u s t 
as I demonstrated. Remember t h e r e i s no 
h u r r y , t a k e your t i m e , but t r y and mark 
how you see the p i c t u r e as soon as you see 
i t . 
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When you t u r n t h e p i l e over you w i l l 
n o t i c e t h e r e i s a p i n k sheet o f paper 
beneath t h e t o p p i c t u r e , t h i s i s t o 
hel p you keep your p l a c e . When you 
have looked a t the t o p p i c t u r e and 
decided where t o put your mark then 
t u r n over t o the next p i c t u r e and p l a c e 
the p i n k sheet beneath the second 
p i c t u r e w i t h o u t l o o k i n g a t t h e t h i r d 
p i c t u r e - Do i t j u s t l i k e t h i s ( t h e 
procedure was demonstrated). When 
you have completed a l l the p i c t u r e s 
j u s t s i t q u i e t l y u n t i l everyone e l s e 
has f i n i s h e d . " 

The e x p e r i m e n t e r then demonstrated what was 

r e q u i r e d o f t he Ss as he went t h r o u g h the p i c t u r e s . 

When a l l the Ss were a b l e t o r e a d i l y p e r c e i v e 

both aspects i n the l i n e drawings and were aware 

o f what was r e q u i r e d t h e exp e r i m e n t e r t o l d them t o 

t u r n the papers over and s t a r t . When a l l Ss had 

completed t h e t a s k they were asked t o s o r t t h r o u g h 

the p i c t u r e s a g a i n , n ot t o change any o f t h e i r 

t i c k s , b u t t o check t h a t t h e y had not missed any 

of the p i c t u r e s . The papers were then c o l l e c t e d 

i n , the Ss b r i e f l y and si m p l y t o l d the purpose o f 

the experiment and i n s t r u c t e d n ot t o t e l l anyone 

e l s e about i t u n t i l a l l t h e o t h e r c h i l d r e n had been 

run. 

4.3.5. R e s u l t s 

Each mark on the s c a l e between o l d and young 

woman was assigned a n u m e r i c a l value equal t o the 

d i s t a n c e i n mm from the o l d woman end o f the s c a l e . 

Thus 0 - o l d woman and 100 = a young woman 

response -
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An A n a l y s i s o f Variance was then performed on 

t h i s data w i t h two between-Ss f a c t o r s and f i v e 

w i t h i n - S s f a c t o r s . Each f a c t o r had two l e v e l s . 

The between-Ss f a c t o r s were:- age o f the c h i l d r e n 

(young o r old) ?and the d i r e c t i o n o f the i n i t i a l 

photograph shown t o the c h i l d r e n ( l e f t f a c i n g o r 

r i g h t f a c i n g ) . The w i t h i n - S s f a c t o r s were:- the 

presence or absence o f each o f the f o u r s t i m u l u s 

elements and the d i r e c t i o n i n which the ambiguous 

f i g u r e was f a c i n g . For each age group t h e r e were 

16 c h i l d r e n who were f i r s t p r e s e n t e d w i t h the 

ambiguous f i g u r e f a c i n g i n a p a r t i c u l a r d i r e c t i o n . 

3 c h i l d r e n from each o f the f o u r ' a g e - d i r e c t i o n o f 

i n i t i a l photograph' groups were dropped from t h i s 

a n a l y s i s f o r t h e f o l l o w i n g reasons. 

I n t h e o l d e r age group the s i x c h i l d r e n 

dropped i n c l u d e d one c h i l d who f a i l e d t o mark o r 

e l s e m u l t i p l y marked 10 c o n d i t i o n s , one who 

m u l t i p l y marked 6 c o n d i t i o n s , two who f a i l e d t o 

mark 3 c o n d i t i o n s and two who s i m i l a r l y missed 

2 and 1 c o n d i t i o n s r e s p e c t i v e l y . I n the younger 

age group t h r e e c h i l d r e n missed 2 c o n d i t i o n s , one 

missed 1 c o n d i t i o n and scored a l l the r e s t as 

0 o r 100. The o t h e r 2 c h i l d r e n dropped t o make 

equal numbers o f Ss i n each ' a g e - d i r e c t i o n o f 

i n i t i a l photograph' group were s e l e c t e d as h a v i n g 

e i t h e r s i m p l y scored 0 o r 100 on more than 25 o f 

the 32 c o n d i t i o n s . 
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The data o f the r e m a i n i n g 52 Ss, w i t h 13 Ss i n each 

' a g e - i n i t i a l d i r e c t i o n ' group, was analysed u s i n g 

the Bwanova s t a t i s t i c a l program. The f u l l r e s u l t s 

of t h i s a n a l y s i s are p r e s e n t e d i n Appendix C 

Figu r e 4.5 p r e s e n t s the mean values o f the e f f e c t 

o f each parameter s t u d i e d . Due t o the l a r g e 

number o f p o s s i b l e i n t e r a c t i o n e f f e c t s i t seemed 

reasonable t o adopt a s i g n i f i c a n c e l e v e l o f 

p - ,01, The e f f e c t s o f the 5 w i t h i n Ss f a c t o r s 

at each age l e v e l are shown i n F i g u r e 4. 7 . No 

main e f f e c t o f age was found. N e i t h e r was t h e r e 

any e f f e c t o f the d i r e c t i o n o f the i n i t i a l 

photograph. S i m i l a r l y , no main e f f e c t was found 

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

l e f t . Responses t o each s t i m u l u s are shown i n F i g u r e 4.6 . 

The presence or absence o f t h r e e o f the 

p i c t u r e elements was s i g n i f i c a n t . For the M and 

YE elements t h i s was h i g h l y so ( p < .001 i n b o t h 

cases) whereas the E/EC (p < .01) was l e s s 

s i g n i f i c a n t i n i t s e f f e c t . Presence o f the YE 

element i n c r e a s e d t he p r o p o r t i o n o f the young 

woman reponse whereas the presence o f the o t h e r 

t h r e e elements i n c r e a s e d t h e amount o f o l d woman 

responses. Presence o f the CL element a l s o 

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

not s u f f i c i e n t l y f o r t h e r e s u l t t o be s i g n i f i c a n t 

a t t h e s e l e c t e d p r o b a b i l i t y l e v e l . None o f the 

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

4.3.6. D i s c u s s i o n 

T h i s study again c o n f i r m e d the e f f e c t o f the 

presence o r absence o f the f o u r determined 

elements i n t h e l i n e drawing o f B o r i n g ' s f i g u r e . 

The e f f e c t o f these elements was s i m i l a r t o the 

p r e v i o u s experiment i n which s t u d e n t s were used. 

Again the e f f e c t o f the YE element i n e l i c i t i n g 

a response of YW was much more than was found i n 

the p r e v i o u s a f t e r i m a g e s t u d i e s . The e f f e c t o f 

the M element i n p r o d u c i n g an OW response was 

again very e v i d e n t . As i n the p r e v i o u s experiment 

a s i g n i f i c a n t e f f e c t o f the E/EC i n a i d i n g OW 

p e r c e p t i o n was c o n f i r m e d . I n t h e a f t e r i m a g e 

experiment where t h i s element was a l t e r e d 

s i g n i f i c a n t i n t e r a c t i o n e f f e c t s between t h i s and 

o t h e r elements were found. The two experiments 

presented i n t h i s chapter may not be d i r e c t l y 

comparable however, due t o the d i f f e r e n t s i z e s 

o f s t i m u l i and designs used. 

The most i n t e r e s t i n g f i n d i n g i n the p r e s e n t 

experiment i s t h a t t h e r e was no s i g n i f i c a n t 

d i f f e r e n c e between the two age groups i n terras o f 

t h e i r responses t o the s t i m u l i . The two age 

groups (8.5 and 11 y e a r s ) were s e l e c t e d f o r two 

reasons. F i r s t l y i n t h i s design the c h i l d must 

have a grasp o f what i s r e q u i r e d as regards the 

response t e c h n i q u e . T h i s tended t o s e t a minimum 

u s e f u l age as determined by the p i l o t s t u d y . The 
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upper age l i m i t was t h a t o f the o l d e s t age group 

of c h i l d r e n i n the s c h o o l . 

Secondly, some p r e v i o u s work has suggested t h a t 

t h i s age range would produce d i f f e r e n t responses. 

H o l t and Matson (1976) r e p o r t e d t h a t age 

r e l a t e d e f f e c t s were most s i g n i f i c a n t i n c h i l d r e n 

between 5-10 years u s i n g t he Necker cube. B a r t o l 

and P i e l s t i c k (1972) examined s t i m u l u s p r e f e r e n c e 

u s i n g v a r i o u s ambiguous f i g u r e s and concluded t h a t 

p r e f e r e n c e f o r a m b i g u i t y i n c r e a s e d w i t h age. 

The f a i l u r e t o f i n d a g e - r e l a t e d d i f f e r e n c e s i n 

the p e r c e p t i o n of the ambiguous f i g u r e used here 

demonstrates t h a t b o t h age groups u t i l i s e d t h e same 

cues o r elements i n d e t e r m i n i n g the response o f 

f i g u r e . What the study does not e l a b o r a t e i s 

whether a g e - r e l a t e d d i f f e r e n c e s occur i n the way 

such elements are i n t e g r a t e d . From F i g u r e 4. 7 

the o l d e r age group tended t o respond more as the 

young woman than d i d the younger group when the 

s t i m u l u s c o n d i t i o n s were such as t o e l i c i t t h i s 

aspect. T h i s i s i n accord w i t h the h y p o t h e s i s 

t h a t t h e younger c h i l d r e n would not so r e a d i l y 

respond t o such s t i m u l u s m a n i p u l a t i o n s as the 

o l d e r group a l t h o u g h t h i s d i f f e r e n c e was not 

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

The i n t e g r a t i o n o f the elements may be 

r e f l e c t e d i n d i f f e r e n t eye movement parameters. 

For i n s t a n c e , age r e l a t e d d i f f e r e n c e s i n eye movement 
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d i s t r i b u t i o n s have been proposed by v a r i o u s 

t h e o r i s t s (e.g. P i a g e t , 1969; Hebb, 1949), where 

the younger c h i l d i s proposed t o make more eye 

movements. Such d i f f e r e n c e s may r e f l e c t , i n Hochberg's 

t e r m i n o l o g y , the way i n which a schematic map i s 

organi s e d . Some age d i f f e r e n c e s i n eye movement p a t t e r n s 

have been r e p o r t e d ( W h i t e s i d e , 1974; Mackworth and 

Bruner, 1970). However, no such a g e - r e l a t e d 

d i f f e r e n c e s i n eye movements were found by Girgus 

(1976) i n an a p e r t u r e v i e w i n g s i t u a t i o n i n which age 

d i f f e r e n c e s were found f o r the accuracy o f shape 

p e r c e p t i o n . 

Other experiments would need t o f u r t h e r 

i n v e s t i g a t e t h e manner i n which the elements o f the 

ambiguous f i g u r e are i n t e g r a t e d by d i f f e r e n t aged 

c h i l d r e n , whether t h i s i s i n terms o f eye 

movement p a t t e r n s o r not needs t o be e s t a b l i s h e d . 

This i s a t o p i c f o r f u t u r e research which was not 

pursued here as such p o s s i b l e age e f f e c t s were not 

the prime r e s e a r c h i n t e r e s t . 

4.4. SUMMARY 

Two experiments are r e p o r t e d u s i n g b o t h 

s t u d e n t s and c h i l d r e n which demonstrated t h a t t h e 

e f f e c t o f the elements found i n t h e p r e v i o u s a f t e r i m a g e 

experiments were f u r t h e r e l a b o r a t e d i n f r e e v i e w i n g 

s i t u a t i o n s . T h i s o c c u r r e d f o r a l l ages of s u b j e c t s 
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used, demonstrating the g e n e r a l i t y of the e f f e c t 

of p a r t i c u l a r elements. The i n f l u e n c e of the YE 

element i n e l i c i t i n g the YW response was g r e a t l y 

enhanced i n t h e s e s t u d i e s compared to the 

afte r i m a g e experiments. The e f f e c t of the M 

element i n c a u s i n g a response of OW was f u r t h e r 

confirmed. 

I n t h e s e two experiments l a r g e s t i m u l i were 

used w i t h no c o n t r o l of f i x a t i o n p o s i t i o n and the 

S's immediate response t o the s t i m u l u s was 

emphasised. I n t h e s e c o n d i t i o n s , f i n d i n g the same 

e f f e c t s of elements as i n the a f t e r i m a g e s t u d i e s 

where f i x a t i o n was c o n t r o l l e d c o n f i r m s the r o l e 

p l a y e d by p a r a - f o v e a l p r o c e s s e s i n e l i c i t i n g the 

response of one or o t h e r of the p o s s i b l e a s p e c t s . 

I t i s h y p o t h e s i s e d t h a t i f eye movements were 

recorded i n such f r e e v i e w i n g s i t u a t i o n s then a S's 

f i x a t i o n l o c a t i o n would be i n a c c o r d w i t h an a r e a 

of the s t i m u l u s i n which the element or elements 

were weighted towards the a s p e c t the S was c u r r e n t l y 

r e p o r t i n g . 

In the f o l l o w i n g c h a p t e r s s u i t a b l e a p p a r a t u s 

f o r r e c o r d i n g such eye movements i s f i r s t d e s c r i b e d f o l l o w e d 

by an experiment i n which t h i s i s i n v e s t i g a t e d . 
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C H A P T E R 5 

THE EYE MOVEMENT RECORDING TECHNIQUE 
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5.1. INTRODUCTION 

The p r e v i o u s two ch a p t e r s have d e s c r i b e d 

experiments w i t h t h e ambiguous f i g u r e i n which 

f i x a t i o n p o s i t i o n was c o n t r o l l e d . i n combination 

w i t h an a f t e r i m a g e technique, and a l s o where a 

f r e e v i e w i n g s i t u a t i o n was employed. I n f o r m a t i o n 

has been gained from these s t u d i e s as regards t h e 

use made of the elements o f the ambiguous f i g u r e 

t o g e t h e r w i t h the e f f e c t o f f i x a t i o n p o s i t i o n . The 

next step was t o r e c o r d t h e eye movements o f Ss as 

they viewed t h e f i g u r e and r e p o r t e d f l u c t u a t i o n s . 

Before t h i s c o u l d be done a s u i t a b l e r e c o r d i n g 

method o f such eye movements had t o be devised. 

I n t h i s c h a p t e r t h e development o f a 

technique i s d e s c r i b e d which would measure the eye 

movements o f Ss as they view t h e ambiguous f i g u r e . 

The c r i t e r i a o f such a method were o u t l i n e d i n 

s e c t i o n 2.3.4.: namely, the r e c o r d i n g s h o u l d be 

unno t i c e d by the S and the accuracy s h o u l d be 

about 1° v i s u a l angle. 

The v a r i o u s types o f eye movements are f i r s t 

d e s c r i b e d and the p a r t i c u l a r k i n d o f movement 

o c c u r r i n g i n v i e w i n g p i c t u r e s e l a b o r a t e d . The 

d i f f e r e n t t e c h niques used t o r e c o r d eye movements 

are then d e t a i l e d . These are then e v a l u a t e d and 

the choice o f a s u i t a b l e method i s made and then 

f u l l y e l a b o r a t e d . 

The apparatus b u i l t t o r e c o r d t h e eye movements 
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i s f i r s t d e t a i l e d and then the two techniques 

developed t o score the v i d e o r e c o r d i n g o f the eye 

movements d e s c r i b e d . The sources o f e r r o r i n t h i s 

method o f eye movement r e c o r d i n g are next 

considered and the procedure f o r c o r r e c t i n g these 

e r r o r s discussed. An e v a l u a t i o n t r i a l o f t h e 

technique i s then d e t a i l e d t o g e t h e r w i t h an 

o u t l i n e o f the computer programs which were w r i t t e n 

t o f u l l y analyse and p l o t out the eye movement data. 

5.2. THE TYPES OF EYE MOVEMENTS 

Movements o f the eyes can r e l i a b l y be c l a s s i f i e d 

i n t o the f o l l o w i n g c a t e g o r i e s . Each k i n d o f 

movement has i t s own p e c u l i a r i t i e s which 

d i s t i n g u i s h e s i t from the o t h e r s . 

5.2.1. Saccadic Movements 

These are t y p i c a l l y r a p i d c onjugate movements, 

under v o l u n t a r y c o n t r o l , which are b a l l i s t i c i n 

n a t u r e . Although Weber and D a r o f f (1971) have 

r e p o r t e d dysconjugate h o r i z o n t a l saccades. The 

purpose o f these eye movements appears t o be t o 

b r i n g r e g i o n s o f i n t e r e s t t o f a l l upon the s m a l l 

f o v e a l area o f the r e t i n a . The m a j o r i t y o f saccades 

are l e s s than 15° i n a m p l i t u d e ( L a n c a s t e r , 1941). 

Saccades o f t e n o vershoot (Thomas, 1961) o r 

undershoot (Yarbus, 1967) t h e i r t a r g e t , thus g i v i n g 

r i s e t o s m a l l c o r r e c t i v e saccades (Ginsborg, 1953). 
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Robinson (1964) found t h a t temporal s a c c a d e s 

produced more overshoot than n a s a l ones. Fuchs 

(1971) has p o i n t e d out t h a t i f a f i x a t e d t a r g e t 

s t e p s g r e a t e r than 20° then the sacpade e l i c i t e d 

undershoots by almost 10% of the f i n a l p o s i t i o n . 

Undershooting of the f i n a l t a r g e t p o s i t i o n as the 

saccade amplitude i n c r e a s e s has a l s o been r e p o r t e d 

by Weber and D a r o f f ( 1 9 7 1 ) . 

The d u r a t i o n of the s a c c a d e depends upon the 

magnitude of movement. For movements over 5° 

amplitude (Dodge and C l i n e , 1901) the d u r a t i o n i s 

approximately 20-30 ms p l u s 2ms p e r a d d i t i o n a l 

degree (Robinson, 1964) and i s not under v o l u n t a r y 

c o n t r o l ( Y a r b u s , 1967). Saccades have v e r y high 

i n i t i a l a c c e l e r a t i o n and d e c e l e r a t i o n (up to 

40,000? s " v a r y i n g w i t h the s a c c a d i c amplitude 

(Yarbus, 1967) w i t h a peak v e l o c i t y of up to 

7 0 0 ? s " 1 ( C a r p e n t e r , 1977) f o r l a r g e a m p l i t u d e s . 

Yarbus (1967) g i v e s the f i g u r e of 4 5 0 ? s _ 1 f o r a 

20 s a c c a d e . A r e f r a c t o r y p e r i o d e x i s t s between 

s a c c a d e s of about 150ms and they have a l a t e n c y of 

10Q-300ms i n response to a v i s u a l s t e p s t i m u l u s 

which v a r i e s w i t h the s a c c a d i c jump (S a s l o w , 1967; 

B a r t z , 1962). Oblique s a c c a d e s may be curved 

(Yarbus, 1967). 

V i s i o n i s not c o m p l e t e l y e l i m i n a t e d d u r i n g 

s a c c a d e s . The v i s u a l t h r e s h o l d i s e l e v a t e d j u s t 

p r i o r t o and d u r i n g a s a c c a d e , t h i s b e i n g c a l l e d 
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s a c c a d i c s u p p r e s s i o n (Volkmann, 1962; Zuber and 

S t a r k , 1966). 

5.2.2. P u r s u i t Eye Movements 

These a r e c o n j u g a t e movements which t r a c k 

slow moving o b j e c t s i n the v i s u a l f i e l d and 

t y p i c a l l y r e q u i r e a moving o b j e c t to e l i c i t t h i s 

type of movement ( Y a r b u s , 1967). They a r e not 

u s u a l l y under v o l u n t a r y c o n t r o l (Robinson, 1965). 

They f u n c t i o n to p a r t l y s t a b i l i s e on the 

r e t i n a o b j e c t s moving w i t h i n the range l - 3 0 ? s ~ * . 

They have a l a t e n c y of about 0.2s ( S h a c k e l 1967; 

Yarbus, 1967). P u r s u i t movements have been 

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

s e v e r a l workers ( e . g . Rashbass, 196o)• Alpern 

(1969) has p o i n t e d out t h a t the s t i m u l u s f o r a 

p u r s u i t movement i s l a r g e l y a v e l o c i t y e r r o r 

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

Rashbass (196o) h a v i n g e a r l i e r demonstrated t h a t 

t a r g e t v e l o c i t y and not t a r g e t p o s i t i o n was the 

main s t i m u l u s f o r a p u r s u i t movement. 

Smooth eye movements, s i m i l a r to p u r s u i t 

movements can a l s o be made i n the absence of a 

moving v i s u a l s t i m u l u s . The e l i c i t i n g t e c h n i q u e 

i n v o l v e s t r a c k i n g an a f t e r i m a g e (Heywood and 

Churcher, 1971, 1972). Heywood (1972) has a l s o 

r e p o r t e d a c a s e of a s u b j e c t who c o u l d both 

v o l u n t a r i l y e x e c u t e and a p p a r e n t l y c o n t r o l such 

smooth movements i n the dark. Such s u b j e c t s appear 
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to be r a r e , R i c h a r d s and S t e i n b a c h (1972) r e p o r t i n g 

another c a s e . 

5.2.3. Compensatory Eye Movements 

These are smooth compensatory movements which 

are r e l a t e d to p u r s u i t movements and a c t to 

compensate f o r movement of the head or body so as 

to p a r t i a l l y s t a b i l i s e an o b j e c t upon the r e t i n a 

d u r i n g such motion. L i k e p u r s u i t movements they 

can compensate f o r a movement r a t e of l - 3 0 ? s * 

( M i l l e r , 1958) and have a l a t e n c y of 0.03 to 0.1s 

f o r p a s s i v e body movements. 

5.2.4. M i n i a t u r e Eye Movements 

When a S v o l u n t a r i l y f i x a t e s on a t a r g e t the 

eye i s s t i l l s u b j e c t t o s e v e r a l t y p e s of motion a l l 

g e n e r a l l y l e s s than 1° i n amplitude. These i n c l u d e 

f l i c k s , d r i f t , i r r e g u l a r movements and high 

frequency tremors ( D i t c h b u r n and Ginsborg, 1953). 

The e f f e c t of t h e s e movements i s to i r r e g u l a r l y 

s h i f t the r e t i n a l image about the r e t i n a over an 

a r e a which i s l a r g e r than the f o v e a l r e c e p t o r s 

( C a r p e n t e r , 1977), t h u s p r e v e n t i n g the image of 

the o b j e c t from f a d i n g ( F u c h s , 1971). 

F l i c k s a r e m i n i a t u r e s a c c a d e s , a l s o c a l l e d 

microsaccades, which u s u a l l y r e p o s i t i o n the eye on 

the t a r g e t (Steinman,Haddad, S k a v e n s k i , and Wyman(1973). They are 

predominantly c o r r e c t i v e movements, c o r r e c t i n g the 

o f f - c e n t r e f o v e a l p o s i t i o n produced by the d r i f t 

movement. The l i k e l i h o o d of t h e i r o c c u r r e n c e 
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i n c r e a s e s w i t h the d i s t a n c e between the f o v e a l 

c e n t r e and the f i x a t e d t a r g e t (Cornsweet, 1956). 

They may a l s o s e r v e a s i m i l a r v i s u a l s e a r c h 

f u n c t i o n to t h a t of the l a r g e s a c c a d i c eye 

movements (Steinman, C u n i t z , T i m b e r l a k e and 

Herman, 1967; Haddad and Steinman, 1973). They 

have a range of 1-20* (A l p e r n , 1 9 6 9 ) but can be 

as l a r g e a s 1° (Young and Sheena, 1975b)having an 

angular v e l o c i t y of some 1 0 ? s ~ * and o c c u r r i n g 

at i r r e g u l a r i n t e r v a l s . The c l o s e r e l a t i o n s h i p 

between the b e h a v i o u r of m i c r o s a c c a d e s t o t h a t of 

gr o s s s a c c a d e s has been demonstrated by Ginsborg 

(1953) and a l s o Zuber, S t a r k and Cook ( 1 9 6 5 ) . 

D r i f t s a r e slow movements o f approximately 5' 

amplitude away from a f i x a t i o n p o i n t h a v i n g an 

angular v e l o c i t y of about l i s " * * ( R a t l i f f and Riggs 

1950 ; D i t c h b u r n , 1973), Nachraias (1959) r e p o r t s 

t h a t i n any i n d i v i d u a l both d r i f t s and f l i c k s o c c u r 

along a p r e f e r r e d a x i s . 

An i r r e g u l a r slow motion o f the eye which 

d i f f e r s both between and w i t h i n S s , ha v i n g a 

frequency of 2-5 Hz and amplitude of 1-5' has been 

d e s c r i b e d by R a t l i f f and Riggs (1950 ) . 

High frequency tremor has a frequency of 

10-150 Hz ( C a r p e n t e r , 1977). The amplitude i s of 

the o r d e r of the s m a l l e s t cones ( 2 4 " ) of the eye. 

Tremor i s a p p a r e n t l y u n c o r r e l a t e d between both 

eyes ( R i g g s and R a t l i f f , 1951) and c a u s e s the image 
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of a f i x a t e d p o i n t to d e s c r i b e a c o n i c a l s u r f a c e 

on the r e t i n a ( Y a r b u s , 1967). 

5.2.5. Vergence Eye Movements 

These p e r m i t a c q u i s i t i o n o f near o r f a r 

o b j e c t s by means of the eyes moving i n o p p o s i t e 

d i r e c t i o n s so as to p r o v i d e adequate b i n o c u l a r 

f u s i o n of the two images of an o b j e c t (Zuber, 1971). 

Both b i n o c u l a r d i s p a r i t y and f o c u s s i n g e r r o r s can 

g i v e r i s e t o such movements, as can accommodation 

( C a r p e n t e r , 1977; Westheimer, 1971). These 

movements are slow (Dodge, 1903) w i t h a l a t e n c y 

of about 160 ms i n response to a sudden s t e p 

change - be i n g l e s s f o r convergent movements than 

f o r d i v e r g e n t movements ( Y a r b u s , 1967) w i t h 

Robinson (19Q>) g i v i n g the f i g u r e f o r vergence r a t e 

of 1 0 ? s ~ * f o r each degree of i n t e r - r e t i n a l e r r o r . 

5.2.6. Nystagmus 

Rhythmic c o n s t a n t s h i f t i n g of the eye 

c o n s i s t i n g of an a l t e r n a t i n g slow and f a s t phase 

i s known as nystagmus. S e v e r a l types of nystagmus 

e x i s t . O p t o k i n e t i c Nystagmus i s produced by 

moving r e p e t i t i v e p a t t e r n s i n the v i s u a l f i e l d 

( W a l l s , 1962). R a t h e r s i m i l a r i s V e s t i b u l a r 

Nystagmus caused by s t i m u l a t i n g the s e m i c i r c u l a r 

c a n a l s as the head i s r o t a t e d . V o l u n t a r y Nystagmus 

i s a p e n d u l a r movement found i n some i n d i v i d u a l s . 

Both phases have s i m i l a r v e l o c i t y u n l i k e O p t o k i n e t i c 

and V e s t i b u l a r N ystagmus, 
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L a t e n t Nystagmus i s 

i n which no nystagmus i s 

v i s i o n i s p e r m i t t e d , but 

occluded ( A l p e r n , 1969). 

a r a r e c l i n i c a l c o n d i t i o n 

p r e s e n t when b i n o c u l a r 

occurs when one eye i s 

5.3. EYE MOVEMENTS IN PICTURE PERCEPTION 

I n the r e s e a r c h p r e s e n t e d here the eye movements 

o f i n t e r e s t are those o f a S s e a r c h i n g a s t a t i c 

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

predominant type o f eye movement i s the saccade. The 

p e r c e p t i o n o f such a s t i m u l u s b e i n g c o n s i d e r e d as 

an a l t e r n a t i n g sequence o f saccades and f i x a t i o n s . 

Although m i n i a t u r e eye movements w i l l be pr e s e n t i n 

the f i x a t i o n s they are of minor concern here. At 

l e a s t two major works on eye movements d u r i n g 

p i c t u r e p e r c e p t i o n have been p u b l i s h e d ( B u s w e l l , 

1935; Yarbus, 1967) and i s a t o p i c o f much re s e a r c h 

(e.g. Gould, 1976). T h i s i s d e a l t w i t h i n the next 

chapter. 

5- 4- EYE MOVEMENT RECORDING METHODS 

There e x i s t s e v e r a l p o s s i b l e t e c h n i q u e s f o r 

r e c o r d i n g eye movements. Each approach has i t s own 

advantages and disadvantages, b e i n g a p p r o p r i a t e f o r 

p a r t i c u l a r cases. S e v e r a l f u l l o r p a r t i a l reviews 

o f these methods have appeared (Glen,I94O; Lord and 
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W r i g h t , 1950; Russo, 1975; Monty and Senders, 1976; Young 

1963; Young, 1970; Young and Sheena, 1975a, b ) . 

The f o l l o w i n g s e c t i o n c o n s i d e r s each approach i n 

t u r n and then e v a l u a t e s them f o r the p r e s e n t 

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

5.4.1. D i r e c t V i e w i n g 

Yarbus (1967) r e p o r t s t h a t w i t h p r a c t i c e one 

can d e t e c t movements o f about 1° a m p l i t u d e by 

simple d i r e c t o b s e r v a t i o n . T h i s approach has no 

long term u s e f u l n e s s as no r e c o r d o f movements i s 

made. However, i t has found f a v o u r w i t h t h e 

r e c o r d i n g o f l a t e r a l eye movements i n response t o 

p a r t i c u l a r q u e s t i o n types. Here t h e experimenter 

i s i n t e r e s t e d i n b o t h the occurrence o f a h o r i z o n t a l 

movement and i t s d i r e c t i o n a t p a r t i c u l a r t i mes 

d u r i n g an experiment, no measure o f the e x t e n t o f 

movement b e i n g r e q u i r e d . A b r i g h t spot ( b l o b o f 

mercury) a t t a c h e d t o t h e eye can be a u s e f u l a i d 

i n d e t e c t i n g movements i n t h i s way (Barlow, 1952). 

5.4.2. Contact Lens 

A c o n t a c t l e n s a t t a c h e d t o the eye can be 

used t o measure eye movements e i t h e r e l e c t r o -

m a g n e t i c a l l y o r o p t i c a l l y . W i th the l a t t e r system 

c o l l i m a t e d l i g h t d i r e c t e d towards the eye i s 

r e f l e c t e d from a m i r r o r a t t a c h e d t o the c o n t a c t l e n s , 

the m i r r o r a c t i n g as an o p t i c a l l e v e r (Orschansky, 

1898). The m i r r o r i s u s u a l l y mounted on a s t a l k 

a t t a c h e d t o t h e l e n s . R o t a t i o n o f t h e eye a l t e r s 
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the angle of r e f l e c t i o n o f t h i s l i g h t which i s 

d e t e c t e d by a s u i t a b l e p h o t o c e l l t o g i v e a measure 

of eye movement. Other d e t e c t o r s have been used, 

e.g. D i t c h b u r n and Ginsborg (1953) u t i l i s e d f i l m 

r e c o r d i n g . Haddad and Steinman (1973) have used 

such a m i r r o r system i n c o n j u n c t i o n w i t h an 

a t t e n u a t e d l a s e r as the l i g h t source. Small 

l a t e r a l head movements do not a f f e c t t h i s 

r e f l e c t i o n as l o n g as the head i s q u i t e w e l l 

s t a b i l i s e d w i t h r e s p e c t t o the r e c o r d i n g apparatus 

( R a t l i f f and Riggs, 1950). More than one m i r r o r 

has been mounted on the c o n t a c t l e n s . Matin and 

Pearce (1964) used 2 m i r r o r s which enabled 

t o r s i o n a l movements t o be recorded as w e l l as 

v e r t i c a l and h o r i z o n t a l ones. Fender (1964) has 

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

An a l t e r n a t i v e t o the o p t i c a l l e v e r i s the use 

of a m u l t i p l e l i n e p a t t e r n a t t a c h e d t o t h e c o n t a c t 

lens (Forgacs, J a r f a s and Kun, 1973) which when 

imaged th r o u g h a s l i t onto a moving f i l m has been 

s u c c e s s f u l l y used t o measure v e r t i c a l , h o r i z o n t a l 

and t o r s i o n a l movements. 

E l e c t r o - m a g n e t i c d e t e c t i o n o f eye movements 

i s accomplished by u s i n g i m p l a n t e d c o i l s i n the 

c o n t a c t l e n s . The c o i l s are mounted a t r i g h t 

angles t o each o t h e r and the S s i t s i n a u n i f o r m , 

a l t e r n a t i n g magnetic f i e l d induced by o t h e r l a r g e r 

c o i l s p l a c e d about t h e S's p o s i t i o n . When the eye 
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r o t a t e s s m a l l v o l t a g e s a re induced i n the impl a n t e d 

c o i l s which g i v e a measure of eye movement 

(Robinson, 1963). Eye r o t a t i o n i s r e c o r d e d without 

t r a n s l a t i o n a l e f f e c t s . C o l l e w i j n , Mark and Jansen 

(1975) have used t h i s t e c h n i q u e but w i t h a s c l e r a l 

r i n g i n s t e a d of a c o n t a c t l e n s . 

High r e s o l u t i o n s are r e p o r t e d f o r c o n t a c t l e n s 

t e c h n i q u e s , e.g. 2-3" of a r c (Matin and P e a r c e , 

1964) w i t h Robinson (1963) r e p o r t i n g 15" of a r c 

f o r h i s t e c h n i q u e . The o p t i c a l l e v e l systems a re 

r e s t r i c t e d to s m a l l movements (+ 5°) of the eye as 

the i n e r t i a of the d e v i c e a f f e c t s a c c u r a t e r e c o r d i n g 

of l a r g e r s a c c a d e s . The main d i f f i c u l t y of both 

approaches i s t h a t of c o n t a c t l e n s s l i p p a g e which 

can be i n t e r p r e t e d as an eye movement (Barlow, 1963) 

and which i s important when such high r e s o l u t i o n i s 

r e q u i r e d . Fender (1964) r e p o r t s l e n s s l i p p a g e of 

1 min. of a r c d u r i n g a 1° s a c c a d e . 

D i f f e r e n t t e c h n i q u e s of a t t a c h i n g the c o n t a c t 

l e n s to the eye have been employed. Some of t h e s e 

i n c r e a s e the n e g a t i v e p r e s s u r e between the l e n s 

and the cornea to p r e v e n t l e n s s l i p p a g e . 

Yarbus ( 1 9 6 7 ) used a s u c t i o n d e v i c e . Fender 

(1964) implemented the use of a s o l u t i o n of sodium 

b i c a r b o n a t e between the eye and the l e n s , t h i s 

caused osmotic a c t i o n which reduced the p r e s s u r e 

under the l e n s . These methods i n v o l v e the use of an 

a n a e s t h e t i c as they a re p a i n f u l t o the S. The m i r r o r 
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can be a t t a c h e d t o the c o n t a c t l e n s by a s t a l k i n 

which case b l i n k i n g by the S becomes a problem. 

When the a l t e r n a t i v e o f a t t a c h i n g the m i r r o r 

d i r e c t l y t o the c o n t a c t lens i s used then the 

l i g h t r e f l e c t e d can be a f f e c t e d by the t e a r f i l m 

o f the eye: Nayrac, M i l b l e d , Parqet, L e c l e r c q and 

Dhedin (1969) have used a s m a l l r a d i a t i n g source 

on the c o n t a c t l e n s and m o n i t o r e d v e r t i c a l and 

h o r i z o n t a l eye movements w i t h two p h o t o m u l t i p l i e r s . 

This p e r m i t t e d b l i n k i n g and was u s e f u l over a 

range o f .3 t o 30° h a v i n g a r e s o l u t i o n o f 20' 

of a r c. 

5.4.3. Limbus Technique 

The boundary between the c o l o u r e d i r i s and 

the w h i t e s c l e r a o f the eye i s known as the limbus. 

Each s i d e o f t h i s boundary i s d i f f e r e n t i a l l y 

r e f l e c t i v e o f i n c i d e n t l i g h t . S e v e r a l t e c h n i q u e s 

use t h i s f a c t as the b a s i s o f r e c o r d i n g eye 

movements. 

Given t h a t some s u i t a b l e d e t e c t o r i s measuring 

the amount of r e f l e c t e d l i g h t from an area of the 

eye which i n c o r p o r a t e s t h i s limbus boundary, then 

the amount r e f l e c t e d w i l l i n c r e a s e as more and more 

s c l e r a i s p r e s e n t i n the sensed area. R e f l e c t i o n 

from the i r i s area i s dependent upon t h e i r i s 

c o l o u r and the wavelength o f the i n c i d e n t l i g h t , 

b e i n g l e s s than f o r the s c l e r a . I f the d e v i c e i s 

measuring h o r i z o n t a l eye movements then movement 



315 

one way w i l l increase the s c l e r a l r e f l e c t i o n w h i l s t 
movement i n the opposite d i r e c t i o n w i l l decrease i t . 
S i m i l a r l y , i f the sensed area i s a p p r o p r i a t e l y 
located then v e r t i c a l movements w i l l also increase 
or decrease the s c l e r a l r e f l e c t i o n . A t y p i c a l 
device uses a l i g h t source ( o f t e n i n f r a - r e d ) and 
photocells mounted on a spectacle frame. 

Torok,Guillemin and Barnothy (1951) were the 
f i r s t t o use t h i s p r i n c i p l e by imaging a h o r i z o n t a l 
s l i t of the eye upon a p h o t o m u l t i p l i e r . R i c h t e r 
(1956) used d i f f u s e r e f l e c t e d l i g h t and recorded 
h o r i z o n t a l and v e r t i c a l movements independently. 
The S wore goggles, which contained both the l i g h t 
source and detector. A v i s i b l e l i g h t source w i t h 
a removable i n f r a - r e d f i l t e r has also been employed 
which permits easy v i s u a l alignment on the limbus 
p r i o r t o i n f r a - r e d recording (Gaarder, Silverman, 
Pfefferbaum, Pfefferbaum and King, 1967). 

The technique i s q u i t e accurate, b e t t e r than 
0.5° over 30° h o r i z o n t a l l y and 20° v e r t i c a l l y 
(Russo, 1975). Young and Sheena (1975b)quoting a 
higher accuracy of 15-30' of arc when a 
spectacle frame i s used c o n t a i n i n g the detector, 
although Young (1970) gives a f i g u r e of 1° accuracy 
f o r v e r t i c a l movements f o r h i s own device. Changes 
i n ambient i l l u m i n a t i o n can cause problems as t h i s 
w i l l p o ssibly be detected and taken aw a movement 
of the eye- This i s overcome by 'chopping' the 
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l i g h t source (Wheeless, Boynton and Cohen, 1966) 
or using i n f r a - r e d l i g h t e m i t t i n g diodes (Young, 
1970) and demodulating the detected output changes 
of the detector p h o t o c e l l s . 

With limbus techniques v e r t i c a l eye movement 
measurement i s d i f f i c u l t due t o movements of the 
eyelids which can also a f f e c t the amount of 
r e f l e c t e d l i g h t i f they enter the detected area. 
Careful s e l e c t i o n of such areas overcomes t h i s or 
the e y e l i d movement i t s e l f can be used, t h i s being 
clo s e l y r e l a t e d t o v e r t i c a l eye movement (McEwen 
and Goodner, 1969). The v e r t i c a l movement of the 
upper e y e l i d was employed by Young (1970) whereas 
M i t r a n i , Yakimoff and Mateef (1972) tracked the 
lower e y e l i d . 

Various arrangements of source and detectors 
have been employed t o obtain the best performances 
from each system. The areas sensed on the surface 
of the eye having t o be chosen so t h a t eye movements 
w i t h i n the measurable range w i l l a f f e c t the 
detector output ( i . e . the limbus boundary remains 
w i t h i n the detected area) without causing c r o s s - t a l k 
between the two recording areas so that the two 
separate outputs are no longer independent (Russo, 
1975). Jones (1973) used a s i n g l e i n c i d e n t l i g h t 
source w i t h two short f o c a l length lenses mounted 
i n f r o n t of the recording p h o t o c e l l s such t h a t two 
rectangular areas of the eye i n c l i n e d at 90° t o each 
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other and 45 t o the h o r i z o n t a l were sensed. 
Wheeless, Boynton and Cohen (1966) also used masked 
sensing of the r e f l e c t e d l i g h t whereas Stark, 
Vossius and Young (1962) used 2 l i g h t sources and 
2 photocells sensing small unmasked areas e i t h e r 
side of the i r i s t o detect h o r i z o n t a l movement. 

Detection of a h o r i z o n t a l s l i t area of the 
eye has been used. Wilkinson (1975) recorded 
h o r i z o n t a l eye movements by using l i g h t e m i t t i n g 
diodes t o i l l u m i n a t e the eye using a lens t o image 
a sin g l e h o r i z o n t a l s l i t on a photodetector. 
Gaarder, Silverman, Pfefferbaum, Pfefferbaum and 
King (1967) also employed a s i n g l e h o r i z o n t a l 
s l i t area of the eye r e p o r t i n g the a b i l i t y t o 
detect movements of 1' of arc w i t h i n a range of 
20°. 

Craske and Smith (1975) used four modulated 
i n f r a - r e d sources and four detectors placed so as 
to form the corners of a square around the i r i s . 
Resolution of 5' of arc w i t h i n a 15° x 15° area was 
possible. Gauthier and V o i l e (1975) also used four 
s i m i l a r l y p o s i t i o n e d detectors, but only a s i n g l e 
i n f r a - r e d source, w i t h a range of 40° h o r i z o n t a l l y 
and 20° v e r t i c a l l y , r e s o l u t i o n being 1' of arc. 
B i f u r c a t e d f i b r e o p t i c s ( F i n d l a y , 1974) have been 
used t o achieve a small sensed area of the eye 
producing high r e s o l u t i o n . 



318 

5.4.4. Electro-0(ulography (FOG) 
The eye e s s e n t i a l l y contains an e l e c t r o s t a t i c 

dipole caused by the p o t e n t i a l d i f f e r e n c e between 
the cornea and the r e t i n a . The higher metabolic 
rate of the r e t i n a ensuring that the cornea i s some 
0.4 to 1.0 jiV p o s i t i v e w i t h respect t o the negative 
e l e c t r i c a l pole l y i n g approximately at the o p t i c 
disk. Skin electrodes placed around the eye can 
detect the movement of t h i s d ipole which moves as 
the eye r o t a t e s (Schott, 1922; Meyers, 1929). This 
technique i s know as electro-oculography (Marg, 1951; 
Monnier and Hufschmidt, 1951). H o r i z o n t a l eye 
movements are detected by electrodes placed at the 
outer canthi and v e r t i c a l movements by electrodes 
placed above and below the eye. An a d d i t i o n a l 
ground electrode i s located e i t h e r on the ear or 
the c e n t r a l forehead. 

Both a.c. and d.c. recording techniques are 
used. Eye p o s i t i o n i n f o r m a t i o n i s given by using 
d.c. recording employing s i l v e r - s i l v e r c h l o r i d e 
skin electrodes which do not p o l a r i s e e a s i l y . The 
recording of both v e r t i c a l and h o r i z o n t a l movements 
i s complicated by possible cross coupling between 
the two axes as w e l l as n o n - l i n e a r i t y of the 
recording. Shackel (1967) reports t r i a l and e r r o r 
attempts t o minimize such cross t a l k . A technique 
f o r overcoming t h i s has been used by Jeannerod, 
Gerin and Rougier (1966) which included recording 
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the v e r t i c a l movementb of both eyes using two 
superior and two i n f e r i o r electrodes w i t h the 
outputs of each superior or i n f e r i o r p a i r connected 
together. Bles and Kapteyn (1973) have also used 
the same four electrode p o s i t i o n s but combine the 
outputs d i f f e r e n t l y t o achieve s i m i l a r cross t a l k 
e l i m i n a t i o n . 

The a l t e r n a t i v e technique of a.c. recording 
i s used f o r measuring nystagmus and eye movements 
where p o s i t i o n i n f o r m a t i o n i s not required. 

Young and Sheena (1975b) give the measurement 
range as + 50° v e r t i c a l l y and + 50 - 80° 
h o r i z o n t a l l y . Shackel (1967) r e p o r t s t h a t 95% of 
a l l eye f i x a t i o n s , i n the range of 0° t o 30° e i t h e r 
side of centre, was recorded w i t h an e r r o r not 
worse than + 1.35°. This f i g u r e represents the 
separate recording of each ax i s . Simultaneous 
recording of both axes possibly leads t o a r a d i a l 
e r r o r of 1.9° ( Shackel, 1967). The response 
l i n e a r i t y of the technique decreases above 30° 
movement. Colegate and Hoffman (1974) have reported 
d e t e c t i o n of eye movements of 1-1, 5^ v i s u a l angle by 
averaging the EOG although when Ohtani, 
Kuchinomachi and Yagi (1974) constructed a device 
f o r d e t e c t i n g saccades using EOG recording they 
found t h a t the r e s o l u t i o n was l i m i t e d t o 2° as 
greater s e n s i t i v i t y r e s u l t e d i n t r i g g e r i n g of the 
detector by alpha waves or other e l e c t r i c a l noise. 
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Such EOG recording i s subject to several 
problems. The EOG p o t e n t i a l s are very small, 
some 15-200 uV, thus b r a i n p o t e n t i a l s (EEG) can 
be picked up as w e l l by the electrodes. Shackel 
(1967) has argued that muscle p o t e n t i a l 'noise'(EMG) can be 
eliminated by s u i t a b l e e l e c t r o n i c f i l t e r i n g of the 
recorded s i g n a l and th a t EEG i n t e r f e r e n c e i s 
r e l a t i v e l y small being equivalent t o an eye 
movement of some 0.25 - 0-5° v i s u a l angle. EEG 
int e r f e r e n c e i s problematic where r a p i d eye 
movements (REM) are recorded during sleep, 
although common mode r e j e c t i o n techniques (Hord, 
1975) can overcome t h i s . 

A common a r t e f a c t i n EOG recording i s the 
b l i n k , having an amplitude of 0.5 - 1 uV (S hackel 
1967). Some i n v e s t i g a t o r s s p e c i f i c a l l y use EOG 
to record b l i n k i n g (e.g. Poulton and Gregory, 1952). 
V a r i a t i o n s can occur i n the p o t e n t i a l d i f f e r e n c e 
between the r e t i n a and the cornea due to l i g h t 
adaptation ( K r i s , 1958; Kolder, 1959) as w e l l as 
d i u r n a l v a r i a t i o n s (Davis and shackel, 1960; 
Gonshoor and Malcolm,1971). D r i f t of the EOG 
due t o sk i n p o l a r i s a t i o n can be minimised by sk i n 
abrasion p r i o r t o electrode placement ( ghackel, 
1967) although t h i s i s not s u i t a b l e f o r some cases 
such as newborn i n f a n t s (Harper, Ifc>ppenbrouwers and 
Ross, 1976). 

The technique does not of i t s e l f record head 
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movements thus f o r accurate eye l o c a t i o n upon a 
stimulus e i t h e r a separate head movement detector 
i s required or else the head has to be immobilised. 
Carpenter (1977) comments upon the technique by 
p o i n t i n g out t h a t the exact o r i g i n of the corneo-
r e t i n a l p o t e n t i a l i s unknown and t h i s f a c t thus 
poses a major d i f f i c u l t y i n basing the measurement 
technique upon i t . For instance, EOG-like 
recordings have been reported from an enucleated 
subject ( L i p p o l d and Shaw, 1971) which was 
obviously not produced by a c o r n e o - r e t i n a l p o t e n t i a l . 
Byford (1963) recorded eye movements w i t h EOG 
and contact lenses f i n d i n g t h a t the EOG 
recording d i d not f a i t h f u l l y r e f l e c t the eye 
movements. 

5.4.5. Corneal R e f l e c t i o n Methods 
Incident l i g h t on the eye r e s u l t s i n a 

v i r t u a l image, a corneal r e f l e x , of the l i g h t source 
produced by the cornea which can be considered to 
approximate a convex m i r r o r over i t s c e n t r a l 25° 
region. As the eye r o t a t e s t h i s image also moves 
i n the same d i r e c t i o n r e l a t i v e t o the head but only 
by an amount about h a l f the eye movement i t s e l f and 
so appears displaced i n the opposite d i r e c t i o n t o 
the a c t u a l movement r e l a t i v e t o the o p t i c axis of 
the eye. This occurs because the radius of 
curvature of the cornea i s less than t h a t of the eye 
i t s e l f . Corneal r e f l e c t i o n methods are a f f e c t e d by 
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v a r i a t i o n s i n the shape of the cornea, corneal 
astigmatism and the thickness of the tear f i l m . 
These f a c t o r s l i m i t the accuracy of t h i s approach 
to about 0-5 - 1° (Young and Sheena, 1975b) . 

The corneal r e f l e x can be recorded i n two 
ways, e i t h e r alone or i n r e l a t i o n t o some other 
eye parameter which i s t y p i c a l l y the p u p i l centre. 
These two approaches are considered here as 
corneal r e f l e x and p o i n t of regard systems 
resp e c t i v e l y . 

5.4.6. Corneal Reflex 
The eye does not r o t a t e about a f i x e d centre, 

thus eye r o t a t i o n r e s u l t s i n both r o t a t i o n and 
t r a n s l a t i o n . The l a t t e r i s g r e a t l y enhanced i f 
head movements w i t h respect t o the source and 
recording medium are permitted. A 1mm change i n 
head p o s i t i o n being equivalent t o more than 12° eye 
r o t a t i o n (Ditchburn and Ginsborg, 1953). 
S t a b i l i s a t i o n of the head to the apparatus i s thus 
necessary by e i t h e r f i r m l y r e s t r i c t i n g the head or 
by using the apparatus i n a head-mounted fashion. 

Dodge and Cline (1901) f i r s t recorded the 
corneal r e f l e x w i t h a photographic p l a t e . The use 
of movie-film was soon introduced. Buswell (1935) 
and also Jasper and Walker (1931) used two f i l m s , 
one f o r h o r i z o n t a l and one f o r v e r t i c a l eye movement 
recording. Miles and Shen (1925) recorded both on 
the one f i l m . Movements of both eyes were recorded 
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by Clark (1931). Brandt (1937) ev e n t u a l l y 
accomplished recording both v e r t i c a l and 
h o r i z o n t a l movements w i t h a 35mm camera. A 
modified opthalmograph f o r such recording has also 
been described by A l l e n (1955). 

Mackworth and Mackworth (1958) reported a 
system employing closed c i r c u i t t e l e v i s i o n 
recording of a S's eye movements. The S sat w i t h 
his head r i g i d l y r e s t r a i n e d by a b i t e bar 
i n c o r p o r a t i n g a dental impression as w e l l as a 
rear head-rest and cheek-bone supports. With the 
S i n p o s i t i o n the t e l e v i s i o n camera was set t o 
record the corneal r e f l e x from the S's r i g h t eye 
of a s i n g l e , b r i g h t l i g h t source. The S looked 
at a t e l e v i s i o n monitor which displayed the 
stimulus. A t e l e v i s i o n mixer allowed the corneal 
r e f l e x t o be displayed superimposed over the 
stimulus f o r the experimenter t o study, as w e l l as 
being recorded on 16mm f i l m f o r subsequent a n a l y s i s . 
N o n - l i n e a r i t y of the movement of the r e f l e x was 
accounted f o r t o some extent by a d j u s t i n g the S's 
monitor c o n t r o l s or by angling t h i s monitor w i t h 
respect to the S. A l t e r i n g the m a g n i f i c a t i o n of 
the corneal r e f l e x camera was also necessary f o r 
d i f f e r e n t Ss so as t o achieve adequate super-
im p o s i t i o n of the r e f l e x on the stimulus display 
and was done w i t h the S f i x a t i n g a c a l i b r a t i o n 
stimulus. A l a t e r m o d i f i c a t i o n (Mackworth, 1967) 
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employed o p t i c a l superimposition of the r e f l e x 
upon the stimulus f o r recording purposes w i t h an 
accuracy of + 1° over a 20° range. 

A head-mounted eye movement recorder was 
developed by Mackworth and Thomas (1962). A 
helmet arrangement c a r r i e d an 8mm recording 
camera as w e l l as the necessary o p t i c s . The 
corneal r e f l e x of a small l i g h t bulb suspended 
from the helmet was picked up and o p t i c a l l y 
mixed by a beam s p l i t t e r w i t h the scene being 
viewed p r i o r t o recording. An accuracy of + 1° 
h o r i z o n t a l l y and + 2° v e r t i c a l l y being possible. 
I n i t i a l alignment of the r e f l e x over a c a l i b r a t i o n 
stimulus was achieved by the experimenter d i r e c t l y 
viewing the combined o p t i c a l output of the device. 

A commercial instrument i s now a v a i l a b l e 
(NAC Eyemark) which uses f i b r e o p t i c s so t h a t the 
camera does not have t o be head mounted. The 
weight of the device f o r the S i s thus reduced. 
M o d i f i c a t i o n s of t h i s device have been reported 
which increase the s t a b i l i s a t i o n of the system on 
the S's head (Cox,1973; Gale, Johnson and 
Worthington,1978 ) • 

5.4.7. Point of Regard 
The simple recording of a s i n g l e corneal 

r e f l e x i s a f f e c t e d by eye t r a n s l a t i o n as w e l l as 
eye r o t a t i o n . Corneal r e f l e x methods seek t o 
reduce t r a n s l a t i o n e r r o r s by r e s t r i c t i n g the S's 
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head motion w i t h respect t o the apparatus. An 
a l t e r n a t i v e technique of overcoming such e r r o r s i s 
to record the p u p i l centre as w e l l as some s u i t a b l e 
corneal r e f l e c t i o n . Cowey (1963) has shown t h a t 
t r a n s l a t i o n a l head movements of some 0.5° do not 
a f f e c t the accuracy of t h i s method. The 
r e l a t i o n s h i p between the centre of the p u p i l and 
some corneal r e f l e c t i o n i s very nearly constant 
f o r a l a t e r a l head movement, but changes f o r an 
eye movement. 

Two approaches have been used w i t h e i t h e r 
m u l t i p l e l i g h t sources or a s i n g l e source. 

M u l t i p l e l i g h t sources. Cowey (1963) 
developed a method of perimetry f o r use w i t h 
monkeys r e p o r t i n g experimental t r i a l s w i t h humans 
where the S viewed p o i n t s on a perimeter through 
a peephole. Four photoflood l i g h t s d i r e c t e d 
towards the peephole provided corneal r e f l e c t i o n s 
as w e l l as i l l u m i n a t i n g the S's eye. The recording 
camera was p o s i t i o n e d almost d i r e c t l y i n f r o n t of 
the S's p o s i t i o n . Cowey demonstrated t h a t l a t e r a l 
head movements of some 1.27 cms d i d not a f f e c t the 
a b i l i t y t o detect the S's f i x a t i o n p o s i t i o n on a 
stimulus m a t r i x composed of t a r g e t s separated 
from one another by 5° v i s u a l angle. 

A s i m i l a r idea of using separate l i g h t sources 
was used by Salapatek and Kessen (1966) and also 
Haith (1969) f o r human i n f a n t s . The use of i n f r a 
red l i g h t sources aided S eye romfort and i n 
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conjunction w i t h a s u i t a b l e i n f r a - r e d s e n s i t i v e 
f i l m or t e l e v i s i o n cam^rn permitted undetected 
monitoring. I n n s i m i l a r fashion t o Cowey, 
the camera was placed d i r e c t l y i n f r o n t of the S 
hidden behind the stimulus. S l a t e r (1974) also 
reports a s i m i l a r system. 

The wide angle r e f l e c t i o n eye camera 
(Mackworth, 1968) employed the S viewing a 
stimulus through a h a l f s i l v e r e d m i r r o r . 
I l l u m i n a t e d scales around the edge of the stimulus 
scene served as the sources t o provide the corneal 
r e f l e c t i o n s which were recorded by a camera v i a 
the m i r r o r . The record displays the S's eye as 
w e l l as the r e f l e c t i o n of the scales. The p o i n t 
of the stimulus being f i x a t e d by the S i s read o f f 
the display by a s c e r t a i n i n g the p u p i l centre and 
reading t h i s o f f the scales which are present as 
the corneal r e f l e c t i o n s . An accuracy of 1.9° 
v i s u a l angle i s reported by Mackworth w i t h t h i s 
method using a 29. ̂ s t i m u l u s d i s p l a y 38 cms d i s t a n t 
from the S. 

Single l i g h t source - (Oculometer). The 
oculometer approach uses a s i n g l e l i g h t source 
e f f e c t i v e l y placed at o p t i c a l i n f i n i t y and which 
i s c o a x i a l l y a l i g n e d w i t h the recording system by 
a beam s p l i t t e r . This arrangement ensures t h a t the 
corneal r e f l e c t i o n l i e s along the axis j o i n i n g the 
corneal centre of curvature and the oculometer. 
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The measured displacement between the centre of 
the p u p i l and corneal r e f l e c t i o n i s thus a 
function of eye r o t a t i o n only. The oculometer 
apparatus co n t a i n i n g both the l i g h t source and 
recording apparatus i s s i t u a t e d a few fee t away 
from the S. 

The technique has an accuracy of about 1° 
over a wide range; + 30° h o r i z o n t a l l y , + 30° and 
- 10° v e r t i c a l l y . The v e r t i c a l measurement i s 
wi t h reference t o a l i n e j o i n i n g the oculometer t o 
the eye. The technique was f i r s t demonstrated 
by Merchant (1968). Subseauently several 
modifications have been reported e.g. Merchant, 
l o r r i s s e t t e and P o r t e r f i e l d (1974). 

The oculometer approach permits small 

head movements w i t h i n a 2.5cc region of space a f t e r 
which the eye i s l o s t . The per m i t t e d range of head 
movements can be extended to some 30.5cc by servo-
c o n t r o l l e d t r a c k i n g m i r r o r s i n the f i n a l common 
path of the i n c i d e n t and r e f l e c t e d l i g h t . Besides 
the advantage of such free head movement the 
device i s us u a l l y completely remote from the S 
and can be operated without S's awareness. A 
helmet mounted version of the oculometer has also 
been devised (Merchant, 1974). 

O r i g i n a l l y an image d i s s e c t e r was used f o r 
recording the eye movements, but subsequent systems 
e x c l u s i v e l y use video recording. I n t h i s format 
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the data i s very amenable t o o n - l i n e analysis 
which can also be used t o c o n t r o l the servo -contro, 
m i r r o r s . By l i m i t i n g the i n c i d e n t l i g h t t o the 
i n f r a - r e d region the S i s r e l a t i v e l y unaware of 
i t s presence and due t o the c o a x i a l arrangement 
the i n c i d e n t l i g h t r e f l e c t e d and scattered back 
from the r e t i n a serves t o b a c k l i g h t the p u p i l . 
This aids e l e c t r o n i c processing as the problem 
i s then one of t r a c k i n g the b r i g h t corneal r e f l e x 
i n r e l a t i o n s h i p t o the centre of the less b r i g h t 
disc of the b a c k l i g h t e d p u p i l (the so c a l l e d 
' b r i g h t p u p i l ' ) . Visual and e l e c t r o n i c 
f i l t e r i n g can then remove a l l the r e s t of the 
eye d e t a i l t o a i d t h i s processing. 

A s i m i l a r system has been d e t a i l e d by A l b u t t , 
Bamborough, Churcher, Heywood, Rice and S a l t e r 
(1975) which does not use s e r v o - c o n t r o l l e d m i r r o r s 
and has a r e s o l u t i o n of 1° h o r i z o n t a l l y and 1.5° 
v e r t i c a l l y . Davis, Lutz, Warner and I a n n i n i (1971) 
constructed a p o r t a b l e oculometer w i t h a r e s o l u t i o n 
of 1° over some + 20° v e r t i c a l l y and h o r i z o n t a l l y . 
More r e c e n t l y Middleton, Hurt, Wise and Holt (1977) 
report an updated version f o r recording p i l o t ' s eye 
movements. Merchant (1977) has provided a recent 
summary of developments i n t h i s f i e l d . 

Some systems do not u t i l i s e the b r i g h t p u p i l 
technique, r e l y i n g instead on the conventional 

• i 
black p u p i l . Lambert, Monty and H a l l (1974) use 
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t h i s approach ( a l s o r e p o r t e d by Monty, 1975). I n 

t h i s system the S views s t i m u l i on a screen which 

i s surrounded by p o l a r i s e d l i g h t p anels. These 

p r o v i d e a background l i g h t l e v e l . A s m a l l s e c t i o n 

of t h i s p anel i s u n p o l a r i s e d and t h i s a c t s as the 

l i g h t source. A concealed t e l e v i s i o n camera 

records the movements o f the c o r n e a l r e f l e x o f 

t h i s source and one of the S's eyes w i t h i n 30 

cms o f space v i a feedback c o n t r o l l e d m i r r o r s . For 

a n a l y s i s purposes an o p e r a t o r f i r s t superimposes a 

c u r s o r on the p u p i l and t h i s i s then a u t o m a t i c a l l y 

t r a c k e d by a d i g i t a l computer u n t i l t h e eye i s l o s t 

(e.g. by b l i n k i n g ) when t h e p u p i l has t o be 

manually r e a l i g n e d w i t h the c u r s o r again. 

Sheena (1973) has developed an oculometer 

which also uses a b l a c k p u p i l . Here d e l i m i t e r s are 

f i r s t a p p l i e d by s o f t w a r e both t o the edges o f the 

c o r n e a l r e f l e c t i o n and the p u p i l i n the t e l e v i s i o n 

p i c t u r e , p r i o r t o e s t i m a t i n g the S's p o i n t o f r e g a r d . 

The use of o n - l i n e d i g i t a l a n a l y s i s p e r m i t s 

allowance f o r c a l i b r a t i o n and n o n - l i n e a r i t i e s can be 

accounted f o r by s u i t a b l e s o f t w a r e . The disadvantages 

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

needed f o r t h e purchase o f a commercial system. The 

b a s i c oculometer p r i n c i p l e i s q u i t e s i m p l e , however, 

and a system can be b u i l t on a s m a l l budget which 

p e r m i t s a s m a l l range o f head movements by u s i n g a 

s m a l l e r image o f the S's eye t o g e t h e r w i t h manual 
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analysis of the video-taped eye movement recording. 
Such a system has been described by Gale (1979) 
fo r use i n an i n d u s t r i a l i nspection s i t u a t i o n . 

Both types of p o i n t of regard systems can 
give p u p i l diameter as an output i n a d d i t i o n to 
eye movement i n f o r m a t i o n . This i s p a r t i c u l a r l y 
the case where automated a n a l y s i s , as i n the 
oculometer, i s u t i l i s e d . 

5.4.8. E l l i p t i c i t y of the P u p i l 
Point of regard techniques estimate the 

centre of the p u p i l as p a r t of the process of 
assessing f i x a t i o n p o s i t i o n . An inherent problem 

with t h i s i s t h a t w i t h eye r o t a t i o n away from the 
recording axis the p u p i l appears to become more 
e l l i p t i c a l i n shape. Viewed 'head-on' from the 
same axis i t appears c i r c u l a r . These techniques 
have to estimate the p u p i l centre by some 'goodness 
of f i t ' computational procedure. The p u p i l or 
limbus can by i t s e l f give a measure of eye 
r o t a t i o n by simply using the measure of the degree 
of apparent e l l i p t i c i t y (Young and Sheena, 1975b) . 
Bechnai and H a l l e t t (1977) have r e c e n t l y provided 
an algorithm t o accomplish t h i s . 

5.4.9. Double P u r k i n j e Image 
A l i g h t source gives r i s e to other r e f l e c t i o n s 

besides the corneal r e f l e c t i o n which i s the f i r s t 
P urkinje image. Three other r e f l e c t i o n s occur at 
the various i n t e r f a c e s w i t h i n the eye. The rear 
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s u r f a c e o f the cornea g i v e s r i s e t o a second dim 

image, w i t h the t h i r d and f o u r t h P u r k i n j e images 

being g i v e n by the f r o n t and r e a r s u r f a c e s o f the 

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

formed i n the same plane as the f i r s t image. The 

t h i r d image i s v i r t u a l and i s b o t h more d i f f u s e 

and formed i n a d i f f e r e n t plane t o the o t h e r s . The 

s e p a r a t i o n between the f i r s t and f o u r t h P u r k i n j e 

images a l t e r s f o r an eye r o t a t i o n but not f o r a 

t r a n s l a t i o n o f the eye and measurement o f t h i s 

s e p a r a t i o n has formed t he b a s i s o f an eye measurement 

technique (Cornsweet and Crane, 1967; Cornsweet and 

Crane, 1973). 

An i n f r a - r e d l i g h t source i s used t o c r e a t e the 

two P u r k i n j e images i n the plane o f t h e p u p i l o f 

the eye. S u i t a b l e c o l l e c t i o n o p t i c s r e c o r d these 

two images and e f f e c t i v e l y separates them so t h a t 

each image i s c e n t r e d on a separate f o u r - q u a d r a n t 

p h o t o c e l l . As the eye r o t a t e s t h e o u t p u t s from 

these p h o t o c e l l s are used t o c o n t r o l b o t h a 

movable m i r r o r ( w h i c h keeps the f i r s t P u r k i n j e image 

centred on one p h o t o c e l l ) and t o p o s i t i o n t h e 

o t h e r p h o t o c e l l so t h a t t h e f o u r t h P u r k i n j e image 

i s c e n t r e d on i t . Eye t r a n s l a t i o n causes an 

a p p r o p r i a t e movement o f the m i r r o r whereas eye 

r o t a t i o n r e s u l t s i n a movement o f the l a t t e r p h o t o c e l l . 

The o u t p u t o f t h i s p h o t o c e l l i s e s s e n t i a l l y used t o 

g i v e the eye p o s i t i o n i n f o r m a t i o n . 
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The system i s remote from the S and has an 

accuracy of about 1' over a range of 10-20° diameter, 

t h i s b e i n g e f f e c t i v e l y l i m i t e d by the diameter of 

the p u p i l . 

5.4.10- U l t r a s o u n d 

P i e z o - e l e c t r i c u l t r a s o u n d t r a n s d u c e r s mounted 

i n goggles have r e c e n t l y been employed (Haines, 1977) 

f o r measuring eye movements. Due t o the f a c t t h a t 

eye r o t a t i o n does not occur around a f i x e d p o i n t a 

change o f the sound r e f l e c t i v e contour of the eye 

takes place w i t h r o t a t i o n which can be d e t e c t e d by 

using u l t r a s o u n d . T h i s can be accomplished even 

through the e y e l i d s when the eyes are closed. 

U n f o r t u n a t e l y , t he t r a n s d u c e r s e f f e c t i v e l y occlude 

n e a r l y a l l v i s i o n , but are u s e f u l f o r r e c o r d i n g eye 

tremor w i t h eyes c l o s e d . No accuracy f i g u r e s are 

given f o r t h i s t e chnique a l t h o u g h l i n e a r i t y and 

s i g n a l t o noise r a t i o o f the response s i g n a l i s 

good. 

5.5. EVALUATION AND TECHNIQUE SELECTION 

The major requirement f o r a technique f o r the 

present purposes was t h a t i t would p e r m i t r e c o r d i n g 

of eye movements w h i l s t the S was v i e w i n g a s t i m u l u s 

t h a t subtended some 20 - 25° v i s u a l angle. T h i s had 

to be achieved so t h a t t h e S was unaware o f the f a c t 

t h a t h i s eye movements were b e i n g recorded ( c . f . Chapter 
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2 ) . The r e q u i r e d accuracy o f the device was 

approximately 1° v i s u a l angle as the i n t e r e s t was 

i n saccadic eye movements. 

The c o n t a c t lens technique i s the most 

ac c u r a t e , b u t i s o f l i m i t e d range and more 

a p p r o p r i a t e f o r t h e study o f m i n i a t u r e eye 

movements. Contact lenses are a l s o expensive, 

uncomfortable and p o t e n t i a l l y hazardous t o the S. 

The double P u r k i n j e image approach i s almost as 

accurate but r e q u i r e s a h i g h l e v e l o f i n c i d e n t 

l i g h t t o e l i c i t a r e c o r d a b l e f o u r t h P u r k i n j e image. 

I t i s a l s o l i m i t e d i n i t s f i e l d o f view, Young and 

Sheena (1975b) r e p o r t i n g + 15°, a l t h o u g h i t has 

the advantage o f b e i n g somewhat remote from the S. 

Limbus t e c h n i q u e s are the next most a c c u r a t e but 

r e q u i r e some form o f s p e c t a c l e s mounting and 

f a i r l y obvious s e t t i n g up f o r each S. Corneal 

r e f l e x methods and EOG r e c o r d i n g were r e j e c t e d f o r 

s i m i l a r reasons o f awareness t o the S, EOG a l s o not 

meeting the r e q u i r e d accuracy o f measurement. Some 

form o f p o i n t o f r e g a r d system thus seemed t o o f f e r 

the best advantages. The oculometer approach was 

very a t t r a c t i v e i n t h a t i t i s c o m p l e t e l y remote from 

the S but a t the time both the s o f t w a r e developments 

and apparatus r e q u i r e m e n t s were c o n s i d e r e d t o be t o o 

complex f o r the e x p e r i m e n t a l t a s k envisaged. 

The system s e l e c t e d was a p o i n t o f r e g a r d 

technique u s i n g m u l t i p l e l i g h t sources. T h i s would 



334 

p e r m i t r e c o r d i n g o f eye movements over the r e q u i r e d 

range w i t h an accuracy o f about 1°. Mackworth's 

wide angle camera (1968) method was i n t e r e s t i n g i n 

t h a t the S e s s e n t i a l l y s a t at a box v i e w i n g the 

s t i m u l u s w i t h the camera r e c o r d i n g the c o r n e a l 

r e f l e c t i o n o f the s t i m u l u s from the S's eye, v i a a 

h a l f s i l v e r e d m i r r o r . Thus the S c o u l d be unaware 

of the r e c o r d i n g camera. However, the accuracy 

of t h i s method i s low, Mackworth r e p o r t i n g 1.9°. 

A commercial i n s t r u m e n t based on t h i s t e chnique 

( P o l y m e t r i c Company) has a lower accuracy f i g u r e o f 

+ 2.5° (Young and Sheena, 1975b). The m u l t i p l e 

i n f r a - r e d l i g h t source technique (Cowey, 1963) was 

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

as i n Mackworth's approach, as the former reduces 

the S's awareness o f any r e c o r d i n g . 

Accuracy f i g u r e s f o r the m u l t i p l e l i g h t source 

approach are not u s u a l l y g i v e n as the t echnique i s 

t y p i c a l l y used w i t h newborn i n f a n t s . Where such 

data i s r e p o r t e d the f i g u r e s g i v e n are q u i t e g ross, 

Cowey (1963) employed a d u l t Ss f i x a t i n g p o i n t s 

separated by some 5°. Salapatek, H a i t h , Maurer and 

Kessen (1972) r e p o r t an average e r r o r o f + 4-5° 

again w i t h a d u l t Ss. The measurement e r r o r s o f the 

technique have been w e l l d e t a i l e d ( S l a t e r and 

F i n d l a y , 1972a, 1975b > B u l l i n g e r , 1 9 7 4 ) and so i t 

was decided t o adopt t h i s proposed h y b r i d method 

and then apply s u i t a b l e c o r r e c t i o n s t o t h e d a t a t o 
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improve accuracy. 

5.6. THE EYE MOVEMENT RECORDING METHOD 

5.6.1. I n t r o d u c t i o n 

Some p r e l i m i n a r y t r i a l s were conducted w i t h 

the apparatus developed f o r i n f a n t s by S l a t e r 

( 1974). These t r i a l s demonstrated t h a t , i n 

p r i n c i p l e , the m u l t i p l e l i g h t source t e c h n i q u e 

c o u l d be m o d i f i e d as suggested i n the p r e v i o u s 

s e c t i o n . As a r e s u l t t h e f o l l o w i n g apparatus was 

designed and c o n s t r u c t e d . 

The apparatus i s s c h e m a t i c a l l y shown i n 

Fig u r e 5.1 and c o n s i s t e d o f a l a r g e 'box' w i t h a 

movable r e a r p r o j e c t i o n screen a t one end and a 

face mask a t the o t h e r . A system o f t h r e e 

p r o j e c t o r s p r e s e n t e d e i t h e r s t i m u l u s s l i d e s o r an 

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

f i x a t i o n cross upon the screen, Ss s a t w i t h t h e i r 

heads r e s t i n g a g a i n s t t h e mask and viewed the 

screen t h r o u g h a l a r g e h a l f - s i l v e r e d m i r r o r by 

means o f which a vi d e o r e c o r d o f t h e i r eye movements 

c o u l d be o b t a i n e d u s i n g t h e camera i n the a d j o i n i n g 

l i g h t - p r o o f box. A l l i n t e r n a l and e x t e r n a l 

s u r f a c e s o f the two boxes were p a i n t e d matt b l a c k . 

The camera not o n l y recorded b o t h t h e c o r n e a l 

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

p l a c e d around the s t i m u l u s as w e l l as s u f f i c i e n t eye 
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d e t a i l t o enable t h e p u p i l boundary t o be 

determined, b ut a l s o the S's responses and the 

le n g t h o f time t h e s t i m u l u s was viewed. 

For the purpose o f e x p o s i t i o n the apparatus 

i s c o n s i d e r e d as f o u r i n t e r - r e l a t e d systems: 

p r o j e c t i o n , v i e w i n g , r e c o r d i n g and response 

systems. 

5.6.2. The P r o j e c t i o n System 

A system o f p r o j e c t o r s was devised so as t o 

e s s e n t i a l l y produce a p r o j e c t i o n t a c h i s t o s c o p e 

w i t h t h e s t i m u l i b e i n g shown on a r e a r p r o j e c t i o n 

screen. Three p r o j e c t o r s were used t o achieve 

t h i s . One served t o pr e s e n t t h e s t i m u l i , t h e 

second p r o d u c i n g an i n t e r - s t i m u l u s f i e l d o f 

matching luminance t o the s t i m u l i . The r e m a i n i n g 

p r o j e c t o r p r o v i d e d f o r the a d d i t i o n o f a f i x a t i o n 

cross t o the i n t e r - s t i m u l u s f i e l d . The p r o j e c t o r s 

were se t up so as t o be able t o p r o v i d e an 

automatic 5s i n t e r - s t i m u l u s i n t e r v a l w i t h the 

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

f i n a l second. S t i m u l i c o u l d be shown f o r any 

l e n g t h o f ti m e . The apparatus i s d e s c r i b e d and 

then i t s o p e r a t i o n d e t a i l e d . I t i s shown i n F i g u r e 5.2. 

Two matching a u t o m a t i c p r o j e c t o r s 

( Gnome Rotauto ) were mounted a t 90° t o one 

another w i t h one o f them d i r e c t l y f a c i n g t h e r e a r 

p r o j e c t i o n screen. T h i s l a t t e r p r o j e c t o r (P^) was 

used t o p r e s e n t 35mm s t i m u l u s s l i d e s . The o t h e r 
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F i g u n 5.2 Two photographs showing the arrangement o f the 
p r o j e c t i o n system. 
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(Pn) p r o j e c t e d a blank v i s u a l f i e l d o f s i m i l a r 

b r i g h t n e s s d u r i n g s t i m u l u s changes. Both 

p r o j e c t o r s were f i t t e d w i t h matching 0.1 n e u t r a l 

d e n s i t y f i l t e r s t o reduce lens f l a r e upon the 

rea r p r o j e c t i o n screen. 

P r o j e c t o r s e l e c t i o n was achieved by means o f 

an e l e c t r o - m e c h a n i c a l s h u t t e r i n f r o n t o f P^ and 

the r e f l e c t e d beam of P 2 from a f l a t f r o n t 

s u r f a c e d m i r r o r . The p r o j e c t o r s were so arranged 

t h a t the o p t i c a l d i s t a n c e o f both t o the s h u t t e r 

was the same. The s h u t t e r c o n s i s t e d of a s o l e n o i d 

o p e r a t i n g a hinged aluminium quadrant. O p e r a t i o n 

of the s o l e n o i d caused the quadrant t o move 

l a t e r a l l y hence p e r m i t t i n g one or o t h e r p r o j e c t o r 

beams t o pass through an a p p r o x i m a t e l y r e c t a n g u l a r 

hole near i t s o u t e r edge. T h i s movement a l s o 

operated t h r e e m i c r o s w i t c h e s (MSI, MS2, MS3), a t 

the quadrant base. The speed of crossover o f t h i s 

hole between t h e l i g h t paths o f the two 

p r o j e c t o r s was such t h a t the change from P^ t o P^ 

appeared v i r t u a l l y i n s t a n t a n e o u s when viewed from 

the S's p o s i t i o n . Sprung rubber stops a t each end 

of the quadrants t r a v e l c o m p l e t e l y damped any 

r e s u l t i n g o s c i l l a t i o n o f the r e c t a n g u l a r hole 

across the l i g h t beams when the s o l e n o i d was 

operated. The whole s h u t t e r assembly was mounted 

on a p i e c e o f wood which was then a t t a c h e d t o the 

bench u s i n g foam rubber and G-clamps. Th i s 
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prevented any v i b r a t i o n from the s o l e n o i d b e i n g 

passed on t o the h a l f s i l v e r e d m i r r o r . 

A t h i r d p r o j e c t o r (P3, L e i t z - P r a d i x ) 

was mounted above and s l i g h t l y b e h i n d P.̂ . T h i s was 

used t o pres e n t a s m a l l f i x a t i o n cross superimposed 

upon the blank v i s u a l f i e l d o f P 2 such t h a t the 

cross was o f h i g h e r l i g h t i n t e n s i t y . T h i s was 

p r o v i d e d by a s l i d e c o n t a i n i n g t h i s cross w i t h the 

r e s t o f the s u r r o u n d i n g f i e l d b l a c k e d o u t . The f i x a t i o n 

c r o s s , as p r o j e c t e d , subtended a p p r o x i m a t e l y 1° 

v i s u a l angle o v e r a l l t o the S. 

This p r o j e c t o r , P^, was housed behind a 

s h i e l d t o e l i m i n a t e s t r a y l i g h t and was d i r e c t e d 

at the r e a r p r o j e c t i o n screen through a r o t a t i n g 

t i m i n g wheel which p e r m i t t e d the p r o j e c t i o n o f the 

f i x a t i o n cross f o r a known l e n g t h o f t i m e . By 

having the t i m i n g wheel d i r e c t l y i n f r o n t o f the 

lens o f Pg and by u t i l i s i n g o n l y a s m a l l c e n t r a l 

p o r t i o n o f the p r o j e c t o r beam, f a s t r i s e and f a l l 

t imes o f the p r o j e c t e d cross was ensured. The 

t i m i n g wheel c o n s i s t e d o f a l a r g e d i s c o f t h i c k 

c a r d , r e v o l v i n g once every 15s and d r i v e n by a 

Crouzet motor. The c a r d had t h r e e e q u a l l y spaced 

s e c t i o n s near i t s p e r i m e t e r removed. These 

s e c t i o n s r o t a t e d immediately i n f r o n t o f P^ t a k i n g 

I s each t o t r a v e r s e the p r o j e c t o r beam. Beside 

each s e c t i o n was a s m a l l p r o j e c t i n g s o l d e r t a g 

used t o momentarily t r i p a m i c r o s w i t c h (MS4) 
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mounted on the wheel support s t a n d . 

A sheet of f r o s t e d a c r y l i c ( I C I - F r o s t 900) 

was used as the r e a r p r o j e c t i o n screen w i t h a 

s u i t a b l e area marked o f f by masking tape as the 

s t i m u l u s p r e s e n t a t i o n area ( F i g u r e 5. 3), A l l 

s t i m u l u s s l i d e s were a l i g n e d t o the i n s i d e top and 

s i d e s o f t h i s masked area p r i o r t o an e x p e r i m e n t a l 

run. 

P r o j e c t i o n system o p e r a t i o n . F i g u r e 5.4 

r e p r e s e n t s a schematic diagram of the w i r i n g o f the 

p r o j e c t i o n system. I t shows the s o l e n o i d - o p e r a t e d 

s h u t t e r i n the ' o f f p o s i t i o n so t h a t the s t i m u l u s 

was seen by t h e S. O p e r a t i o n o f push b u t t o n 

t e m p o r a r i l y s w i t c h e d the s o l e n o i d on causing the 

s h u t t e r t o change over from the s t i m u l u s 

p r o j e c t o r , P^, t o p r o j e c t o r Pg. S h u t t e r movement 

closed a l l t h r e e m i c r o s w i t c h e s : MSI, MS2, and MS3. 

MS4 would a l r e a d y be on ( b e i n g s e t t o o n l y 

momentarily t r i p o f f ) thus the s o l e n o i d would be 

h e l d i n t h e on p o s i t i o n even when Ŝ  was r e l e a s e d . 

I f the t i m i n g wheel had been s w i t c h e d on (Sg) then 

through MS2 c l o s u r e t h i s would begin t o r e v o l v e . 

A f t e r 5s then MS4 would be momentarily t r i p p e d 

o f f by one o f the tags on the wheel thus s w i t c h i n g 

o f f t h e s o l e n o i d and a l s o t h r o u g h MS2, the t i m i n g 

wheel. The s u b j e c t once again would be p r e s e n t e d 

w i t h P^. T h i s arrangement enabled a 5s i n t e r -

s t i m u l u s i n t e r v a l t o be p r e s e n t e d . 
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Figure 5.3 The r e a r p r o j e c t i o n screen as seen from the 
orojectors. 
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Figure 5.3 The r e a r p r o j e c t i o n screen as seen from t h e 
orojectors. 
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Each o f the t h r e e 5 second segments o f the 

t i m i n g wheel c o n s i s t e d o f 2 s e c t i o n s : a s o l i d 

segment r e p r e s e n t i n g 4 seconds r o t a t i o n f o l l o w e d 

by a c u t - o u t s e c t o r t a k i n g one second t o t r a v e r s e 

the beam o f p r o j e c t o r P 3 When MS4 was t r i p p e d 

o f f , the r o t a t i n g wheel e f f e c t i v e l y c u t o f f 

a l s o . T h i s p e r m i t t e d the f i x a t i o n cross t o be 

presented by P^ f o r the l a s t second of the i n t e r -

s t i m u l u s i n t e r v a l . 

Changeover from P^ t o P 2 caused the t i m e r 

(Advance T i m e r ) , t h r o u g h MSI o p e r a t i o n , t o r e s e t 

t o zero. R e v e r t i n g t o P^ i n i t i a t e d the t i m i n g 

again. Great care was taken i n the s i t i n g o f MSI 

so t h a t the co u n t e r s t a r t e d at the i n s t a n t the 

p r o j e c t e d s t i m u l u s s t r u c k the r e a r p r o j e c t i o n 

screen. The t i m e r was p i c k e d up by the t e l e v i s i o n 

camera and p r o v i d e d a r e c o r d o f the s t i m u l u s 

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

Longer i n t e r - s t i m u l u s i n t e r v a l s c o u l d be 

o b t a i n e d by h a v i n g the t i m i n g wheel s w i t c h e d o f f -

i n t h i s case P 2 was viewed u n t i l t h e s o l e n o i d 

power supply was t u r n e d o f f v i a S 4» The s t i m u l u s 

p r o j e c t o r c o u l d be on f o r any l e n g t h o f t i m e u n t i l 

push b u t t o n s S 1 o r S 2 were operated. Push b u t t o n 

S 2 operated t h e system i n a s i m i l a r f a s h i o n t o Ŝ  

except t h a t i t a l s o produced a change of s t i m u l u s 

s l i d e d u r i n g t h e b l a n k f i e l d p r e s e n t a t i o n . 
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5.6.3. The Viewing System 

A rubber mask f i x e d t o the f r o n t of the box 

t o g e t h e r w i t h an a d j u s t a b l e c h i n r e s t mounted 

beneath i t on a s m a l l o p t i c a l bench served as a 

head r e s t r a i n t f o r the s u b j e c t . T h i s i s shown i n 

Figure 5.7 . The r e a r p r o j e c t i o n screen and i t s 

a s s o c i a t e d marker l i g h t s p anel were a t t a c h e d t o 

a movable metal frame and p o s i t i o n e d at the r e a r 

of the box. A v e r t i c a l r e c t a n g l e 30.5 cms x 

20.3 cms was c u t out of the aluminium sheet 

marker pa n e l . The c e n t r e o f t h i s r e c t a n g l e was 

a l i g n e d t o the c e n t r e of the face mask. The 

marker panel was mounted 3 cms i n f r o n t o f the 

p r o j e c t i o n screen. The marker panel and screen 

being p o s i t i o n e d so t h a t t h i s r e c t a n g l e subtended 

24° v e r t i c a l l y x 16° h o r i z o n t a l l y t o the p o s i t i o n 

of the S's r i g h t eye. The S b e i n g some 72 cms 

from the p a n e l . F i g u r e 5.5 shows t h i s arrangement. 

The area o f the r e a r p r o j e c t i o n screen v i s i b l e a t 

the v i e w i n g d i s t a n c e was 31.8 cms x 21 cms. T h i s 

area was o u t l i n e d by masking tape on i t s r e a r 

s u r f a c e f o r ease o f p r o j e c t o r a l i g n m e n t . 

5.6.4. The Recording System 

The r e c o r d i n g system encompassed the marker 

l i g h t s , the eye l i g h t s and the v i d e o equipment. 

The marker l i g h t s were f o u r l i g h t sources 

p o s i t i o n e d around the s t i m u l u s and which p r o v i d e d 

the c o r n e a l r e f l e c t i o n s from which the measurement 
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of f i x a t i o n p o s i t i o n was e v e n t u a l l y d e r i v e d . I n 

c o n t r a s t t o o t h e r systems (e . g . S l a t e r and Findlay,1975a; 

Salapatek and Kessen,1966; Haith,1969) which use 

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

the i n c i d e n t l i g h t on t he eye t o a band o f i n f r a 

red energy, the p r e s e n t system used s m a l l i n f r a 

red l i g h t e m i t t i n g diodes which have a very narrow 

s p e c t r a l bandwidth and so r e q u i r e no f u r t h e r 

f i l t e r i n g . T h i s , t o g e t h e r w i t h t h e i r low power 

output make these i d e a l sources from an eye s a f e t y 

p o i n t o f view (see l a t e r s e c t i o n ) . I t had been 

hoped t h a t the i l l u m i n a t i o n from t h e marker diodes 

would have been s u f f i c i e n t t o not o n l y p r o v i d e 

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

adequate c o n t r a s t at the eye t o enable r e g i s t r a t i o n 

of the p u p i l boundary. Th i s proved not t o be the 

case. The marker l i g h t s d i d p r o v i d e sharp c o r n e a l 

r e f l e c t i o n s , b ut the eye was o n l y d i m l y i l l u m i n a t e d . 

Two o f the same diodes were th u s mounted i n the 

r i g h t eye p i e c e o f t h e face mask t o i l l u m i n a t e t h e 

p u p i l , these l i g h t s b e i n g c a l l e d here t h e eye l i g h t s . 

The marker l i g h t s . Four Monsanto ME5A i n f r a 

red l i g h t e m i t t i n g diodes (LEDs) served as the 

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

from which the eye p o s i t i o n c o u l d be c a l c u l a t e d . 

These were c e n t r a l l y mounted i n f o u r 1.25 cms 

diameter h o l e s cut i n the marker panel a t 18.75 cms 

r a d i u s from t h e c e n t r e o f the c u t out r e c t a n g l e . 
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These holes were p o s i t i o n e d 60 v e r t i c a l l y e i t h e r 

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

r e c t a n g l e (see F i g u r e 5.6 ) . The f r o n t o f the 

LEDs were i n l i n e w i t h the f r o n t s u r f a c e o f the 

marker p a n e l . The f o u r LEDs subtended a r e c t a n g l e 

26° x 15° h o r i z o n t a l l y t o the S's p o s i t i o n . Copper 

s t r i p s a t t a c h e d the diodes t o the r e a r o f t h i s p a n e l 

at a p o i n t f u r t h e r o ut along t h e r a d i i such t h a t t h e 

diodes c o u l d be angled i n towards t h e c e n t r e o f the 

vi e w i n g mask. Both these copper s t r i p s and t h e 

aluminium sheet o f the marker l i g h t s p a n e l a c t e d 

as heat s i n k s . A l l f o u r diodes were run at 15V 

from a power supply (Radford LAB59R l a b p a c k ) t h r o u g h 

f o u r wire-wound r e s i s t o r s (100 A ) . The r e s i s t o r s 

were a t t a c h e d i n p a r a l l e l t o a bus bar and mounted 

h o r i z o n t a l l y t o p e r m i t maximum heat d i s s i p a t i o n . 

The eye l i g h t s . I n o r d e r t o enhance t h e 

c o n t r a s t between t h e p u p i l and i r i s boundary two 

ME5A LEDs were mounted i n the r i g h t eye p i e c e o f the 

rubber mask. Both LEDs were mounted on copper 

s t r i p s a t t a c h e d t o bronze p o s i t i o n i n g bars which a l s o 

acted as heat s i n k s . One o f the diodes was 

suspended from the t o p c e n t r e o f the mask and the 

ot h e r was mounted on the o p t i c a l bench (see F i g u r e 

5.7 ) . A l l metal p a r t s w i t h i n the mask were 

p a i n t e d matt b l a c k . These eye l i g h t s were run a t 

6V th r o u g h s e r i e s wire-wound r e s i s t o r s (10 A ) , 
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Figure 5.7 The mask and c h i n r e s t . The 2 eye l i g h t s and 
v a r i o u s response b u t t o n s are a l s o shown. 

0 5 2 'J turn i n '' M i 

Figure 5.8 The response l i g h t s and t i m e r . 
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Using an exp e r i e n c e d s u b j e c t the LEDs were 

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

of the r i g h t eye as the S was f i x a t i n g a 

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

were then angled i n towards the eye so t h a t good 

c o n t r a s t between t h e p u p i l and i r i s was o b t a i n e d 

on the t e l e v i s i o n m o n i t o r . 

I n f r a - r e d r a d i a t i o n hazard. The use o f i n f r a 

red l i g h t poses a p o s s i b l e eye r a d i a t i o n hazard 

which must be co n s i d e r e d i n c o n s t r u c t i n g any eye 

movement m o n i t o r i n g device which u t i l i s e s i t . 

Designers o f oculometers are p a r t i c u l a r l y aware o f 

t h i s a l t h o u g h i t i s a f a c t o r which i s o f t e n not 

considered i n o t h e r systems. Craske and S m i t h 

(1975 ) g i v e a r a r e mention o f t h i s hazard f o r t h e i r 

limbus t e c h n i q u e . 

The p o s s i b l e i n f r a - r e d hazards are: the 

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

the cornea and l e n t i c u l a r changes. I n c i d e n t energy 

on the eye i s i n c r e a s i n g l y absorbed by the o c u l a r 

media as the wavelength o f t h a t energy i n c r e a s e s 

i n the near i n f r a - r e d range of 780-1400 mm. 

Between 1400-1900 mm the i n c i d e n t energy i s ma i n l y 

absorbed by the cornea and aqueous, beyond 1900 mm 

the cornea i s the s o l e absorber. Damage t o the eye 

i s caused by t h e a b s o r p t i o n o f t h i s energy which 

can a l s o be conveyed t o o t h e r eye t i s s u e s , as w e l l 

as t h e absorbent ones, and causes temperature 
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increases i n these t i s s u e s . P r o t e c t i o n a g a i n s t 

p o s s i b l e damaging h i g h energy doses i s commonly 

pr o v i d e d by the b l i n k r e f l e x ( S l i n e y and 

F r e a s i e r , 1973). 

The i n f r a - r e d c o r n e a l dose r a t e due t o 
-3 -2 

d a y l i g h t i s ap p r o x i m a t e l y 10 W.cm , thus a 
-2 -2 

safe c h r o n i c o c u l a r exposure value o f 10 W.cm 
f o r near i n f r a - r e d has been advised w i t h a l o n g 

-2 
term c h r o n i c value o f 10 mW. cm and s h o r t 

_ 2 

( s e v e r a l minutes) exposure o f lOOmW.cm ( S l i n e y 

and F r e a s i e r , 1973). On the assumption o f 40% 

t r a n s m i s s i o n o f i n c i d e n t energy by the p r e - r e t i n a l 

o c u l a r media, C l a r k (1967, 1968) has a r r i v e d a t a 
_2 

f i g u r e o f 125mW.cm f o r the i n t e n s i t y a t t he 

r e t i n a l i k e l y t o cause permanent impairment o f 

r e t i n a l f u n c t i o n i n l o n g doses. 

The i n f r a - r e d LEDs used had a peak emission 

wavelength o f 900 nm and a s p e c t r a l l i n e h a l f -

w i d t h o f 40nm. The o c u l a r i r r a d i a n c e was measured 

w i t h a U n i t e d D e t e c t o r Technology 40x Opto-meter 

f i t t e d w i t h a r a d i o m e t r i c f i l t e r which g i v e s a 

l i n e a r response from 450nm t o 950nm. The values 

o b t a i n e d f o r each marker l i g h t a t the S's v i e w i n g 
d i s t a n c e w i t h the i n t e r p o s e d h a l f s i l v e r e d m i r r o r 

-2 
was 5uW.cm . S i m i l a r l y the value f o r each 

-2 
e y e l i g h t was 118 uW. cm . A t o t a l c o r n e a l 

-2 
i r r a d i a n c e f i g u r e o f some 256 uW. cm was, t h e r e f o 

used and t h i s i s some 2,6% o f the safe o c u l a r 
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c h r o n i c value g i v e n by S l i n e y and F r e a s i e r and was 

thus judged u n l i k e l y t o cause any h a r m f u l e f f e c t s . 

The c r i t e r i o n adopted i n s e t t i n g up the 

supply v o l t a g e s f o r t h e LED's was t h a t o f 

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

o c u l a r i r r a d i a t i o n . 

The v i d e o r e c o r d i n g system. The t e l e v i s i o n 

camera ( L i n k 106) was f i t t e d w i t h a 2.5 cms s i l i c o n 

diode tube (R.C.A. 4532/AMR) which had a h i g h 

s e n s i t i v i t y i n the near i n f r a - r e d r e g i o n . 

An e n l a r g e d image of the eye was a t t a i n e d by 

using a Dallmeyer t e l e p h o t o l e n s (150mm, F3.5) 

f i t t e d t o the camera w i t h t h r e e e x t e n s i o n r i n g s . 

A combination o f bi-convex (L-^) and bi-concave 

(L«)lenses e f f e c t i v e l y produced a t e l e s c o p e i n f r o n t 

o f the camera assembly. A l a r g e h a l f - s i l v e r e d 

m i r r o r (20.0.x 14.5 cms), c o m p l e t e l y c o v e r i n g 

the S's b i n o c u l a r view o f the s t i m u l u s , p e r m i t t e d 

a d i r e c t camera view o f the S's r i g h t eye w i t h o u t 

d i s t u r b i n g h i s view o f the r e a r p r o j e c t i o n screen 

and w i t h o u t t h e S's awareness o f the camera. A 

f r o n t s i l v e r e d m i r r o r d i r e c t l y i n f r o n t o f t he 

camera p e r m i t t e d i t t o be mounted i n a s m a l l l i g h t 

p r o o f box adja c e n t t o the main one (as shown i n 

Figure 5.1 ). By a l t e r i n g t h e p o s i t i o n o f l e n s L1 

and r e f o c u s i n g u s i n g L^ a d i f f e r e n t s i z e d image o f 

the r i g h t eye c o u l d be o b t a i n e d w h i l s t a t the same 

time p r o v i d i n g a s h a l l o w depth o f f i e l d . T h i s 
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arrangement had two advantages. F i r s t a s u i t a b l e 

m o n i t o r image s i z e o f the eye c o u l d be s e l e c t e d 

f o r a n a l y s i s purposes and secondly t h e s h a l l o w 

depth of f i e l d , t o g e t h e r w i t h t h e goggles and 

ch i n r e s t combination, r e s t r i c t e d head movements t o 

about 1.3 cc. L a t e r a l head movements g r e a t e r than 

t h i s b e i ng p h y s i c a l l y p r e v e n t e d w h i l s t a l a r g e 

f o r e - a f t movement rendered the m o n i t o r image o f the 

eye unfocussed and consequently u n s c o r a b l e . Cowey 

(1963 ) has demonstrated t h a t l a t e r a l movements o f 

t h i s order do not a f f e c t the accuracy of the 

m u l t i p l e l i g h t source t e c h n i q u e s . 

A combination o f lenses L^ and a r e v e r s i n g 

p r i s m brought a reduced u p r i g h t image o f the t i m e r 

and response l i g h t s t o the same focus as the S's 

eye. Sharp f o c u s s i n g o f the eye and timer-response 

l i g h t s c o mbination was achieved by means bo t h o f 

the f o c u s s i n g r i n g on the camera and a l s o by 

s l i g h t l y a l t e r i n g the p o s i t i o n o f l e n s L^. S l i g h t 

adjustments t o the f i n a l focus o f the t i m e r and 

response l i g h t s c o u l d be made by a d j u s t i n g the 

p o s i t i o n o f l e n s L^ and a s s o c i a t e d p r i s m . 

L a t e r a l l o c a t i o n o f the t e l e v i s i o n image o f 

the eye i n the c e n t r e o f the m o n i t o r was accomplish' 

by s l i g h t a l t e r a t i o n t o the l a t e r a l p o s i t i o n o f 

the h a l f s i l v e r e d m i r r o r . V e r t i c a l l o c a t i o n o f the 

eye was achieved by a d j u s t i n g the h e i g h t o f the 

chi n r e s t . Both o f these o p e r a t i o n s were c a r r i e d 
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out w h i l s t an experienced S f i x a t e d a c e n t r a l l y 

presented f i x a t i o n spot. 

The camera was connected t o a vi d e o r e c o r d e r 

(Shibaden SV612E(K)time lapse r e c o r d e r ) and a 

t e l e v i s i o n m o n i t o r . The video r e c o r d e r enabled 

the r e p l a y i n g o f the recorded eye movements a t 

v a r i o u s d i f f e r e n t speeds t o g e t h e r w i t h the 

f a c i l i t y t o st o p the p i c t u r e t o examine any 

p a r t i c u l a r p a r t o f the data. 

5.6.5. The Response System 

I n o r d e r t o p r o v i d e an i n d i c a t i o n on the video 

r e c o r d o f a response made by the s u b j e c t some s m a l l 

red LEDs were mounted above t h e t i m e r as shown i n 

Figure 5.8 . By n o t i n g the p o s i t i o n o f the 

response l i g h t w i t h r e s p e c t t o the t i m e r numerals 

the a p p r o p r i a t e response c o u l d be recorded. 

Three types o f response b u t t o n s were 

a v a i l a b l e t o the s u b j e c t : 

1) Two hand-held push b u t t o n s . These 

were connected t o two of the 

response l i g h t s , 

2) An a r r a y o f push b u t t o n s w i t h each 

b u t t o n connected t o a d i f f e r e n t 

response l i g h t . 

3) Switch Sg c o u l d be used by the 

s u b j e c t as w e l l as by the experimenter 

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

and advance t o the next s l i d e . 
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The t i m e r was i n i t i a t e d by p r e s e n t a t i o n o f a 

st i m u l u s and a u t o m a t i c a l l y r e s e t t o zero a t the 

end of such p r e s e n t a t i o n . S t i m u l u s p r e s e n t a t i o n 

time was recorded i n u n i t s o f .01s. Due t o the 

N i x i e l i g h t s used i n the t i m e r and the response 

red LEDs the r e s u l t a n t t e l e v i s i o n p i c t u r e o f the 

S's r i g h t eye a l s o d i s p l a y e d the superimposed t i m e r 

numerals and the s m a l l w h i t e 'spots' caused by the 

response l i g h t s . Both t i m e r and response l i g h t s 

were mounted on a t a b l e o f a d j u s t a b l e h e i g h t so 

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

the m o n i t o r so as not t o o b s t r u c t the p i c t u r e o f 

the eye ( F i g u r e 5.9 ). 

5.7. OVERVIEW OF THE EYE MOVEMENT RECORDING METHOD 

The purpose o f the apparatus d e s c r i b e d i n the 

previ o u s s e c t i o n was t o produce an e n l a r g e d image 

of the S's r i g h t eye on the t e l e v i s i o n m o n i t o r as 

shown i n F i g u r e 5.9 . The c o r n e a l r e f l e c t i o n s 

o f the marker l i g h t s are shown here as are the 2 

e y e l i g h t s which enhance the c o n t r a s t between the 

p u p i l ana the i r i s . Sometimes an eyelash 

o b l i t e r a t e d the image o f one o f these marker 

l i g h t s . Also shown on the m o n i t o r i s one o f the 

response l i g h t s and the t i m e r numerals i n d i c a t i n g 

the S's response and the s t i m u l u s p r e s e n t a t i o n 

time r e s p e c t i v e l y . 



Subject response l i g h t 

Marker l i g h t c o r n e a l r e f l e c t i o n 

Eye l i g h t c o r n e a l r e f l e c t i o n 

P u p i l 

Timer d i s p l a y 

F i g u r e 5.9 The r e s u l t a n t p i c t u r e o f the s u b j e c t * s r i g h t 
eye on the t e l e v i s i o n m o n i t o r . 

Perspex sheet PA 

a l y s i s m a t r i x 

F i g u r e 5.10 Measuring 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 
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Figure 5.9 The r e s u l t a n t p i c t u r e o f t h e s u b j e c t ' s r i g h t 
eye on the t e l e v i s i o n m o n i t o r 

-

Figure 5.10 Measuring 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 . 
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The equipment p e r m i t t e d sharp f o c u s s i n g o f the 

corneal r e f l e c t i o n s t o g e t h e r w i t h the a b i l i t y t o 

a l t e r the s i z e o f the eye image on the m o n i t o r . 

The response l i g h t s and t i m e r c o u l d be p o s i t i o n e d 

anywhere on the m o n i t o r p i c t u r e . A l l t h i s c o u l d 

be achieved w i t h o u t the S's knowledge t h a t h i s eye 

movements were b e i n g recorded. 

Great care was taken i n s e t t i n g up the camera 

and m o n i t o r t o o b t a i n t h i s p i c t u r e . F i r s t a 

t e s t card was recorded on video tape and r e p l a y e d 

through the m o n i t o r t o check i t s l i n e a r i t y . Next, 

a t a r g e t s t i m u l u s c o n t a i n i n g a set o f very s m a l l 

c o n c e n t r i c c i r c l e s ( a p p r o x i m a t i n g d i f f e r e n t s i z e d 

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

mask so t h a t i t was p i c k e d up by the camera and 

d i s p l a y e d on the m o n i t o r . The image of the c i r c l e s 

on the m o n i t o r was checked f o r any n o n - l i n e a r i t y 

due t o the camera o r o p t i c s and t h i s was then 

c o r r e c t e d a p p r o p r i a t e l y . 

When an eye movement o c c u r r e d t h e r e l a t i o n s h i p 

between the f o u r c o r n e a l r e f l e c t i o n s o f the marker 

l i g h t s and the p u p i l - i r i s boundary a l t e r e d . I n the 

f o l l o w i n g s e c t i o n s the development o f techniques t o 

analyse t h i s t e l e v i s i o n p i c t u r e are d e s c r i b e d . 
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5.8. DATA ANALYSIS 

Eye movement s t u d i e s g i v e r i s e t o a mass of 

data. The best way o f coping w i t h t h i s i s by 

usin g some form o f computer a n a l y s i s . The 

development o f two techniques t o co n v e r t the raw 

t e l e v i s i o n p i c t u r e data i n t o a format s u i t a b l e 

f o r such a n a l y s i s i s d e s c r i b e d i n the next two 

s e c t i o n s . The f i r s t approach was developed from 

a p i l o t s t u d y . I n t h i s approach a technique f o r 

a s c e r t a i n i n g t h e S's f i x a t i o n l o c a t i o n from the 

monitor t o g e t h e r w i t h any response i s d e s c r i b e d 

and then the p r e p a r a t i o n o f t h i s data f o r i t s 

subsequent a n a l y s i s e l a b o r a t e d . The a l t e r n a t e 

method was l a t e r developed i n an attempt t o speed 

up the a n a l y s i s process. 

5.9. THE FIRST TECHNIQUE 

A p i l o t s t u d y was f i r s t c a r r i e d out i n which 

5 Ss each f i x a t e d known p o i n t s on t h r e e d i f f e r e n t 

c a l i b r a t i o n s l i d e s . W h i l s t f i x a t i n g each p o i n t 

they depressed a response b u t t o n . The v i d e o 

taped r e c o r d was r e p l a y e d i n slow motion and 

stopped whenever the a p p r o p r i a t e response l i g h t 

came on. Using a sheet o f c l e a r a c e t a t e t h e p u p i l 

o u t l i n e and marker l i g h t p o s i t i o n s were t r a c e d 

from the screen o f the m o n i t o r . Subsequent 

a n a l y s i s o f these a c e t a t e sheets i n d i c a t e d the 
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p o s s i b l e use o f f i r s t matching a g r i d p a t t e r n t o 

the c o r n e a l r e f l e c t i o n s o f the marker l i g h t s and 

then, by f i t t i n g a c i r c l e t o the p u p i l , the 

r e s u l t a n t p o s i t i o n o f the p u p i l c e n t r e i n terms 

of a g r i d r e f e r e n c e c o u l d be i n f e r r e d . 

The p i l o t study gave an idea o f the range 

of p u p i l s i z e s and v a r i a t i o n s encountered as 

seen on t h i s s i z e o f m o n i t o r t o g e t h e r w i t h the 

range o f p o s s i b l e g r i d s i z e s r e q u i r e d . The 

f o l l o w i n g method o f a n a l y s i s was f i n a l l y decided 

upon. 

A l a r g e perspex sheet (PA) was f i x e d 

v e r t i c a l l y over the screen o f the t e l e v i s i o n 

monitor t o p r o v i d e a f l a t w o r k i n g s u r f a c e . A 

combination of t h r e e i n t e r - r e l a t e d sheets o f 

perspex were then u t i l i s e d t o f i n d the p u p i l 

c e ntre i n terms o f i t s r e l a t i o n s h i p t o the 

p o s i t i o n s o f the c o r n e a l r e f l e c t i o n s produced by 

the marker l i g h t s . T h i s arrangement i s shown i n 

Figure 5.10 

A c l e a r perspex sheet (PB), 26.5. x 28.0 cms 

square had a s e r i e s of 11 c o n c e n t r i c c i r c l e s 

deeply i n s c r i b e d i n t o both f r o n t and back s u r f a c e s 

from the same c e n t r a l p o s i t i o n . The r a d i i of these 

v a r i e d from 2.5 cms t o 8.5 cms w i t h 6 mm constant 

d i f f e r e n c e between them. A 1 mm diameter h o l e was 

d r i l l e d through the sheet at the c e n t r e o f these 

c i r c l e s and a l i g h t orange paper d i s c was mounted 

at i t $ r e a r s u r f a c e t o a i d i t s p e r c e p t i o n . Each 
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c i r c l e was c o l o u r e d d i f f e r e n t l y i n b r i g h t i n d e l i b l e 

ink u s i n g the same c o l o u r on each s u r f a c e o f the same 

ra d i u s e d c i r c l e . Mounted on t h i s sheet was a 

second r e c t a n g l e o f perspex (PC) which c o u l d be 

moved and h e l d i n a f i x e d p o s i t i o n over the 

surface o f PB by means o f a t h i r d p i e c e o f perspex 

(PD) and v a r i o u s l o c k i n g screws (see Figure 5.11). 

This combination moved smoothly over the v e r t i c a l 

s u r f a c e of PA w i t h s m a l l p i e c e s o f f e l t 

p r e v e n t i n g s c r a t c h i n g of the perspex s u r f a c e s . 

This whole assembly o f PB, PC and PD was suspended 

from the top o f the m o n i t o r by an Anglepoise Lamp 

base which had been a l t e r e d (removal o f lamp head 

and e l o n g a t i o n o f s p r i n g s ) t o p r o v i d e a sprung 

counterbalance. 

5.9.1. P u p i l Centre E s t i m a t i o n 

A r e a d i n g was taken from the m o n i t o r i n the 

f o l l o w i n g manner. The s e r i e s o f c o n c e n t r i c c i r c l e s 

were f i t t e d t o the p u p i l - i r i s border by a no-

p a r a l l a x manner u s i n g the dual c o n c e n t r i c 

arrangement. The d i f f e r e n t c o l o u r e d c i r c l e s 

s i m p l i f i e d t h i s t a s k and ensured no erroneous 

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

The image o f the p u p i l on the m o n i t o r became 

i n c r e a s i n g l y e l l i p t i c a l when viewed o t h e r than 

along the o p t i c a x i s of the eye. When the 

r e c o r d i n g a x i s o f the camera c o i n c i d e d w i t h the 

o p t i c a x i s o f the eye then the p u p i l appeared 

c i r c u l a r . As the e l l i p t i c appearance o f the p u p i l 
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\ 

Locking Screws 

Sheet PB w i t h t h e 
c i r c u m s c r i b e d 
c i r c l e s 

Sheet PC ( t h e 
a n a l y s i s m a t r i x ) 

Sheet PD 

The arrows show the range o f movements. PC moved 
v e r t i c a l l y on sheet PD. PD moved h o r i z o n t a l l y on PB. 

Figure 5.11 The arrangement o f the perspex sheets. 

V W X 

The arrows 
i n d i c a t e the 
p o s i t i o n o f 
ho l e s t h a t 
corresponded 
w i t h t h e 
4 marker l i g h t s ' 
c o r n e a l 
r e f l e c t i o n s . 

Figure 5.12 The a n a l y s i s m a t r i x . 
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became exaggerated owing t o the d i f f e r e n c e between 

the o p t i c a x i s and t h e v i e w i n g a x i s so the 

a p p r o p r i a t e p u p i l c i r c l e was decided by the best 

f i t t o t h a t p a r t o f the p u p i l nearest the c e n t r e o f 

the m o n i t o r . The s i z e o f s t i m u l u s used ensured 

t h a t t h i s d i f f e r e n c e between the two axes was not 

too g r e a t so t h a t the p u p i l seldom appeared very 

e l l i p t i c a l . 

The d i f f e r e n t s i z e d c i r c l e s accounted f o r 

changes i n the p u p i l s i z e due b o t h t o a c t u a l p u p i l 

s i z e changes and a l s o t o any s l i g h t a l t e r a t i o n i n 

m a g n i f i c a t i o n between s u b j e c t s caused by u s i n g 

lens L 2 f o r f o c u s s i n g . Thus, the c e n t r e o f the 

c i r c l e s e f f e c t i v e l y gave the p u p i l c e n t r e . 

5.9.2. The Corneal R e f l e c t i o n s 

The second perspex r e c t a n g l e , PC, was i n f a c t 

one o f e i g h t s i m i l a r l y s i z e d sheets each 9 x 12 cms 

o v e r a l l s i z e . Each o f these had a p o s i t i v e 

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

a t t a c h e d t o i t s s u r f a c e . These e i g h t m a t r i c e s were 

each a s l i g h t l y d i f f e r e n t m a g n i f i c a t i o n o f the same 

n e g a t i v e , thus a l l o w i n g f o r d i f f e r e n t image s i z e s 

o f the c o r n e a l r e f l e c t i o n s o f the marker l i g h t s . 

The m a t r i x i s shown i n F i g u r e 5.12 . Four s m a l l 

holes 1 mm i n diameter were d r i l l e d t hrough the 

m a t r i x a t the p o i n t s i n d i c a t e d i n the diagram. 

These p o i n t s r e p r e s e n t e d the p o s i t i o n s o f the 

marker l i g h t c o r n e a l r e f l e c t i o n s on the m a t r i x . 
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W i t h i n the area bound by these f o u r holes the 

m a t r i x was d i v i d e d i n t o 15 ( h o r i z o n t a l l y ) x 26 

( v e r t i c a l l y ) squares. The m a t r i x extended 

o u t s i d e t h i s area t o a l l o w f o r p e r i p h e r a l 

f i x a t i o n s . O v e r a l l m a t r i x s i z e was 24 ( h o r i z o n t a l l y ) 

x 36 ( v e r t i c a l l y ) squares w i t h each square 

approximately s u b t e n d i n g 1° at the S's eye. 

Each m a t r i x square was i d e n t i f i e d by unique 

x and y c o - o r d i n a t e s . The h o r i z o n t a l c o - o r d i n a t e 

range was A-X and the v e r t i c a l range was 1-5, A-Z, 

6-7. P o s i t i o n s 5 and 6 are not marked on the 

m a t r i x as they would o b l i t e r a t e the h o r i z o n t a l 

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

the v e r t i c a l a x i s was used so t h a t a f o u r f i g u r e 

alphanumeric c o - o r d i n a t e r e a d i n g s p e c i f i e d any 

p a r t i c u l a r p o i n t . Each square was c o n s i d e r e d as 

d i v i s i b l e i n t o 10 u n i t s , e.g. a p o i n t l y i n g 

h o r i z o n t a l l y between G and H on the m a t r i x c o u l d 

have i t s p o s i t i o n read as GO, G l , G2....H0. The 

c o - o r d i n a t e l a b e l s on the m a t r i x r e f e r t o the 

d o t t e d l i n e s , the s o l i d l i n e s r e p r e s e n t the 

c e n t r a l p o s i t i o n between adj a c e n t l a b e l s . Thus, 

the m a t r i x c e n t r e marked 'X' i n F i g u r e 5.12 i s 

given as MO h o r i z o n t a l l y and M5 v e r t i c a l l y . 

The choice o f s u i t a b l e m a t r i x s i z e was 

accomplished by s t o p p i n g the v i d e o tape at a 

s u i t a b l e p o i n t , b e f o r e a s t i m u l u s p r e s e n t a t i o n , when 

the S was known t o be f i x a t i n g a c e n t r a l p o i n t . 
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At t h i s stage a s m a l l p i e c e of perspex was 

o f f e r e d up t o the v e r t i c a l perspex s u r f a c e (PA). 

This s m a l l p i e c e o f perspex c o n t a i n e d a s e r i e s o f 

p a i r s o f s m a l l holes r e p r e s e n t i n g the h o r i z o n t a l 

d i s t a n c e between the marker l i g h t holes f o r each 

of the e i g h t g r i d s i z e s . T h i s range was from 

3.2 cms t o 4.6. cms w i t h 2 mm co n s t a n t d i f f e r e n c e 

between each a d j a c e n t m a t r i x i n the s e r i e s . The 

a p p r o p r i a t e g r i d was chosen by d e c i d i n g which o f 

these p a i r o f holes best matched the h o r i z o n t a l 

d i s t a n c e between the image of the marker l i g h t s 

on the m o n i t o r . 

Once the a p p r o p r i a t e g r i d s i z e had been 

determined i n t h i s manner then t h a t p a r t i c u l a r 

g r i d was mounted up as sheet PC. This g r i d was 

then used f o r a l l measurements i n the f o l l o w i n g 

s t i m u l u s p r e s e n t a t i o n . Before the next s t i m u l u s 

p r e s e n t a t i o n t h e a p p r o p r i a t e g r i d s i z e was again 

checked and so on. U s u a l l y , once a g r i d had been 

chosen, i t was found a p p r o p r i a t e f o r the a n a l y s i s 

of the whole o f t h a t p a r t i c u l a r S's data. I n 

p r a c t i c e , t h e v a s t m a j o r i t y of the data analysed 

i n t h i s manner u t i l i s e d o n l y 2-4 o f the s m a l l e r 

s i z e d g r i d s . 

5.9.3. Measurement of F i x a t i o n L o c a t i o n 

To take a p a r t i c u l a r r e a d i n g the whole 

perspex assembly was moved over the stopped 

t e l e v i s i o n p i c t u r e and the p u p i l c e n t r e found i n 
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the manner d e s c r i b e d above. Then,keeping the 

p o s i t i o n o f PB c o n s t a n t , PC was moved u n t i l t h e 

f o u r holes were c e n t r a l l y p o s i t i o n e d over the 

images of t h e f o u r marker l i g h t r e f l e c t i o n s . 

This was achieved by a n o - p a r a l l a x f i t o f each 

hole t o the c o r n e a l r e f l e c t i o n o f the marker 

l i g h t . The p o s i t i o n o f PB was then checked t o 

ensure t h a t i t had not moved. The a p p r o p r i a t e 

g r i d r e a d i n g was then read by n o t i n g the p o s i t i o n 

on the m a t r i x o f the c e n t r e o f t h e hole 

r e p r e s e n t i n g t h e p u p i l c e n t r e . The orange d i s c 

behind t h i s h o l e enhanced the ease o f such 

readings a g a i n s t the t e l e v i s i o n screen f l u o r e s c e n c e . 

The more p e r i p h e r a l a f i x a t i o n became the 

more d i s t o r t e d were the marked l i g h t r e f l e c t i o n s 

on the eye. T h i s took t h e form o f a d i s t o r t i o n o f 

r e c t a n g u l a r i t y o f the f o u r l i g h t s as w e l l as 

d i s t o r t i o n o f a l i g h t spot i n t o a spot and a 

' t a i l ' . These problems were overcome by making 

the i n i t i a l g r i d match t o t h a t marker l i g h t ( o r 

l i g h t s ) n e a r e s t the marked p u p i l c e n t r e as t h i s 

would then have undergone the l e a s t d i s t o r t i o n . 

The remaining marker l i g h t s were then matched. 

The o t h e r problem o f e l o n g a t e d images o f marker 

l i g h t s ( ' t a i l s ' ) was caused e i t h e r by the image 

being formed on the n o n - l i n e a r s u r f a c e o f the cornea 

(which approximates a s p h e r i c a l s e c t i o n over i t s 

c e n t r a l 25°) o r from a d d i t i o n a l r e f l e c t i o n s caused 
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by the t e a r f i l m . I n such cases the matching was 

made t o the b r i g h t e s t p o i n t o f the image o f t h a t 

c orneal r e f l e c t i o n on t he m o n i t o r . 

I n g e n e r a l t h e ti m e taken t o make a r e a d i n g 

once t h e video tape had been stopped was o n l y a 

few seconds. O c c a s i o n a l l y not a l l f o u r marker 

l i g h t s would be p r e s e n t , e.g. the o b s c u r i n g o f a 

marker l i g h t r e f l e c t i o n by an eyelash o c c a s i o n a l l y 

occurred 

5.9.4. Data Recording 

From t h e p r e v i o u s d i s c u s s i o n o f saccadic eye 

movements the maximum number expected t o occur per 

second would be about 4. An a n a l y s i s r a t e o f .2s was 

chosen as i t seemed reasonable t o expect i t t o 

p i c k up each f i x a t i o n w i t h o u t t e d i o u s l y a n a l y s i n g 

too many vi d e o frames. Other workers have used 

s i m i l a r r a t e s . Whiteside (1974) u s i n g video 

r e c o r d i n g analysed a frame every 0.25s. With f i l m 

r e c o r d i n g Mackworth and Mackworth (1958) u t i l i s e d 

a r e a d i n g every ,17s, Mackworth and Thomas(lb'tis) usee 

a r a t e o f every 0.13s whereas Mackworth and O t t o 

(1970) analysed a frame every 0.2s. 

The a c t u a l method o f s c o r i n g a p a r t i c u l a r 

t e l e v i s i o n frame has been o u t l i n e d e a r l i e r . The 

video r e c o r d e r was s e t up t o p l a y back a t a slow 

speed and a t every t e n t h frame i t was stopped and 

a r e a d i n g taken. I n a d d i t i o n t o r e c o r d i n g the 

c o - o r d i n a t e s o f the p u p i l c e n t r e the f o l l o w i n g 
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i n f o r m a t i o n , where appropriate,was a l s o noted. 

The number o f t e l e v i s i o n frames were counted 

since t h e p r e v i o u s r e a d i n g . T h i s f i g u r e was 

u s u a l l y 10 frames. T h i s was recorded and 

considered i n i t i a l l y as t he f i x a t i o n time o f the 

prev i o u s recorded f i x a t i o n p o s i t i o n . The f i x a t i o n 

times are i n e v i t a b l y a m u l t i p l e o f the t e l e v i s i o n 

frame r a t e - Due t o the sampling procedure used a 

preponderance of f i x a t i o n times o f .2s ensued. 

This sampling r a t e became a l t e r e d due t o v a r i o u s 

occurrences:-

a) B l i n k s . 

b) I n a b i l i t y t o score the t e n t h frame, 

e.g. due t o an ongoing saccade 

which would produce a very b l u r r e d 

image. 

c) Where the S was making a response. 

A r e a d i n g was taken t h e i n s t a n t the 

image o f the response l i g h t was noted 

on t h e m o n i t o r . A l t e r n a t i v e l y i f the 

S had been i n d i c a t i n g a response then 

a r e a d i n g was taken when the 

b r i g h t n e s s o f the image o f the 

response l i g h t began t o fade, 

i n d i c a t i n g c e s s a t i o n o f t h a t response. 

I n these cases a f t e r the a p p r o p r i a t e r e a d i n g 

had been taken t h e sampling r e v e r t e d back t o the 

o r i g i n a l r a t e o f a n a l y s i s . 
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B l i n k s were recorded i n the f o l l o w i n g manner. 

The onset o f a b l i n k was g e n e r a l l y q u i t e easy t o 

de t e c t as the v i d e o tape was b e i n g r e p l a y e d a t a 

slow a n a l y s i s speed. I t appeared on the screen 

as a sudden i n c r e a s e i n c o n t r a s t at the top o f 

the p i c t u r e caused by the r e f l e c t i o n o f the i n f r a 

red l i g h t by the descending upper l i d . As soon 

as t h i s was noted the video tape was stopped and 

a r e a d i n g taken. The r e c o r d e r was then r e s t a r t e d 

and as soon as the e y e l i d had again r e v e a l e d an 

eye capable o f measurement ( u s u a l l y when the 

upper l i d was s t i l l j u s t p r e s e n t on the screen) 

the next r e a d i n g was taken. The time lapse 

between the two readings was taken as the ti m e t o 

make a b l i n k . 

I n the experiment d e s c r i b e d i n the next 

chapter each time a r e a d i n g was taken t h e S's 

response s t a t e was noted. S i x p o s s i b l e response 

s t a t e s were c h a r a c t e r i s e d : -

a) NO - t h i s r e f e r s t o the I s p e r i o d 

o f time b e f o r e a s t i m u l u s had 

been pr e s e n t e d , when a p r e -

s t i m u l u s f i x a t i o n spot was 

p r e s e n t . 

b) ST - r e f e r s t o the f i r s t r e a d i n g 

taken when the s t i m u l u s had 

been p r e s e n t e d . T h i s r e a d i n g 

was always taken at the i n s t a n t 

the counter was seen t o i n i t i a t e 

t i m i n g . 
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c) YW when the S depressed the 

r i g h t hand-held response b u t t o n so 

i n d i c a t i n g 'young woman' 

p e r c e p t i o n o f the ambiguous f i g u r e . 

T h i s was taken when the a p p r o p r i a t e 

response l i g h t was pr e s e n t on 

the m o n i t o r . A l l such r e a d i n g s 

were recorded i n t h i s way. 

d) OW - when the s u b j e c t pressed t h e 

l e f t hand-held response b u t t o n . 

T h i s i n d i c a t e d the p e r c e i v e d 

aspect o f the o l d woman i n 

the ambiguous s t i m u l i . 

e) NR - a p e r i o d o f ti m e when t he 

s t i m u l u s was p r e s e n t b u t 

d u r i n g which t h e s u b j e c t made 

no response, i . e . no response 

l i g h t s were v i s i b l e on the 

m o n i t o r . 

I n a t y p i c a l a n a l y s i s o f an e x p e r i m e n t a l run 

the f o l l o w i n g procedure would be used. F i r s t the 

i n s t a n t t h e t i m e r s t a r t e d c o u n t i n g , i n d i c a t i n g the 

beginn i n g o f the s t i m u l u s p r e s e n t a t i o n , was 

approximately l o c a t e d on the v i d e o r e c o r d e r tape 

counter. A f t e r r e w i n d i n g the tape a s m a l l 

d i s t a n c e i t was then r e p l a y e d at a slower r a t e 

u n t i l a s h o r t time b e f o r e t h i s . The v i d e o tape was then 
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played at a very slow r a t e u n t i l the t i m e r was 

seen t o s t a r t c o u n t i n g when the r e c o r d e r was 

switched t o 'pause' and the tape rewound t e n frames 

by hand. 

At t h i s stage i t was assumed t h a t the S was 

f i x a t i n g a c e n t r a l f i x a t i o n c r o s s . The 

a p p r o p r i a t e g r i d s i z e was chosen and then a r e a d i n g 

taken as d e s c r i b e d e a r l i e r . T h i s r e a d i n g was 

recorded as a NO s t a t e . The video tape was then 

run on u n t i l t h e t i m e r was seen t o change i t s ,01s 

f i g u r e . Immediately a r e a d i n g was taken and the 

s t a t e r e c orded as ST. 

The recorded NO s t a t e served mainly t o 

i n d i c a t e on the p l o t t e d o u t p u t where the S was 

f i x a t i n g b e f o r e the s t i m u l u s was presented. The 

r e s t of the e x p e r i m e n t a l run was then analysed 

r e c o r d i n g any responses o r t h e i r absence (NR s t a t e ) 

and any b l i n k s . 

Using a f l e x o w r i t e r a paper tape of t h i s d a t a 

was then manually prepared f o r subsequent computer 

a n a l y s i s . T h i s tape c o n t a i n e d the f o l l o w i n g 

i n f o r m a t i o n : -

1) The date o f the experiment. 

2) The experiment number, 

3) S u b j e c t code. 

4) S t i m u l u s code. 

5) A v a l u e f o r a f l a g t o i n d i c a t e whether 

the data was f o r c a l i b r a t i o n or an 
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e x p e r i m e n t a l run. 

For e x p e r i m e n t a l data the t o t a l number of i n p u t s was 

then e n t e r e d f o l l o w e d by a l i s t i n g o f t he a c t u a l 

i n p u t c o - o r d i n a t e s , as read from the g r i d . Also 

noted were t h e number o f frames between t h i s and 

the f o l l o w i n g i n p u t and whether t h e r e was a b l i n k 

or not immediately f o l l o w i n g t h i s r e a d i n g . For 

c a l i b r a t i o n data o n l y the f i x a t i o n l o c a t i o n and 

the c o r r e s p o n d i n g number o f the f i x a t e d p o i n t on 

the c a l i b r a t i o n s l i d e were noted. 

TV 

5.10. ALTERNATE METHOD OF ANALYSIS 

Although the ti m e t o take each r e a d i n g i n the 

p r e v i o u s method was o n l y a few seconds t h i s s h o r t 

p e r i o d accumulated so t h a t t o analyse 10s of video 

r e c o r d i n g took some 40-50 minutes. On t o p o f t h i s 

the data then had t o be transposed onto paper tape 

t o be f e d i n t o the computer f o r a n a l y s i s . 

I n an attempt t o speed up t h i s process t h e 

f o l l o w i n g method was devised. I t s advantages over 

the p r e v i o u s one are t h a t i t o b v i a t e s the n e c e s s i t y 

of u s i n g the perspex assembly as w e l l as not 

needing t o t r a n s l a t e the alphanumeric code from 

the t e l e v i s i o n r e c o r d i n g onto paper tape and thence 

v i a subsequent computer a n a l y s i s i n t o an X, Y r e a l 

number c o - o r d i n a t e . I t c o u l d a l s o p r o v i d e an 

i n d i c a t i o n o f p u p i l s i z e which was not r e a l l y p o s s i b l e 
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w i t h the p r e v i o u s approach, al t h o u g h t h i s was not 

used i n the experiment r e p o r t e d i n the next c h a p t e r . 

The apparatus i s shown i n f i g u r e 5.13 . A 

la r g e o s c i l l o s c o p e (Lan Scope 419DD) was set a t 

90° t o a t e l e v i s i o n m o n i t o r , Both had screens o f 

approximately t h e same s i z e and c u r v a t u r e , the 

moni t o r b e i n g s e l e c t e d f o r t h i s p a r t i c u l a r reason. 

They were a l i g n e d so t h a t the c e n t r e o f t h e i r 

screens were a t the same h e i g h t . A l a r g e h a l f 

s i l v e r e d m i r r o r was used by the experimenter t o 

monocularly view b o t h screens when u s i n g t h e c h i n 

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

of each of the screens from the c e n t r e o f the 

m i r r o r was t h e same. I n t h i s way a n y t h i n g 

d i s p l a y e d on e i t h e r screen would appear superimposed 

a t t h e same d i s t a n c e upon the o t h e r . 

The Department o f Psychology's computer 

(IBM 1130) was used t o d r i v e the o s c i l l o s c o p e . 

I n i t i a l l y , t h i s o s c i l l o s c o p e d i s p l a y e d an o u t l i n e 

square and the o s c i l l o s c o p e c o n t r o l s were then 

checked t o ensure t h a t the X and Y m a g n i f i c a t i o n s 

were the same. The o s c i l l o s c o p e screen c o u l d 

thus be regarded as a l i n e a r m a t r i x , 1024 p o i n t s 

square. The v i d e o m o n i t o r had p r e v i o u s l y been 

checked f o r l i n e a r i t y as d e t a i l e d f o r the p r e v i o u s 

method. The o s c i l l o s c o p e next d i s p l a y e d a s m a l l 

cross. By means o f 8 response b u t t o n s t h i s cross 

c o u l d be moved about by t h e experimenter and 
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OSCILLOSCOPE IBM 1130 
COMPUTER 

MONITOR \ 
\ HALF SILVERED 

MIRROR 

A 
SUBJECT 

± o o o o 
o o o o 

RESPONSE 
BUTTONS 

Figure 5.13 Diagram o f the arrangement o f the 
apparatus f o r the second a n a l y s i s 
t e c h n i q u e . 

CORRECTION CONSTANTS 
HORIZONTAL VERTICAL 

SUBJECT TRIAL A 3 C E F G 

1 0.706 0. 023 1.624 0.028 0.732 4.668 
A 2 0. 638 0.006 2. 795 -0.018 0. 733 4.501 

B 
1 0. 746 0.017 2.656 -0.003 0.82 6.145 

B 2 0.747 0.013 2.695 -0.015 0. 804 6.533 

1 0.7 -0.001 2.809 0.005 0.72 6.441 
C 

2 0.701 -0.005 3.123 0.006 0.704 6.677 

Table 5.1 Values f o r the 6 c o r r e c t i o n c o n s t a n t s 
o b t a i n e d on the f i r s t and second 
c a l i b r a t i o n t r i a l f o r each s u b j e c t . 
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superimposed over p o i n t s o f i n t e r e s t ( p u p i l - i r i s 

boundary, c o r n e a l r e f l e c t i o n s o f marker l i g h t s ) and 

the X, Y c o - o r d i n a t e recorded. The same b u t t o n s 

served t o e n t e r the s t a t e , b l i n k s and frame count. 

A l l t h i s i n f o r m a t i o n was d i r e c t l y e n t e r e d i n t o a 

computer file f o r subsequent a n a l y s i s o r e l s e a 

paper tape o u t p u t o f i t was produced by the computer. 

This technique i s next d e s c r i b e d and a f l o w c h a r t o f 

i t i s shown i n F i g u r e 5.14. 

The b u t t o n s were i l l u m i n a t e d under program 

c o n t r o l t o p r o v i d e feed-back t o the experimenter o f 

where he was i n the sequence o f data e n t r y . F u l l 

c o r r e c t i o n o f any erroneous e n t r y was allowed f o r . 

A f t e r advancing t h e vi d e o r e c o r d e r t o the 

a p p r o p r i a t e t e l e v i s i o n frame t o be analysed,the 

frame count was e n t e r e d , e i t h e r i n b i n a r y f a s h i o n , 

or by a s e r i e s o f s i n g l e key presses as the vi d e o 

r e c o r d e r s l o w l y advanced. I f a b l i n k had o c c u r r e d 

t h i s was s i m i l a r l y n o t e d by a key press. For 

exp e r i m e n t a l d a t a t h e response s t a t e was next 

entered. The b u t t o n s were then used t o move and 

superimpose the cross d i s p l a y e d on the o s c i l l o s c o p e 

over the p u p i l boundary on the m o n i t o r and f o u r 

readings around t h i s boundary were then taken. The 

cross was again moved and the c o - o r d i n a t e p o s i t i o n s 

of the marker l i g h t c o r n e a l r e f l e c t i o n s e n t e r e d . 

Before e n t e r i n g these c o - o r d i n a t e s , f o u r o f the 

b u t t o n s were i l l u m i n a t e d t o i n d i c a t e each o f the 
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advance video 
r e c o r d e r _ 

I 

d i s p l a y square f o r 
o s c i l l o s c o p e c a l i b r a t i o n 

i : 
s e l e c t t e l e v i s i o n 
frame f o r 
a n a l y s i s 
c a l i b r a t i o n or 
exp e r i m e n t a l data? 

I 

d i s p l a y '+' 
I e n t e r frame count 

I 
EXPERIMENTAL DATA 

has a b l i n k o c c u r r e d e n t e r b l i n k 
1N0 

e n t e r S's response 
s t a t e 
e n t e r S's response 
s t a t e 

e n t e r c a l i b r a t i o n 
p o i n t number r move 
CALIBRATION 
DATA 

a l i g n w i t h p u p i l 
boundary 

1 = e n t e r p u p i l 
c o - o r d i n a t e s 

more p u p i l readings 
r e q u i r e d 9 

YES 

THIS OPTION ONLY<^ response state='NO"? 
FOR EXPERIMENTAL IVES 

NO 

DATA e n t e r which c o r n e a l 
r e f l e c t i o n s t o r e c o r d 

—* move '+' 
I a l i g n w i t h c o r n e a l 

r e f l e c t i o n 

d i s p l a y ' x'-
p u p i l c e n t r e 

I e n t e r which 
c o r n e a l 
r e f l e c t i o n s 
are n e a r e s t 
t o p u p i l 
c e n t r e 

e n t e r c o - o r d i n a t e s o f 
c o r n e a l r e f l e c t i o n 

YES <^"more readings r e q u i r e d ? ^ . 
i NO 

NO / end o f data f o r 
~~ \ t h i s s t i m u l u s ? 

JTES -
s e l e c t o u t p u t 

o u t p u t data 
on paper tape zx 

1 
s t o r e data i n 
computer f i l e 

G> NO end o f data f o r 
t h i s S? 
3Y£J 

STOP 3 KEY:-
= e r r o r c o r r e c t i o n f a c i l i t y 

e n t e r = e n t e r u s i n g t h e b u t t o n s 
d i s p l a y = d i s p l a y on o s c i l l o s c o p e 
move = move cross on o s c i l l o s c o p e 

by means o f the b u t t o n s 
F i g u r e 5.14 Flow c h a r t of the second a n a l y s i s t e c h n i q u e . 
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f o u r c o r n e a l r e f l e c t i o n s . The experimenter 

pressed the a p p r o p r i a t e b u t t o n s i n the c o r r e c t 

order i n which he was then going t o e n t e r these 

c o - o r d i n a t e s . By t h i s means i f a l l f o u r marker 

l i g h t s were not c l e a r l y e v i d e n t on the mo n i t o r 

t h i s c o u l d be accounted f o r . 

When a n a l y s i n g e x p e r i m e n t a l data (as opposed 

t o c a l i b r a t i o n d a t a ) once t h e c o - o r d i n a t e s o f 

p o i n t s around t h e p u p i l had been e n t e r e d then 

the o s c i l l o s c o p e a l s o d i s p l a y e d a second cross 

i n d i c a t i n g t h e c e n t r e o f the p u p i l . For 

readings o t h e r than the i n i t i a l 'NO' s t a t e r e a d i n g 

then o n l y t h e c o - o r d i n a t e s o f the two c o r n e a l 

r e f l e c t i o n s o f the marker l i g h t s nearest t o t h i s 

p o i n t were recorded. This, t o some e x t e n t , a l l o w e d 

f o r d i s t o r t i o n s o f t h e more p e r i p h e r a l c o r n e a l 

r e f l e c t i o n s . The 'NO' s t a t e r e a d i n g s o f the f o u r 

c o r n e a l r e f l e c t i o n s i n t h i s case were used t o s e t 

up the ' r e c t a n g l e ' formed by the c o r n e a l 

r e f l e c t i o n s and used thr o u g h o u t the a n a l y s i s o f 

t h a t t r i a l t o g i v e t h e s i z e o f t h i s r e c t a n g l e . 

For c a l i b r a t i o n data i n s t e a d o f f i r s t e n t e r i n g 

the frame count, b l i n k occurrence and s t a t e response, 

the f i x a t i o n p o i n t number was recorded i n b i n a r y 

f a s h i o n . T h i s was f o l l o w e d by p u p i l and c o r n e a l 

r e f l e c t i o n r e a d i n g s as d e t a i l e d above. 

The o u t p u t o f t h i s program f o r b o t h c a l i b r a t i o n 

and e x p e r i m e n t a l data was a numeric X, Y c o - o r d i n a t e 
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reading o f the p u p i l c e n t r e w i t h r e f e r e n c e t o 

the c o r n e a l r e f l e c t i o n s o f the marker l i g h t s . 

For e x p e r i m e n t a l data the frame count ( f i x a t i o n 

t i m e ) and b l i n k occurrence were a l s o recorded. 

Data from an eye movement r e c o r d i n g method 

u t i l i s i n g m u l t i p l e l i g h t sources i s d i f f i c u l t t o 

analyse i n any o t h e r way a p a r t from a 1 frame by 

frame' approach. Other approaches have 

s i m i l a r l y sought t o speed up the s c o r i n g o f each 

frame examined ( W h i t e s i d e ,1974 ; Haith, 1 9 6 9 ; 

Kundel and Nodine,1973 ) . 

5.11. ERRORS OF THE EYE MOVEMENT RECORDING METHOD 

Having d e t a i l e d how the eye movement data 

d i s p l a y e d on the t e l e v i s i o n m o n i t o r was tra n s f o r m e d 

by two techniques i n t o a s u i t a b l e format f o r 

subsequent a n a l y s i s i t i s f i r s t i m p o r t a n t t o 

el a b o r a t e t h e e r r o r s o f t h i s method o f r e c o r d i n g 

eye movements. I t i s o n l y by s u i t a b l y c o r r e c t i n g 

f o r such e r r o r s t h a t a r e l a t i v e l y a c c u r a t e 

measure o f f i x a t i o n l o c a t i o n can be o b t a i n e d . 

P o i n t o f r e g a r d methods which use the 

measurement o f the p u p i l c e n t r e i n r e l a t i o n t o a 

cor n e a l r e f l e c t i o n o f some l i g h t source are s u b j e c t 

t o v a r i o u s e r r o r s . These have been d e t a i l e d by 

S l a t e r and F i n d l a y (1972a, 1975b) and by B u l l i n g e r 

(1974 ) . Some d i s c u s s i o n o f the presence and 

magnitude o f such e r r o r s w i t h p a r t i c u l a r r e f e r e n c e 
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t o neonates has o c c u r r e d ( S a l a p a t e k , H a i t h , Maurer 

and Kessen, 1972; S l a t e r and F i n d l a y , 1972b). 

There are two e r r o r sources, f i r s t l y the non-

coincidence of the v i s u a l and o p t i c axes of the 

eye and secondly the f a c t t h a t the two elements 

of the eye ( c o r n e a l r e f l e c t i o n and observed p u p i l 

c e n t r e ) do not q u i t e l i e i n the same plane and 

thus g i v e r i s e t o p a r a l l a x e f f e c t s . 

C o n s i d e r i n g the eye as an o p t i c a l system one 

can d i s t i n g u i s h 3 p u p i l s : the t r u e p u p i l , the 

e x i t p u p i l ( t h e image o f the t r u e p u p i l formed by 

the lens o f t h e eye > and the e ntrance p u p i l ( B e n n e t t and 

Francis,1962) . The entrance p u p i l i s the m a g n i f i e d 

image o f the t r u e p u p i l formed by r e f r a c t i o n a t 

the cornea. I n p o i n t o f r e g a r d eye movement 

techniques i t i s t o t h i s entrance p u p i l t o which 

measurements are r e f e r e n c e d ( B u l l i n g e r , 1974 ). 

The e s t i m a t i o n o f the l o c a t i o n o f the c o r n e a l 

r e f l e c t i o n o f a d i s t a n t o b j e c t by r e f e r e n c e t o the 

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

d e t e r m i n i n g the p o i n t on the o b j e c t l y i n g on the 

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

the cornea t h r o u g h the c e n t r e o f the e ntrance 

p u p i l ) . Whereas the S w i l l a c t u a l l y be f i x a t i n g 

a p o i n t on the o b j e c t l y i n g on the v i s u a l a x i s . 

This a x i s b e i n g i n essence a l i n e j o i n i n g the fovea 

t o the o b j e c t , i n r e a l i t y i t i s composed of 2 

p a r a l l e l l i n e s p a s s i n g t h r o u g h the 2 nodal p o i n t s o f 
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the eye. The v i s u a l a x i s and the p u p i l l a r y a x i s 

do not c o i n c i d e and so the e s t i m a t i o n o f the p o i n t 

of r e g a r d o f the S w i l l be i n e r r o r . 

The discrepancy between these 2 axes i s some 

4-5° temporal and j u s t g r e a t e r than 1° v e r t i c a l l y 

(Bennett and F r a n c i s , 1962). T h i s e f f e c t i s equal 

and o p p o s i t e i n bo t h eyes so t h a t f o r b i n o c u l a r 

v i e w i n g o f an o b j e c t the 2 eyes d e v i a t e h o r i z o n t a l l y 

by some 10° ( S l a t e r and F i n d l a y , 1 9 7 5 b ) . The 

h o r i z o n t a l angle between the p u p i l l a r y and v i s u a l 

axes i s known as the angle kappa. The p u p i l l a r y 

a x i s can be co n s i d e r e d as b e i n g synonymous w i t h 

the o p t i c a x i s o f the eye. Thus angle kappa i s 

e q u i v a l e n t t o angle alpha, t h e l a t t e r b e i ng the 

angle between the o p t i c and v i s u a l axes ( S l a t e r and 

F i n d l a y , 1975b). 

The entrance p u p i l o f the a d u l t human l i e s some 

3.05 mm (Be n n e t t and F r a n c i s , 1962) behind the 

corn e a l s u r f a c e . The c o r n e a l r e f l e x o f a d i s t a n t 

o b j e c t u n f o r t u n a t e l y does not l i e i n q u i t e the same 

plane as t h i s . I n s t e a d i t i s some 3.9 mm behind 

the c o r n e a l s u r f a c e . Thus, when the S's eye i s 

viewed from a p o i n t which i s not on the S's l i n e 

of s i g h t , a p a r a l l a x e r r o r w i l l occur i n e s t i m a t i n g 

the d i r e c t i o n of the S's gaze. The v i r t u a l image 

( c o r n e a l r e f l e x ) o f an o b j e c t f i x a t e d by t he S l i e s 

at t h e p r i n c i p a l focus o f the eye. For o f f - a x i s 

o b s e r v a t i o n t h i s p o i n t w i l l be judged r e l a t i v e t o 
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the entrance p u p i l such t h a t f o r a 20 o f f - a x i s 

h o r i z o n t a l o b s e r v a t i o n p o s i t i o n an apparent 

displacement o f 4.4° v i s u a l angle w i l l occur 

between the c o r n e a l r e f l e x and the c e n t r e o f the 

entrance p u p i l ( S l a t e r and F i n d l a y , 19793). 

The measured p o s i t i o n of the S's d i r e c t i o n 

of r e g a r d w i l l t h u s be e i t h e r 9.4° o r 0.4° 

h o r i z o n t a l l y d i s p l a c e d when both o f the p r e v i o u s 

e r r o r s are c o r r e c t e d . 

For l a r g e a n g u l a r d i s c r e p a n c i e s between the 

f i x a t e d t a r g e t and the o b s e r v a t i o n a x i s t h e r e w i l l 

be a f u r t h e r e r r o r due t o c o r n e a l s p h e r i c a l 

a b e r r a t i o n such t h a t the v i r t u a l image o f t h e t a r g e t 

i n s t e a d o f b e i n g l o c a t e d a t the p r i n c i p a l focus 

w i l l be l o c a t e d nearer the plane o f the entrance 

p u p i l . Also t h e p u p i l i t s e l f may not d i l a t e around 

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

the p u p i l c e n t r e may va r y w i t h p u p i l diameter 

which w i l l a l s o i n t r o d u c e an a d d i t i o n a l e r r o r . 

5.12. ERROR CORRECTION 

S l a t e r and F i n d l a y ( 1 9 7 5 b ) i n d e s c r i b i n g t h e 

v a r i o u s e r r o r s o f r e c o r d i n g eye movements by t h i s 

approach, p r e s e n t d a t a which demonstrates t h a t t h e 

d e v i a t i o n o f the measured f i x a t i o n p o s i t i o n from 

the a c t u a l p o s i t i o n f i x a t e d i n c r e a s e s as the 

angular d i f f e r e n c e between the f i x a t i o n p o s i t i o n 
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of the S and the o b s e r v a t i o n a x i s o f the S's eye 

incre a s e s . T h i s d e v i a t i o n approximates a s t r a i g h t 

l i n e f u n c t i o n between + 20° v i s u a l angle o f t h i s 

d i f f e r e n c e . Although not e x p l o r e d by S l a t e r and 

F i n d l a y t h i s demonstrates t h a t , t o a f i r s t o r d e r , 

a c o r r e c t i o n f o r these e r r o r s can be a p p l i e d by a 

'le a s t squares' t e c h n i q u e . 

The f o l l o w i n g c o r r e c t i o n procedure was 

subsequently devised. With the S f i x a t i n g a s e r i e s 

of p o i n t s on a c a l i b r a t i o n s l i d e , measures of 

f i x a t i o n p o s i t i o n as w e l l as the t r u e p o s i t i o n o f 

the p o i n t b e i n g f i x a t e d were o b t a i n e d . These were 

then used t o generate a p p r o p r i a t e c o r r e c t i o n 

constants which were b o t h a p p l i e d t o t h i s raw 

c a l i b r a t i o n data, t o g i v e an e s t i m a t e d f i x a t i o n 

p o s i t i o n , as w e l l as subsequently a p p l i e d t o o t h e r 

data o f the eye movements o f the same S when 

l o o k i n g at d i f f e r e n t s t i m u l i . 

The c o r r e c t i o n s were c a l c u l a t e d i n the f o l l o w i n g 

manner. I f the measured 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 o f a f i x a t i o n are x and y w i t h the 

corresponding r e a l c o - o r d i n a t e s o f the f i x a t e d p o i n t 

being z and t . Then the c a l c u l a t e d c o - o r d i n a t e 

p o s i t i o n o f the f i x a t i o n i s g i v e n by:-

z 1 = Ax + By + C 

t 1 = Dx + Ey + F 

where z 1 i s the h o r i z o n t a l and t 1 the v e r t i c a l 

c a l c u l a t e d p o s i t i o n s . A, B, C, D, E and F are 
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constants which can then be c a l c u l a t e d . The 

derivation o f these c o n s t a n t s i s giv e n i n Appendix D . 

A computer program was w r i t t e n t o c a l c u l a t e these 

constants and p r o v i d e a paper tape o u t p u t o f them 

which was subsequently taken t o c o r r e c t o t h e r 

data f o r t h i s s u b j e c t . The program a l s o p r i n t e d 

out the measured f i x a t i o n p o s i t i o n s , the t r u e 

p o s i t i o n s f i x a t e d and the e s t i m a t e d f i x a t i o n 

p o s i t i o n s . P l o t s o f these are shown i n the next 
s e c t i o n . The e s t i m a t e d f i x a t i o n p o s i t i o n was the 
c o r r e c t e d mean p o s i t i o n f o r each c a l i b r a t i o n 
p o i n t o f bot h o f the measured p o s i t i o n s . 

5.13. EVALUATION TRIAL 

The f o l l o w i n g t r i a l was c a r r i e d out t o 

a s c e r t a i n t h e accuracy o f the tech n i q u e . 

5.13.1 S u b j e c t s 

Three Ss were used who were f a m i l i a r w i t h the 

apparatus. 

5.13.2 S t i m u l i 

Three s t i m u l u s s l i d e s were used as shown i n 

Figure 5.15. These were: 

a. A 17 p o i n t c a l i b r a t i o n d i s p l a y . 

b. A v e r t i c a l column o f 24 l e t t e r s c o n s t r u c t e d 

so t h a t the c e n t r e t o c e n t r e d i s t a n c e between each 

l e t t e r subtended 1° a t the S's eye. 

c. A h o r i z o n t a l row o f 16 l e t t e r s arranged i n a 
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s i m i l a r f a s h i o n t o the v e r t i c a l d i s p l a y . 

Each of these s l i d e s had been p r o j e c t e d 

onto graph paper t o enable the c o - o r d i n a t e s of each 

f i x a t i o n p o i n t , as p r o j e c t e d , t o be recorded. 

5.13.3. Procedure 

Each S was f i r s t p r esented w i t h the 17 p o i n t 

c a l i b r a t i o n s l i d e . They were i n s t r u c t e d t o 

s e q u e n t i a l l y f i x a t e the c e n t r e of each of the 

numbered c i r c l e s . As they f i x a t e d each one they 

pressed and b r i e f l y h e l d down one of the response 

bu t t o n s and then r e l e a s e d i t b e f o r e going on t o 

f i x a t e t h e next number. The experimenter s l o w l y 

counted between 1 and 17 and the Ss f i x a t e d the 

p o i n t s at t h i s r a t e . 

The h o r i z o n t a l and v e r t i c a l a r r a y s were then 

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

centre o f each l e t t e r and t o press t h e response 

b u t t o n as they d i d so. Again the experimenter 

c a l l e d out each l e t t e r i n t u r n . F i n a l l y the 17 

p o i n t c a l i b r a t i o n d i s p l a y was again p r e s e n t e d . 

The eye movements o f each S were recorded as they 

d i d t h i s . 

5.13.4. A n a l y s i s and R e s u l t s 

The v i d e o tape was analysed by the f i r s t 

t echnique d e s c r i b e d e a r l i e r so as t o o b t a i n the 

c o - o r d i n a t e s o f each f i x a t i o n p o s i t i o n . For the 

c a l i b r a t i o n s l i d e s 2 r e a d i n g s o f each f i x a t i o n 

p o s i t i o n on the d i s p l a y were taken as soon as the 
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response l i g h t i n d i c a t i n g a f i x a t i o n appeared on the 

monitor and w i t h i n 4 t e l e v i s i o n frames o f one 

another. T h i s was t o attempt t o p i c k up the same 

f i x a t i o n . A d i f f e r e n c e i n scored p o s i t i o n s h ould then 

r e f l e c t b o t h t h e a b i l i t y t o re-measure the same 

f i x a t i o n p l u s the e r r o r i n t r o d u c e d by m i n i a t u r e eye 

movements d u r i n g the f i x a t i o n . 

These measures o f the S's f i x a t i o n p o s i t i o n s 

on the c a l i b r a t i o n s l i d e were then used t o generate 

the h o r i z o n t a l and v e r t i c a l c o r r e c t i o n c o n s t a n t s 

as d e t a i l e d i n the p r e v i o u s s e c t i o n . P l o t s o f each 

S's measured f i x a t i o n l o c a t i o n and the computed 

mean f i x a t i o n l o c a t i o n f o r each c a l i b r a t i o n p o i n t 

are shown i n F i g u r e s 5.16-5.18. I n these p l o t s the 

2 measures o f the S's f i x a t i o n l o c a t i o n f o r each 

p o i n t t o g e t h e r w i t h the computed mean p o s i t i o n 

are shown j o i n e d by l i n e s t o each o f the numbered 

c a l i b r a t i o n p o i n t s . The o v e r a l l e r r o r between t h e 

computed mean l o c a t i o n s and the a c t u a l c a l i b r a t i o n 

p o i n t s i s a l s o g i v e n f o r each S. 

I n a d d i t i o n each p l o t shows graphs o f the 

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 y between the a c t u a l 

p o s i t i o n s f i x a t e d and the measured p o s i t i o n s o f the 

S's f i x a t i o n l o c a t i o n . I n the graph showing t h e 

v e r t i c a l d i s p a r i t y between r e a l and measured f i x a t i o n 

p o s i t i o n s the v e r t i c a l c o - o r d i n a t e s o f the 17 p o i n t 

c a l i b r a t i o n s t i m u l u s are p l o t t e d on the h o r i z o n t a l 

a x i s between 'UP' and 'DN'(down). Thus c a l i b r a t i o n 
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point 6 i s r e p r e s e n t e d as the l e f t - m o s t t i c k on t h i s 

a x i s and 7 i s the r i g h t - m o s t t i c k . The d i s p a r i t y 

between the measured f i x a t i o n l o c a t i o n s and each 

of these t r u e p o s i t i o n s i s shown on the v e r t i c a l a x i s 

depending whether t h e measured p o s i t i o n was e i t h e r 

higher('UP') o r lower ('DN') than the a c t u a l c a l i b r a t i o n 

p o i n t e.g. the two f i x a t i o n p o s i t i o n s f o r p o i n t 6 are 

the f i r s t 2 data p o i n t s on the l e f t o f the graph. 

S i m i l a r l y the graph o f the h o r i z o n t a l d i s p a r i t y 

shows as i t s h o r i z o n t a l a x i s t h e h o r i z o n t a l p o s i t i o n 

of each c a l i b r a t i o n p o i n t r u n n i n g from l e f t ( L ) t o 

r i g h t ( R ) o f the s t i m u l u s so t h a t t h e l e f t - m o s t p o i n t 

i s c a l i b r a t i o n p o s i t i o n 1. The d i s p a r i t y between 

the measured p o s i t i o n s and each c a l i b r a t i o n p o i n t 

i s then shown on the v e r t i c a l a x i s as a d e v i a t i o n 

t o the r i g h t (R) o r the l e f t ( L ) o f t h i s r e a l p o i n t . 

For a l l Ss bo t h t h e 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 y graphs show e s s e n t i a l l y a s t r a i g h t l i n e 

d e v i a t i o n between r e a l and measured f i x a t i o n l o c a t i o n 

thus c o n f i r m i n g S l a t e r and F i n d l a y ' s ( 1 9 7 5 b ) r e s u l t s . 

For each S the mean c a l c u l a t e d f i x a t i o n p o s i t i o n was 

w i t h i n 0. ̂ o f the a c t u a l p o s i t i o n f i x a t e d . 

The va l u e s o b t a i n e d f o r t h e h o r i z o n t a l and 

v e r t i c a l c o r r e c t i o n c o n s t a n t s from the a n a l y s i s 

o f the c a l i b r a t i o n d a t a were then used t o c o r r e c t 

t h a t S's f i x a t i o n p o s i t i o n s f o r t h e h o r i z o n t a l 

and v e r t i c a l a r r a y s . T h i s i s shown i n F i g u r e s 

5.19 and 5.20. The mean e r r o r f o r a l l Ss between 
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the c a l c u l a t e d f i x a t i o n p o s i t i o n and the a c t u a l 

t a r g e t l e t t e r p o s i t i o n on these a r r a y s was some ̂ • ̂ ? 

The second t r i a l on the 17 p o i n t c a l i b r a t i o n 

s l i d e produced s i m i l a r r e s u l t s t o the f i r s t t r i a l , 

these are shown i n Appendix E . Again the o v e r a l l 

mean d i f f e r e n c e f o r a l l Ss between t h e r e a l and 

c a l c u l a t e d f i x a t i o n p o s i t i o n s was someO. 5° The 

s i m i l a r i t y i n t he values o b t a i n e d f o r the c o r r e c t i o n 

c o n s t a n t s f o r each S on the f i r s t and second p r e s e n t a t i o n s 

of the c a l i b r a t i o n s l i d e i s shown i n Table 5.1 . 

These r e s u l t s i n d i c a t e t h a t w i t h t h i s 

technique a S c o u l d be pr e s e n t e d w i t h a s e r i e s o f 

st i m u l u s s l i d e s and then a f t e r w a r d s be shown t he 

c a l i b r a t i o n s l i d e , the data o f which c o u l d be used 

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

t r i a l s w i t h an accuracy o f some 0> 5 . 

5.14. OUTLINE OF THE COMPUTER PROGRAMS 

The t e l e v i s i o n d i s p l a y o f the S's eye 

movements c o u l d be analysed by e i t h e r u s i n g the 

perspex g r i d s o r by t h e o n - l i n e method d e s c r i b e d 

e a r l i e r . The o u t p u t o f bot h approaches was a 

paper tape c o n t a i n i n g t h e c o - o r d i n a t e s o f each 

f i x a t i o n l o c a t i o n , t h e f i x a t i o n time (expressed as 

a number o f t e l e v i s i o n f r a m e s ) , the S's response 

and b l i n k o ccurrence. The o n - l i n e method a l s o 

p e r m i t t e d d i r e c t e n t r y o f t h i s d a t a onto a computer 

data f i l e -
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The c a l i b r a t i o n data was used i n one computer 

program t o generate the a p p r o p r i a t e c o r r e c t i o n 

constants as d e t a i l e d i n s e c t i o n 5.12 which were 

then o u t p u t on paper tape and subsequently used 

t o c o r r e c t t h e e x p e r i m e n t a l data f o r t h a t S. A 

fl o w c h a r t o f the main a n a l y s i s and p l o t t i n g 

program i s shown i n F i g u r e 5. 2 1. Thi s program 

was used t o generate the data p l o t s shown i n the 

next chapter and i t i s now b r i e f l y d e s c r i b e d . 

A l l t h e c o - o r d i n a t e s o f the S's f i x a t i o n 

p o s i t i o n s d u r i n g an e x p e r i m e n t a l t r i a l were f i r s t 

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

experimenter c o u l d then decide i n what manner t o 

study the data o f each t r i a l . The v a r i o u s o p t i o n s 

were:-

(A) A p r i n t - o u t o f the f i x a t i o n l o c a t i o n s , f i x a t i o n 

times and saccade l e n g t h s . T h i s was used t o o b t a i n 

the t o t a l values o f these v a r i a b l e s f o r each s t i m u l u s 

(B) The f i x a t i o n d e n s i t y . T h i s c a l c u l a t e d the 

number o f f i x a t i o n s f a l l i n g i n each 1° square o f 

the s t i m u l u s d i s p l a y by c o n s i d e r i n g i t as a m a t r i x 

of 24 x 16 squares. 

(C) The eye movements c o u l d be p l o t t e d out i n 

v a r i o u s f o r m a t s each w i t h or w i t h o u t a superimposed 

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

re-measuring o f the same f i x a t i o n , the data c o u l d 

be 'reduced' by combining s e q u e n t i a l f i x a t i o n s f a l l i n 

w i t h i n 0.5° o f each o t h e r . 

Each s e q u e n t i a l f i x a t i o n p o s i t i o n c o u l d be 
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p l o t t e d out j o i n e d by an arrow ( t o i n d i c a t e a 

saccade) or a d o t t e d l i n e r e p r e s e n t i n g a b l i n k . 

This was used t o i l l u s t r a t e t h e o v e r a l l v i s u a l 

scanning o f the S and c o u l d a l s o be done w i t h t he 

s e q u e n t i a l numbering o f the f i x a t i o n s . The response 

of the S a t each f i x a t i o n l o c a t i o n c o u l d be r e p r e s e n t e 

by a d i f f e r e n t symbol (e . g . F i g u r e 6.7) and arrows 

used t o i n d i c a t e t he scanning p a t t e r n when a change 

i n response o c c u r r e d (as shown i n Appendix 

I n s t e a d o f p l o t t i n g a l l the S's eye movements, a 

l i m i t ( n ) c o u l d be s e l e c t e d and o n l y the f i r s t n 

f i x a t i o n s p l o t t e d . T h i s was used t o a s c e r t a i n 

the f i r s t f i x a t i o n p o s i t i o n when the S responded-

as shown c i r c l e d i n Appendix F« 

The data was f i r s t p l o t t e d out f o r examination 

on an o s c i l l o s c o p e d i s p l a y and then l a t e r , on a 

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

5.15. SUMMARY 

A f t e r d e s c r i b i n g the d i f f e r e n t types of eye 

movements the t e c h n i q u e s developed t o r e c o r d these 

movements were c o n s i d e r e d . A s u i t a b l e method was 

s e l e c t e d which would a l l o w r e c o r d i n g o f a S's 

saccadic eye movements w i t h o u t h i s knowledge. 

This was then d e t a i l e d t o g e t h e r w i t h a p p r o p r i a t e 

methods o f a n a l y s i n g , c o r r e c t i n g and p l o t t i n g out the 

data. I n t h e n e x t c h a p t e r an experiment u s i n g t h i s 

technique w i t h t h e ambiguous f i g u r e i s d e s c r i b e d . 
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C H A P T E R 6 

THE EYE MOVEMENT EXPERIMENT 
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6.1. INTRODUCTION 

The experiments r e p o r t e d i n the p r e v i o u s 

chapters s u p p o r t e d the h y p o t h e s i s t h a t the response 

t o the l i n e drawing o f the ambiguous f i g u r e was 

l a r g e l y determined by which elements were a v a i l a b l e 

t o the S. The a v a i l a b i l i t y o f the elements r e f e r s 

both t o which elements were pr e s e n t i n the 

s t i m u l u s and a l s o t o which elements the S c o u l d 

a t t e n d t o when h i s f i x a t i o n p o s i t i o n was c o n t r o l l e d . 

These elements i t was argued were d i f f e r e n t i a l l y 

weighted towards each aspect. The S's response t o 

the s t i m u l u s was proposed t o be a r e s u l t o f the 

sum o f the w e i g h t i n g s o f those elements t o which 

he c o u l d a t t e n d . The f r e e v i e w i n g experiments 

demonstrated t h a t t h e presence o r absence o f these 

elements i n the s t i m u l u s d i s p l a y a f f e c t e d the 

response t o the s t i m u l u s i n a s i m i l a r f a s h i o n t o 

the a f t e r i m a g e s i t u a t i o n s where t h e S's f i x a t i o n 

l o c a t i o n upon t h e d i s p l a y was predetermined. 

The a f t e r i m a g e s t u d i e s demonstrated t h a t the 

p e r c e p t i o n o f f i g u r e i n the s t i m u l u s was determined 

both by f i x a t i o n l o c a t i o n as w e l l as by which 

elements were a v a i l a b l e t o the S at t h a t l o c a t i o n . 

This i m p l i e s t h a t s e l e c t i v e v i s u a l a t t e n t i o n i s 

im p o r t a n t i n the p e r c e p t i o n o f the s t i m u l u s . I n a 

normal v i e w i n g s i t u a t i o n eye movements would occur 

which would s h i f t t h e lo c u s o f a t t e n t i o n about t h e 
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s t i m u l u s i n a somewhat s i m i l a r manner t o the use 

o f the d i f f e r e n t f i x a t i o n p o s i t i o n s w i t h the 

a f t e r i m a g e approach. These s t u d i e s demonstrated 

the importance of the M element i n d e t e r m i n i n g 

OW p e r c e p t i o n and the f r e e v i e w i n g experiments 

f u r t h e r e l a b o r a t e d the i n f l u e n c e o f the YE 

element i n e l i c i t i n g YW p e r c e p t i o n . F i n d i n g s o f 

i n t e r a c t i o n s between elements o r between elements 

and f i x a t i o n p o s i t i o n were i n t e r p r e t e d as showing t h a t 

para - f o v e a l l y and f o v e a l l y viewed p a r t s o f the 

s t i m u l u s were i n f l u e n t i a l i n d e t e r m i n i n g the 

response. 

N e i t h e r o f these e x p e r i m e n t a l approachesprovided 

any i n f o r m a t i o n about how the S scans such a 

s t i m u l u s i n a f r e e v i e w i n g s i t u a t i o n or about 

what happens when f l u c t u a t i o n s occur. The 

i n t e r e s t has so f a r been i n examining the 

d i s t r i b u t i o n o f the 'bias' or element w e i g h t i n g s 

over the s t i m u l u s when i t was f i r s t presented. 
E x p e r i m e n t a l s t u d i e s of eye movements i n the 

p e r c e p t i o n o f f l u c t u a t i n g f i g u r e s were reviewed i n 

Chapter 2 and the c o n c l u s i o n was reached t h a t a 

s i t u a t i o n was r e q u i r e d i n which the S would be 

unaware o f h i s eye movements b e i n g recorded. The 

l a s t c hapter d e t a i l e d the c o n s t r u c t i o n o f s u i t a b l e 

equipment t o achieve t h i s . I n the p r e s e n t chapter 

an experiment i s d e s c r i b e d i n which Ss' eye 

movements were recorded as they viewed the l i n e 
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drawing o f the ambiguous f i g u r e . I t was a l s o 

argued i n Chapter 2 t h a t a s t i m u l u s s h o u l d be o f 

s u f f i c i e n t s i z e t o p e r m i t both aspects t o be 

seen w h i l s t a t t h e same time a l l o w i n g s e l e c t i v e 

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

I n t h i s manner i t would be p o s s i b l e t o examine 

how d i f f e r e n t s t i m u l u s areas a f f e c t the 

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

demonstrated t h a t t h i s was p o s s i b l e w i t h a 

s t i m u l u s some 36° x 28° v i s u a l angle i n s i z e . 

The f r e e v i e w i n g experiments used s l i g h t l y s m a l l e r 

s t i m u l i w i t h s i m i l a r r e s u l t s . 

I t was h y p o t h e s i s e d t h a t g i v e n t h a t Ss c o u l d 

p e r c e i v e b o t h aspects i n the s t i m u l u s then i f they 

were i n s t r u c t e d t o see t h i s s t i m u l u s as the YW 

aspect t h e i r eye movements w o u l d be c o n c e n t r a t e d 

towards the YE element. Furthermore i f they were 

i n s t r u c t e d t o p e r c e i v e t h e OW aspect then t h e i r eye 

movements would be more c o n c e n t r a t e d towards the 

M element. The a c t u a l eye movements i t was 

p r e d i c t e d would be somewhat i n d i v i d u a l i s t i c but 

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

l o c a t i o n s were h y p o t h e s i s e d t o occur. T h i s was 

based on the a f t e r i m a g e experiments which 

demonstrated t h a t a f i x a t i o n near t h e YE element 

e l i c i t e d more YW responses from Ss and a s i m i l a r 

p o i n t near t h e M element e l i c i t e d more OW responses, 

I n normal v i e w i n g o f t h e ambiguous f i g u r e f o r 
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a p e r i o d o f t i m e f l u c t u a t i o n s occur. I n the 

present experiment Ss viewed the s t i m u l u s f o r 

some 10s. I t was h y p o t h e s i s e d t h a t as the 

p e r c e p t i o n o f the s t i m u l u s a l t e r e d ( f l u c t u a t i o n 

occurred) so t o o would the S's f i x a t i o n l o c a t i o n . 

Thus, as the S was responding TYW aspect 1 t o the 

s t i m u l u s i t was h y p o t h e s i s e d t h a t he would f i x a t e 

towards the YE element and as he responded rOW 

he would f i x a t e more towards the M element. 

Two f u r t h e r q u e s t i o n s were o f i n t e r e s t . What 

happens when the elements are then removed from 

the s t i m u l u s and the S f l u c t u a t e s between the two 

aspects? A l s o , does an eye movement n e c e s s a r i l y 

precede a f l u c t u a t i o n i n a causal manner as many 

researchers have i n v e s t i g a t e d ? With r e g a r d t o 

the f i r s t q u e s t i o n i t was h y p o t h e s i s e d t h a t 

a l t e r i n g elements s h o u l d a f f e c t t h e f i r s t response 

obtai n e d i n a s i m i l a r f a s h i o n t o t h a t found i n 

the p r e v i o u s experiments. Absence o f the M 

element s h o u l d , on t h e b a s i s o f the p r e v i o u s 

r e s u l t s , produce a YW response f i r s t and a l s o 

absence o f the YE element s h o u l d f i r s t produce an 

OW response. I t i s more d i f f i c u l t t o p r e d i c t an 

e f f e c t o f the absence o f t h e o t h e r two elements 

except t h a t t h e i r absence should f a v o u r the YW 

aspect more. I n a s i t u a t i o n where one o r more 

elements are absent t h e i n t e r e s t i n g q u e s t i o n can 

be asked o f where does the S f i x a t e when he i s 
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responding as each aspect? For example, i f as 

shown by the p r e v i o u s experiments the YE element 

l a r g e l y determines a YW response and so when the 

S i s responding as t h i s aspect he i s p r e d i c t e d 

t o look towards t h i s element. Then i n the 

absence of t h i s element does he f i x a t e i n the 

same r e g i o n o f the s t i m u l u s o r does he f i x a t e 

elsewhere when making t h i s response? One o f 

the f u n c t i o n s o f the schematic map as d e t a i l e d 

i n Chapter 1 i s t o ' t e l l ' the S what t o expect 

at a p a r t i c u l a r l o c a t i o n . I f the map i s of 

importance then i t was hy p o t h e s i s e d t h a t 1he 

S w i l l t e n d t o f i x a t e i n the same r e g i o n s as 

when the elements were p r e s e n t . I f , however, 

the concept o f the schematic map i s i n c o r r e c t 

then the S's f i x a t i o n l o c a t i o n would p r i m a r i l y 

be determined by the p h y s i c a l parameters o f 

the p a r t i c u l a r s t i m u l u s he i s v i e w i n g , i . e . he 

w i l l f i x a t e towards o t h e r p a r t s o f the s t i m u l u s . 

To answer the second q u e s t i o n concerning 

f l u c t u a t i o n . I t was proposed i n Chapter 2 t h a t 

f l u c t u a t i o n s occur due t o a t t e n t i o n lapses, some 

of which w i l l i n v o l v e r e - i n t e r p r e t i n g an a l r e a d y 

f i x a t e d p o i n t i n the d i s p l a y and some o f which 

w i l l i n v o l v e eye movements and f i x a t i o n s w i t h no 

e x p e c t a t i o n o f i n t e r p r e t i n g the elements o f the 

s t i m u l u s as one p a r t i c u l a r aspect. Thus, i t was 

hypothesised t h a t eye movements would sometimes 
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be r e l a t e d t o r e v e r s a l s ( t h e l a t t e r case) and a t 

other times n o t . However, once the s t i m u l u s was 

r e - i n t e r p r e t e d as the a l t e r n a t i v e aspect then eye 

movements were hyp o t h e s i s e d t o occur t o p a r t i c u l a r 

regions o f the s t i m u l u s which s t r o n g l y favoured 

the new aspect. 

6,2. EXPERIMENT 6 

6.2.1. S u b j e c t s 

Six undergraduate Ss took p a r t i n the 

experiment. Data from 5 of these o n l y i s 

considered here as the v i d e o tape r e c o r d i n g o f the 

eye movements o f the o t h e r S c o u l d not be analysed 

due t o a camera problem which had produced a 

d i s t o r t e d image o f the eye. A l l Ss were run 

i n d i v i d u a l l y and had v o l u n t e e r e d t o take p a r t i n 

an experiment on v i s u a l p e r c e p t i o n i n which they 

had t o look at some s l i d e s . 

6.2.2. Apparatus 

The apparatus was d e s c r i b e d i n the p r e v i o u s 

chapter. 

6.2.3. S t i m u l i 

Seven s t i m u l i were p r e s e n t e d t o Ss as r e a r 

p r o j e c t e d 35 mm s l i d e s . A l l s t i m u l i were b l a c k 

l i n e drawings. One o f these was o f the face used 

by Noton and S t a r k ( 1 9 7 l a ) f t h e o t h e r s were v e r s i o n s 

o f the ambiguous l i n e drawing used i n the p r e v i o u s 
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Figure 6.1 The 6 d i f f e r e n t s t i m u l u s v e r s i o n s 
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experiments. The s i x v e r s i o n s were: the f u l l 

ambiguous f i g u r e , 4 o t h e r v e r s i o n s each w i t h one 

of the 4 elements o m i t t e d , and a v e r s i o n w i t h a l l 

of the 4 elements o m i t t e d . These are shown i n 

Figure 6. 1 . The c a l i b r a t i o n s l i d e d e s c r i b e d i n 

the p r e v i o u s c h a p t e r was a l s o used. The p r o j e c t e d 

s l i d e s subtended 24° x 16° at the S's eye. 

6.2.4. Procedure 

The apparatus d e s c r i b e d i n the p r e v i o u s 

chapter was so arranged t h a t when Ss e n t e r e d t h e 

ex p e r i m e n t a l room they saw o n l y t h e f r o n t of the 

vie w i n g box. The o t h e r equipment b e i n g hidden by 

a screen. Once the S was seated a t the v i e w i n g 

box i t was i m p o s s i b l e f o r him t o see the t e l e v i s i o n 

m o n i t o r o r o t h e r apparatus. 

When t h e S e n t e r e d t h e e x p e r i m e n t a l room he 

was shown t h e v i e w i n g box and t o l d t h a t i t was a 

type o f t a c h i s t o s c o p e i n which s l i d e s would be 

p r o j e c t e d onto t h e back o f the box and a l l he had 

to do was t o s i t w i t h h i s c h i n on the c h i n r e s t 

and look a t t h e s l i d e s t h r o u g h t h e goggles. The 

i n f r a - r e d LEDs mounted i n the r i g h t eye pi e c e o f 

the goggles were p o i n t e d o ut t o the S as 'small 

l i g h t s ' l e f t over from another experiment which had 

n o t h i n g t o do w i t h t h e p r e s e n t one. 

Ss were i n s t r u c t e d : 

"There are s e v e r a l p a r t s t o the experiment. 
The f i r s t p a r t s i m p l y i n v o l v e s you 
l o o k i n g a t some s l i d e s which you w i l l see 
p r o j e c t e d onto t h e screen. F i r s t though I 
want t o make sure t h e c h i n r e s t i s a t a 
c o m f o r t a b l e h e i g h t f o r you." 
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The s u b j e c t was t h e n seated and the c h i n r e s t 

a d j u s t e d t o a c o m f o r t a b l e h e i g h t . With the S 

then s i t t i n g i n p o s i t i o n t h e e x p e r i m e n t e r moved 

the screen so t h a t he c o u l d view the t e l e v i s i o n 

m o n i t o r which d i s p l a y e d t h e image o f the S's r i g h t 

eye. The h e i g h t o f the c h i n r e s t was then a l t e r e d 

u n t i l t h e image o f t h i s eye was c e n t r a l on the 

screen. The i m p r e s s i o n g i v e n t o the S d u r i n g t h i s 

was t h a t t h e a l t e r a t i o n was f o r h i s own c o m f o r t . 

The S was then t o l d t o s i t back from t h e goggles 

and was then i n s t r u c t e d : 

" I am g o i n g t o show you a sequence 
o f s l i d e s . A l l I want you t o do i s 
t o s i m p l y look a t them. What w i l l 
happen i s t h i s . F i r s t l y , t h e screen 
a t t h e back o f the box w i l l be 
i l l u m i n a t e d w i t h d i f f u s e l i g h t and 
then a c e n t r a l f i x a t i o n c r o s s w i l l 
appear. I want you t o f i x a t e t h e cross 
and then a f t e r a second o r so t h i s w i l l 
be r e p l a c e d w i t h t h e s t i m u l u s which you 
can f r e e l y l ook a t . A f t e r s e v e r a l 
seconds t h e s t i m u l u s w i l l d i s appear and 
you w i l l be p r e s e n t e d w i t h t h e b l a n k 
f i e l d , then t h e f i x a t i o n c r o s s and then 
the next s t i m u l u s .... and so on. O.K. 
Do you have any q u e s t i o n s ? " " I 
have t o o p e r a t e t h e p r o j e c t o r from 
behind t h e box." 

The S the n s a t i n p o s i t i o n and the e x p e r i m e n t e r 

s t a r t e d b o t h t h e s l i d e sequence and the v i d e o 

r e c o r d e r . The f i r s t s t i m u l u s was the 'face' s t i m u l u s 

from Noton and S t a r k (1971a) and t h e second one was 

the f u l l ambiguous l i n e d r a w i n g o f B o r i n g ' s f i g u r e , f a c i n g 

l e f t o r r i g h t . Both were shown f o r iOs. The s l i d e 
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d u r a t i o n was manually t i m e d by w a t c h i n g t h e t i m e r 

d i s p l a y on t h e m o n i t o r and t e r m i n a t i n g each s l i d e 

by o p e r a t i n g s w i t c h The r e c o r d e r was then 

stopped and the experimenter walked round t o the 

S and asked him t o s i t back from the goggles and 

describe the l a s t s t i m u l u s . 

A photograph o f Bor i n g ' s ambiguous f i g u r e 

was then shown t o the S and he was asked t o both 

describe i t and whether he had seen i t b e f o r e . 

Both aspects were then v e r b a l l y d e s c r i b e d t o the 

S, as i n t h e p r e v i o u s experiments, and the S t o l d 

t h a t the l a s t s t i m u l u s was a l i n e drawing o f t h i s 

photograph. S was a l l o w e d a few minutes t o look 

at the photograph and p r a c t i c e a l t e r n a t i n g between 

the two aspects. The f o l l o w i n g i n s t r u c t i o n s were 

then g i v e n : 

"Now I am going t o show you the l a s t 
s l i d e a g a i n , t h i s w i l l be shown i n the 
same f a s h i o n as b e f o r e w i t h an i n i t i a l 
f i x a t i o n c r o s s . When the s t i m u l u s 
s l i d e appears I want you t o c o n c e n t r a t e 
s o l e l y on v i e w i n g the p i c t u r e as a 
young woman. A f t e r a few seconds the 
s t i m u l u s w i l l disappear and a f t e r a 
s i m i l a r i n t e r v a l i t w i l l reappear when 
I want you t o c o n c e n t r a t e on v i e w i n g i t 
as an o l d woman. O.K. Do you have any 
q u e s t i o n s ? " ..."So t h i s time I want you 
t o c o n c e n t r a t e on the young woman." 

The f u l l l i n e drawing s t i m u l u s was then shown 

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

experimenter repeated: 

"O.K. now t h i s second time I want you t o 
c o n c e n t r a t e on the o l d woman." 
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H a l f the S s were i n s t r u c t e d t o f i r s t look at the 

o l d and then the young woman. 

The S was then shown the two push b u t t o n s 

which S then h e l d , one i n each hand. 

"Now I am going to show you the same 
s l i d e a g a i n but t h i s time I want you 
to j u s t f r e e l y look a t i t . When i t 
appears t o you to be the YW I want 
you t o p r e s s and h o l d down the r i g h t 
hand b u t t o n . Hold i t down a l l the 
time i t l o o k s l i k e the YW. When i t 
lo o k s l i k e t he OW p r e s s and h o l d 
down the l e f t hand button a l l the 
time i t l o o k s l i k e the OW. When i t 
l o o k s l i k e n e i t h e r don't p r e s s e i t h e r 
b u t t o n . " 

S was then a l l o w e d t o p r a c t i c e p r e s s i n g and 

h o l d i n g down each button w h i l s t v i e w i n g the 

photograph. When he was f a m i l i a r w i t h the 

response p r o c e d u r e he was then i n s t r u c t e d : 

"O.K. now what I am going t o do i s to 
p r e s e n t you w i t h a s e r i e s of l i n e 
drawings s i m i l a r to the one you have 
j u s t been l o o k i n g a t . A l l I want you 
to do i s t o p r e s s and h o l d down t h e 
r i g h t b u t t o n when i t l o o k s l i k e t h e 
YW and p r e s s and h o l d down the l e f t 
b utton when i t l o o k s l i k e t h e OW. Do 
t h i s f o r each s l i d e . Any q u e s t i o n s ? " 

The d i f f e r e n t v e r s i o n s o f t h e l i n e drawings of 

Bo r i n g ' s f i g u r e were e i t h e r p r e s e n t e d i n a r i g h t 

or a l e f t f a c i n g manner, t h i s b e i n g randomly 

chosen f o r e a c h S, except t h a t t h e f i r s t s t i m u l u s 

was always t h e f u l l drawing f a c i n g i n t h e same 

d i r e c t i o n a s the S had j u s t s e e n . A l l s t i m u l i 

were p r e s e n t e d f o r 10s, 

A f t e r v i e w i n g t h e s e s t i m u l i t h e S was shown 
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the c a l i b r a t i o n s l i d e and asked to f i x a t e the 

c e n t r e of each numbered c i r c l e i n t u r n and to 

p r e s s the r i g h t hand button as he d i d so. 

At the end of the experiment the S was asked 

i f he had any i d e a what the experiment i n v o l v e d . 

6.2.5. R e s u l t s 

Data a n a l y s i s . The eye movements of the 5 Ss 

were a n a l y s e d f o r each e x p e r i m e n t a l c o n d i t i o n u s i n g 

both of the p r e v i o u s l y d e s c r i b e d s c o r i n g methods. 

Readings were g e n e r a l l y taken of every 10^ 

t e l e v i s i o n frame except when the S b l i n k e d or 

a l t e r e d h i s res p o n s e . As soon as one of the response 

l i g h t s appeared on the monitor the video r e c o r d e r 

was stopped and a r e a d i n g taken. S i m i l a r l y as soon 

as an e x i s t i n g response l i g h t p r e s e n t on the 

monitor began to dim a r e a d i n g of f i x a t i o n p o s i t i o n 

was taken. These r e a d i n g s of the beg i n n i n g or end 

of a S's response were then c o r r e c t e d f o r the l a g 

i n h e r e n t i n the combination of the camera l a g f o r a bright 

l i g h t and a l s o the r i s e time of the response l i g h t s . 

T h i s combined d e l a y was some 2 t e l e v i s i o n frames ( 0.04s). 

The a n a l y s i s program then reduced t h i s c o r r e c t e d 

data by t a k i n g a weighted mean of any s e q u e n t i a l 

f i x a t i o n s f a l l i n g w i t h i n + 0.5° of one another. T h i s 

was to p a r t l y c o r r e c t f o r the a c c u r a c y of the 

technique where an e r r o r of t h i s magnitude may 

r e p r e s e n t a measurement of the same f i x a t i o n p o s i t i o n . 

T h i s procedure d i d not apply to any f i x a t i o n 

i n v o l v i n g a change of response s t a t e or a b l i n k . 
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The s t i m u l u s s l i d e s had p r e v i o u s l y been 

p r o j e c t e d on to graph paper and from t h i s c o - o r d i n a t e s 

were taken of the o u t l i n e s t i m u l u s which were then 

used i n the p l o t t i n g program to produce a f a c s i m i l e 

with the f i x a t i o n p o s i t i o n s superimposed. 

The eye movements o b t a i n e d i n the f i r s t 4 

e x p e r i m e n t a l c o n d i t i o n s a r e shown p l o t t e d as arrows 

j o i n i n g each s e q u e n t i a l f i x a t i o n p o s i t i o n . A dotted 

l i n e i n d i c a t e s the eye movement o c c u r r i n g d u r i n g a 

b l i n k . 

For the s t i m u l u s c o n d i t i o n s i n v o l v i n g the 

ambiguous l i n e drawing the number of f i x a t i o n s 

on or near each of the 4 elements was c a l c u l a t e d . 

F i r s t the a n a l y s i s program e s t i m a t e d the f i x a t i o n 

d e n s i t y p e r degree, c o n s i d e r i n g the s t i m u l u s as a 

mat r i x ( 24 x 16 s q u a r e s ) and summing the number 

of f i x a t i o n s o c c u r r i n g i n each square. 

No element was encompassed by a s i n g l e square 

i n t h i s manner and so a number of s q u a r e s around 

each element were taken t o r e p r e s e n t a f i x a t i o n on o r 

near t h a t p a r t i c u l a r element which a l l o w e d f o r e r r o r s 

of measurement. T h i s was done so t h a t i n g e n e r a l a 

f i x a t i o n f a l l i n g w i t h i n 1.5° of any p a r t of one of 

the elements was i n c l u d e d and where e v e r y 'element 

are a ' was r e p r e s e n t e d by an e q u a l number of such s q u a r e s 

( 9 ) as shown i n F i g u r e 6,2. The number of f i x a t i o n s 

per 'element a r e a ' i s shown f o r each S i n the graphs 

accompanying each of the d a t a p l o t s where i t i s 

e x p r e s s e d a s a p e r c e n t a g e o f the t o t a l number of 
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F i g u r e 6.2 The s t i m u l u s d i v i d e d i n t o the m a t r i x of 
o 1 s q u a r e s showing the 4 'element a r e a s 

F i g u r e 6.3 The f a c e s t i m u l u s and the p a t t e r n of eye 
movements of s u b j e c t SW when p r e s e n t e d 
w i t h i t . 
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f i x a t i o n s on t h a t s t i m u l u s . The o v e r a l l p e r c e n t a g e 

of f i x a t i o n s made* by each S i n a l l 4 'element a r e a s ' 

i s given above each graph. 

Noton and S t a r k s t i m u l u s . A t y p i c a l example 

of a p a t t e r n of eye movements found f o r t h i s s t i m u l u s 

i s shown i n F i g u r e 6.3 . F i x a t i o n s tended to be at 

i n f o r m a t i v e p o i n t s i n the o u t l i n e . 

Naive p r e s e n t a t i o n of the ambiguous f i g u r e . 

F i g u r e 6 • 4 ( a ) s h o w s the p a t t e r n of eye movements 

of each S upon f i r s t p r e s e n t a t i o n of t h i s s t i m u l u s . 

The p a t t e r n s demonstrate c o n c e n t r a t i o n upon the 

f a c i a l a r e a of the s t i m u l u s . Four of the Ss 

scanned the 4 e l e ments of the ambiguous f i g u r e w i t h 

most f i x a t i o n s c o n c e n t r a t i n g upon the E/EC and YE 

elements. One s u b j e c t (AS) c o n c e n t r a t e d e x c l u s i v e l y 

on the E/EC element w i t h some movement towards the 

YE element. T h i s i s shown i n the accompanying graphs 

( F i g u r e 6 . 4 ( b ) ) where a l l S s made most f i x a t i o n s i n 

an a r e a encompassing the E/EC element w i t h the YE 

element a r e a b e i n g the n e x t most o f t e n f i x a t e d . 

Young woman a s p e c t . When asked to c o n c e n t r a t e 

upon the YW a s p e c t the s c a n n i n g p a t t e r n s o b t a i n e d 

are shown i n F i g u r e 6 . 5 ( a ) . Compared to the p r e v i o u s 

c o n d i t i o n the f i x a t i o n s were l i m i t e d to the upper 

p a r t of the face, c o n c e n t r a t i n g on the YE element o r 

both the YE and E/EC e l e m e n t s . Two S s o n l y 

c o n c e n t r a t e d on t h e s e 2 e l e m e n t s o r p o i n t s i n 

between. 2 o t h e r S s (PS and SW) a l s o encompassed 

the CL element but, a g a i n , showed a c o n c e n t r a t i o n 
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of f i x a t i o n upon the YE element. EP c o n c e n t r a t e d 

on the YE element but a l s o scanned once around t h e 

g e n e r a l f a c i a l a r e a of the s t i m u l u s . 

The c o n c e n t r a t i o n o f f i x a t i o n s upon the YE 

or E/EC e l e m e n t s i s shown i n the graphs i n F i g u r e 6 . 5 ( b ) . 

Three Ss f i x a t e d most i n the YE a r e a w i t h the E/EC 

a r e a b e i n g the n e x t most o f t e n f i x a t e d . Two S s (AS 

and L S ) made more f i x a t i o n s i n the E/EC a r e a . A l l 

4 Ss showed complete absence of f i x a t i n g the M a r e a 

and f o r 2 S s ( E P and L S ) the CL a r e a was a l s o not 

scanned. 

Old woman a s p e c t . I n r e s ponse to the 

i n s t r u c t i o n to c o n c e n t r a t e on the OW a s p e c t f o r 10s 

the r e s u l t i n g eye movements are shown i n F i g u r e 6.6. 

The s c a n n i n g p a t t e r n s do not encompass the YE 

element i n s t e a d they c l u s t e r around the M, E/EC 

and CL e l e m e n t s . S u b j e c t AS o n l y encompassing the 

E/EC and the CL e l e m e n t s . The m a j o r i t y o f f i x a t i o n s 

f o r each S f e l l i n e i t h e r the E/EC o r CL a r e a ( F i g u r e 

6 . 6 ( b ) ) . The YE a r e a was r a r e l y f i x a t e d and a l s o 

the M a r e a was f i x a t e d by 3 S s on about 10% of 

the time. Both o f t h e s e r e s u l t s a r e i n c o n t r a s t 

to those f o r t h e p r e v i o u s c o n d i t i o n . 

A l t e r n a t i o n c o n d i t i o n s . I n t h e r e m a i n i n g 6 

c o n d i t i o n s S s a l t e r n a t e d between the two a s p e c t s . 

These a r e i n i t i a l l y c o n s i d e r e d w i t h r e f e r e n c e t o 

Figures 6.7-6.12. These F i g u r e s show the f i x a t i o n 

l o c a t i o n s o f t h e 5 S s p l o t t e d a c c o r d i n g to t h e i r 

response s t a t e f o r e a c h s t i m u l u s c o n d i t i o n . A 
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key to the i n t e r p r e t a t i o n of the symbols used i n 

these p l o t s i s given w i t h F i g u r e 6.7 . The i n i t i a l 

NC response i s the S's f i x a t i o n p o s i t i o n when the 

c e n t r a l f i x a t i o n c r o s s was p r e s e n t . The ST s t a t e 

r e p r e s e n t s the f i x a t i o n l o c a t i o n when the s t i m u l u s 

was i n i t i a l l y p r e s e n t e d . YW and OW r e p r e s e n t 

young woman and o l d woman andNR i s when n e i t h e r 

response button r e p r e s e n t i n g t h e s e 2 a l t e r n a t e 

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

When the S s a l t e r n a t e d between each a s p e c t 

of the f u l l l i n e drawing f i x a t i o n s c l u s t e r e d 

around the f o u r elements ( F i g u r e 6 . 7 ( a ) ) . A s i n the 

p r e v i o u s two c o n d i t i o n s the YW a s p e c t was g e n e r a l l y 

r e p o r t e d i n the a r e a of t h e YE-E/EC elements, 

whereas the OW a s p e c t was r e p o r t e d between the E/EC 

and the M element. S u b j e c t LS r e p o r t e d OW near 

the E/EC element and YW n e a r the YE element. 

The p e r c e n t a g e of f i x a t i o n s made i n each 'element 

a r e a ' i s shown i n F i g u r e 6 . 7 ( b ) . Two S s (AS and L S ) 

made most f i x a t i o n s n e a r t h e E/EC element whereas 

the o t h e r Ss made more f i x a t i o n s n ear the YE element. 

I n the absence of the YE element ( F i g u r e 6 . 8 ( a ) ) 

YW was s t i l l r e p o r t e d and S's s t i l l f i x a t e d i n 

t h i s p a r t o f the s t i m u l u s . Four S s f i r s t r e p o r t e d 

the YW a s p e c t . E a c h S r e p o r t e d YW o r OW a s p e c t s i n 

s i m i l a r r e g i o n s o f the s t i m u l u s as f o r the p r e v i o u s 

c o n d i t i o n . F o r a l l S s t h e m a j o r i t y of f i x a t i o n s f e l l 

i n an a r e a encompassing the E/EC element w i t h t h e YE 

element a r e a b e i n g n e x t most f a v o u r e d ( F i g u r e 6 . 8 ( b ) ) . 
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In the absence of the M element ( F i g u r e 6.9 ( a ) ) 

3 Ss f i r s t r e p o r t e d the OW and 1 S the YW a s p e c t . 

Only 1 s u b j e c t ( E P ) f i x a t e d where the M element 

would have been, the o t h e r 4 Ss f i x a t e d i n the 

upper p a r t of the f a c e and near the CL element. T h i s i s 

made c l e a r i n F i g u r e 6.9(b) where the h i g h e s t 

percentage of f i x a t i o n s made by each S was i n the E/EC 

are a . Young o r o l d woman was g e n e r a l l y r e p o r t e d by 

each S i n s i m i l a r p a r t s of the s t i m u l u s as when they 

a l t e r n a t e d on the f u l l l i n e drawing. 

When the E/EC was absent ( F i g u r e 6 . 1 0 ( a ) ) a l l 

Ss s t i l l f i x a t e d i n t h i s a r e a of the s t i m u l u s . For 

3 Ss t h i s s t i m u l u s a r e a ( F i g u r e 6 . 1 0 ( b ) ) was the most 

o f t e n f i x a t e d a l t h o u g h f o r 2 Ss ( L S and SW) the YE 

ar e a was as e q u a l l y o f t e n favoured. Again the M a r e a 

was g e n e r a l l y f i x a t e d l e a s t . Each S aga i n tended t o 

f i x a t e b r o a d l y s i m i l a r s t i m u l u s r e g i o n s as f o r the f i r s t 

a l t e r n a t i o n c o n d i t i o n . 

When the CL element was m i s s i n g ( F i g u r e 6 . 1 1 ( a ) ) 

only 3 Ss (PS,SW and EP) f i x a t e d i n t h i s r e g i o n . Three 

Ss r e p o r t e d YW or OW i n s i m i l a r r e g i o n s of the s t i m u l u s 

as i n the f i r s t a l t e r n a t i o n c o n d i t i o n . EP on l y 

r e p o r t e d the YW a s p e c t even when f i x a t i n g towards 

the 'nose' of the o l d woman whereas AS on l y f i x a t e d 

near the YE and E/EC elem e n t s . From F i g u r e 6.11(b) 

f o r 3Ss the E/EC a r e a was f i x a t e d most and f o r 2 S s 

(SW and EP) the YE a r e a was most o f t e n f i x a t e d . 

When none of the el e m e n t s were p r e s e n t i n the 

s t i m u l u s S s f i x a t e d i n s i m i l a r r e g i o n s as had p r e v i o u s l y 
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been occupied by elements(Figure 6.12(a)). An area 
encompassing the E/EC element (Figure 6.12(b)) 
received the gr e a t e s t number of f i x a t i o n s w i t h the YE 
area being the next most favoured by a l l Ss. 

In the graphs of Figures 6.4-6.12 the o v e r a l l 
number of f i x a t i o n s made i n the defined 'element 
areas' i s shown as a percentage of the t o t a l number 
of f i x a t i o n s made on the stimulus i n the 10s p e r i o d . 
The percentage of f i x a t i o n s f a l l i n g i n these regions 
ranges from 41.1 - 100% wi t h an o v e r a l l mean of 
79.4%. For each S across a l l the 9 ambiguous f i g u r e 
conditions the m a j o r i t y of f i x a t i o n s i ' e l l i n these areas. 
This can be expressed as an o v e r a l l percentage f o r each S as 

f o l l o w s ; f o r SW- 84.4%,PS-77.5%,AS-89.2%,EP-73. 2%fLS-72.6%. 
A l t e r n a t i o n eye movements. The same co n d i t i o n s are 

p l o t t e d i n a d i f f e r e n t format i n Appendix F . 
Again the S's response s t a t e i s given by s i m i l a r 
symbols. Each time there i s a change i n the 
response an arrow i s used t o j o i n the two f i x a t i o n 
l o c a t i o n s . B l i n k s during the change of response 
are shown by a do t t e d l i n e . The f i x a t i o n l o c a t i o n 
immediately before the S's f i r s t response ( t h i s 
being YW or OW) i s shown c i r c l e d . The response 
state of YW, OW or NR (no response) i s also shown 
fo r each S i n an accompanying graph t o the a c t u a l 
p l o t s of f i x a t i o n p o s i t i o n s . Each graph represents 
these 3 response s t a t e s over the 10s p e r i o d of the 
experiment and shows the f i x a t i o n times, saccade 
lengths and b l i n k occurrence f o r each S. An 
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explanation of these graphs i s given at the 
beginning of Appendix F . 

From these p l o t s showing the eye movement dur i n g 
a change of response i t i s evident that no S f i x a t e s 
exactly the same p a r t of the stimulus during 
a l t e r n a t i o n on a s i n g l e s t i m u l u s . Although f o r 
some Ss over a l l the c o n d i t i o n s there i s some general 
consistency i n these a l t e r n a t i o n movements. 

For instance, EP makes a large v e r t i c a l movement 
approximately between the E/EC and M elements on 4 
s t i m u l i . Also f o r each c o n d i t i o n a l l 5 Ss a l t e r n a t e 
across d i f f e r e n t areas of the stimulus although 
there i s evidence i n many cases of a l t e r n a t i o n 
that the E/EC element i s f i x a t e d . 

A l l Ss e x h i b i t e d saccades i n the NR s t a t e 
between responding young or o l d woman. One S (PS) 
p a r t i c u l a r l y made several eye movements w h i l s t 
not responding as e i t h e r aspect. 

The eye movement between the change of the 
S's response can be considered w i t h reference 
to the 'element areas' as defined i n Figure 6.2. In 
t h i s way these movements can be categorised as 
occurring w i t h i n or between c e r t a i n areas. Table 
6.1 shows the number of times such movements were 
made i n each 'element area' f o r each S on the 6 
a l t e r n a t i o n c o n d i t i o n s . The i n i t i a l changes from 
NO and ST t o NR s t a t e s are not included i n t h i s data. 
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Most of these a l t e r n a t i o n eye movements occurred 
w i t h i n e i t h e r the E/EC or YE element areas f o r a l l 
Ss. I n d i v i d u a l d i f f e r e n c e s are apparent such t h a t 
each S tended t o use s i m i l a r a l t e r n a t i o n eye 
movements between or w i t h i n such 'element areas' on 
a l l the stimulus con d i t i o n s . For example, f o r 5 of 
the s t i m u l i LS made movements between the YE and E/EC 
areas whereas SW made movements between the E/EC 
and CL areas on 4 of the s t i m u l i . 

These a l t e r n a t i o n eye movements are f u r t h e r 
enlarged upon i n the f o l l o w i n g discussion. 

General r e s u l t s . The response sequence together 
with the occurrence of b l i n k i n g i s shown i n Table 6.2 . 
Most Ss re p o r t e d some 3 a l t e r n a t i o n s i n the 10s 
period f o r each s t i m u l u s . One S (EP) showed a low 
a l t e r n a t i o n r a t e . For one c o n d i t i o n only r e p o r t i n g 
the YW aspect and on 4 c o n d i t i o n s only changing 
once between aspects. I n co n t r a s t LS repor t e d each 
aspect twice on f o u r occasions. B l i n k i n g was 
evident f o r 4 of the Ss both d u r i n g the response of 
young or o l d woman as w e l l as i n the i n t e r v e n i n g 
changeover between these two response s t a t e s . As 
shown i n the graphs i n AppendixF b l i n k i n g sometimes 
e f f e c t i v e l y produced a large change i n f i x a t i o n 
l o c a t i o n as shown by lonp 'saccade lengths. 
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Table 6.3 shovs the t o t a l number of f i x a t i o n s , 
the t o t a l f i x a t i o n limes and t o t a l saccade lengths 
made i n each of the three response s t a t e s by 
the Ss i n every a l t e r n a t i o n c o n d i t i o n . Here the 
response s t a t e i s taken from the moment the 
stimulus was presented ( i . e . i t includes the ST 
s t a t e ) . 

A f t e r the experiment no S reported any 
awareness t h a t h i s eye movements had been recorded 
and a l l expressed s u r p r i s e t h a t t h i s had been the 
case. The Ss regarded the experimenter as simply 
r e c o r d i n g the d u r a t i o n d u r i n g which e i t h e r the 
young or the o l d woman aspects were reported. 
When questioned as t o t h e i r response procedure 
a l l a f f i r m e d t h a t they had kept the appropriate 
response b u t t o n depressed during the time t h a t 
each aspect was perceived. 
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6 U2 06„ Discussion 
The Noton and Stark face stimulus was 

presented f i r s t t o see i f Ss f i x a t e d s i m i l a r 
regions on t h i s l i n e drawing of a face as on the 
ambiguous l i n e drawing. Patterns of eye 
movements on t h i s stimulus demonstrated t h a t Ss 
f i x a t e d i n f o r m a t i v e f a c i a l regions such as the 
eye. On i n i t i a l p r e sentation of the l i n e drawing 
of the ambiguous f i g u r e each S e x h i b i t e d a 
d i f f e r e n t p a t t e r n of scanning w i t h f i x a t i o n s 
concentrating on the E/EC and YE elements ( i . e . the eyes). 
I n d i v i d u a l d i f f e r e n c e s i n eye movement p a t t e r n s have 
been reported elsewhere (Buchsbaum, Pfefferbaum and 
St i l l m a n , 1972) and there are many reports of Ss 
f i x a t i n g i n f o r m a t i v e stimulus regions (e.g. 
Baker and Loeb, 1973; Zusne and Michels, 1964; 
Yarbus,1967 ; Buswell,1935 ). Such in f o r m a t i v e 
regions i n the present experiment are considered t o 
be the p i c t o r i a l elements of the stimulus. 

When asked t o concentrate on the young or o l d 
woman aspects then f i x a t i o n s were l i m i t e d t o 
d i s t i n c t l y d i f f e r e n t areas of the stimulus. For 
the YW aspect f i x a t i o n s occurred between the YE 
and E/EC elements, whereas f o r the OW f i x a t i o n s 
were between the E/EC and M elements. This i s as 
was hypothesised and confirms the r e s u l t s of 
Experiment 1 which demonstrated t h a t as a 
c o n t r o l l e d f i x a t i o n p o s i t i o n moved towards the YE 
element then more YW responses were obtained. In 
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contrast more OW responses were found f o r f i x a t i o n 
l o cations lower i n the p i c t u r e p a r t i c u l a r l y towards 
the rear of the M element. 

These r e s u l t s confirm those of Sakano (1963) 
who asked Ss t o s i m i l a r l y concentrate on the YW or 
the OW aspect of Boring's ambiguous f i g u r e and 
obtained the p a t t e r n s of eye movements shown i n 
Figure 2.2 . When asked t o concentrate on the YW 
aspect, eye movements were l i m i t e d t o the upper p a r t 
of the face and on what here have been termed the 
YE and E/EC elements. When asked t o 'watch' the 
fi g u r e as an o l d woman eye movements occurred over 
the whole of the face region and not j u s t on one 
part of i t . The p a t t e r n s obtained i n the present 
experiment were much more r e s t r i c t e d than were 
obtained by Sakano, possibly due t o the use here 
of an o u t l i n e drawing of the stimulus. 

When the S subsequently a l t e r n a t e d between the 
two aspects on the f u l l l i n e drawing then again the 
OW aspect was reported between the M and E/EC 
elements and YW i n the YE-E/EC area. One S (LS) 
did not f i x a t e low i n the p i c t u r e at a l l , but s t i l l 
reported YW near the YE aspect and OW near the E/EC. 
Again t h i s f u r t h e r (Dnfirmed the d i s t r i b u t i o n of 
responses f o r d i f f e r e n t f i x a t i o n p o s i t i o n s across 
the stimulus. 

When viewing the stimulus without the YE 
element then i t was hypothesised t h a t the f i r s t 
response would be t o the OW aspect. Instead 4 Ss 
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f i r s t responded YW aspect. The OW response had been 
predicted on the basis of the previous demonstration 
(Experiment 4 and 5) t h a t s t i m u l i without t h i s 
element present were responded to as the OW. Here the 
i n i t i a l f i x a t i o n p o s i t i o n was c e n t r a l on the 
stimulus and i t was thought t h a t the f i r s t eye 
movement would be towards the M element thus 
e l i c i t i n g an OW response. Instead, a l l Ss f i r s t 
made movements i n the upper p a r t of the f a c i a l area(Figure 
F.2, Appendix F)t 3 Ss executed movements towards the 
missing YE element and a l l of these reported YW. 
Two Ss reported YW f i r s t w hile f i x a t i n g near the 
E/EC. This f i n d i n g of YW response i s then i n 
agreement w i t h the afterimage experiments which 
showed t h a t f i x a t i n g i n the upper p a r t of the 
f a c i a l area produced a greater l i k e l i h o o d of a YW 
response whether or not the YE element was present. 
When the M element was omitted a f i r s t response of 
YW was hypothesised t o occur, again on the basis of 
the previous r e s u l t s of Experiments 4 and 5. Instead, 
i n 4 cases an OW response was f i r s t given (Table 6.2). 
From Figure F.3 (Appendix F ) two Ss (LS and EP) 
f i r s t executed an eye movement towards the lower p a r t 
of the f a c i a l region before responding as OW, 2 
other Ss (AS and PS) w h i l s t f i x a t i n g near the E/EC 
reported OW and YW f i r s t . The remaining S reported 
OW f i r s t w h i l s t f i x a t i n g near the E/EC element. 

Subsequent f i x a t i o n s on t h i s stimulus d i d not 

generally encompass the area of the M element. When 



433 

the CL or E/EC were omitted no consistent e f f e c t of 
f i r s t response or an i n i t i a l eye movement d i r e c t i o n 
before a f i r s t response was given was found (Figures F.4 and 
F.5,Appendix F).In the absence of the E/EC element 
f i x a t i o n s i n t h i s stimulus region s t i l l occurred, 
PS was the only S who f i x a t e d on the region of the 
CL when t h i s l a t t e r element was absent. Complete 
absence of a l l elements (Figure 6.12 and Figure F.6) 
e l i c i t e d f i x a t i o n s i n the regions of the missing 
elements. 

I n these conditions of one or a l l missing 
elements the f i n d i n g t h a t Ss s t i l l f i x a t e d i n such 
'missing-element' regions can be i n t e r p r e t e d i n two 
ways. F i r s t l y , t h i s l i n e drawing stimulus i s very 
simple ( i t was constructed i n t h i s way f o r reasons 
described i n Chapter 3) and so a missing element i n 
a free viewing s i t u a t i o n i s very obvious. The S 
may then f i x a t e t h i s region simply as p a r t of a search 
strategy f o r t h i s element. Secondly, the S may need 
to f i x a t e t h i s area i n order t o respond as one 
p a r t i c u l a r aspect. 

Both i n t e r p r e t a t i o n s are consistent w i t h a 
schematic map proposal where the S's map e f f e c t i v e l y 
' t e l l s ' him where to f i x a t e so as t o maximise the 
l i k e l i h o o d of one aspect's response. This i s 
c e r t a i n l y the case from the d i s t r i b u t i o n of the S's 
responses of young or o l d woman. I n d i v i d u a l 
d i f f erences i n such schematic maps would also have 
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to be pr e d i c t e d t o explain the d i f f e r e n t f i x a t i o n 
l o c a t i o n s e x h i b i t e d by the d i f f e r e n t Ss (e.g. AS 
shows f i x a t i o n d i s t r i b u t i o n s concentrating f o r a l l the 
s t i m u l i around the E/EC element). 

One of the c h a r a c t e r i s t i c s of a schematic 
map as proposed by Hochberg (1970^)is to t e l l the 
S what t o expect at some l o c a t i o n and i f t h i s 
information i s not subsequently found then the map 
has to be capable of a l t e r a t i o n to accommodate t h i s . 
The present r e s u l t s suggest t h a t i n the case of the 
d i f f e r e n t versions of the ambiguous f i g u r e the map 
di d not change but r a t h e r i t acted t o 'drive' the 
S to f i x a t e a p a r t i c u l a r stimulus area whether or 
not the expected element was present there. This agrees 
w i t h other work which has demonstrated a f a i l u r e 
of a S t o r e p o r t missing p a r t s of a stimulus display 
even when such p a r t s are grossly obvious, e.g. 
Tuddenham (1962) found f a i l u r e s t o notice an 
amputated female breast on a chest x-ray and Gale, 
Johnson and Worthington (1979) report a s i m i l a r 
example w i t h a leg amputee. 

When f l u c t u a t i o n s occurred f i x a t i o n s were 
subsequently made to an area, as determined i n the 
afterimage experiments, favouring e i t h e r the YW or 
OW aspect. As discussed i n Chapter 2 previous 
research has attempted t o determine whether a 
saccade precedes or f o l l o w s a change i n the S's 
response of perceived aspect. As also pointed out 
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i n t h a t chapter the 'high p r o b a b i l i t y areas' or 
elements of the stimulus are t y p i c a l l y not 
pr e v i o u s l y determined so t h a t the occurrence of an 
eye movement t o such an area can be ascertained. 
Here such elements were pre v i o u s l y determined. 

The i n s t r u c t i o n s to Ss were to re p o r t any 
f l u c t u a t i o n s , they were not i n s t r u c t e d t o d r i v e 
such f l u c t u a t i o n s as f a s t as possible or t o 
attempt t o i n h i b i t them ( e s s e n t i a l l y the i n s t r u c t i o n s 
to concentrate on e i t h e r aspect are such 'hold one 
aspect* i n s t r u c t i o n s ) . The dual button response 
was f i r s t p r actised by Ss and was used t o permit a 
'neither aspect' response. What i s apparent from 
the Figures presented i n Appendix F showing the 
time course o f these f l u c t u a t i o n s i s t h a t such a 
no response s t a t e was found f o r every S. This 
was not simply due t o the response procedure as 
several saccades were made during t h i s time and 
i n d i v i d u a l d i f f e r e n c e s were found i n the d u r a t i o n 
of such no response times (e.g. PS e x h i b i t e d long 
no response times w i t h many saccades f o r these 
stimulus c o n d i t i o n s ) . I n t h i s experiment the 
f l u c t u a t i o n from one aspect t o the other i n v o l v e d 
several i n t e r v e n i n g eye movements w i t h n e i t h e r aspect 
being r e p o r t e d by the S. This no response p e r i o d 
may then r e f l e c t 'perceptual i d l i n g ' w i t h f i x a t i o n s 
being made w i t h no d e f i n i t e e xpectation of a 
p a r t i c u l a r aspect- However, i n no case d i d the S r e v e r t 
the previous response and so t h i s p e r i o d r e a l l y i s 
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where n e i t h e r aspect was c l e a r l y perceived. 
Of p a r t i c u l a r i n t e r e s t are those changes 

representing a l t e r n a t i o n from YW or OW t o the NR 
sta t e or vice versa. These occur at various p o i n t s 
i n the stimulus and each i n d i v i d u a l e x h i b i t s some 
consistency i n these l o c a t i o n s over the d i f f e r e n t 
stimulus c o n d i t i o n s (Table 6.1). On some occasions 
the eye movement made before a change of response 
was i n d i c a t e d occurred from one 'element area' t o 
another f a v o u r i n g the a l t e r n a t e aspect but i n the 
ma j o r i t y o f cases a change of response was not 
immediately preceded by an eye movement from one 
'element area' t o another. Most of these movements 
occurred w i t h i n e i t h e r the YE or E/EC 'element areas'. 
This confirmed the hypothesis t h a t a l t e r n a t i o n can 
occur without a major change i n f i x a t i o n l o c a t i o n 
although the f i n d i n g s of the i n t e r v e n i n g 'no response' 
s t a t e between young and o l d woman responses complicates 
t h i s . 

E l l i s and Stark(1978) found t h a t the f i x a t i o n 
time before a change of response on the Necker cube 
was longer than usual i n t e r p r e t i n g t h i s e x t r a time as 
necessary f o r th e ' r e - o r g a n i s a t i o n ' of the response. 
In the present experiment the NR s t a t e complicates 
exactly which f i x a t i o n ought t o be regarded as the 
'or g a n i s a t i o n a l ' one - the l a s t one of a response or the 
l a s t one of the NR s t a t e - and also the technique of 
reducing the data by combining adjacent f i x a t i o n s 
except when a change of response occurs r e s u l t s i n the 
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m a j o r i t y of these f i x a t i o n times being 0.2s. For 
these reasons such analysis of these times was not 
pursued. 

One technique of changing f i x a t i o n l o c a t i o n 
was b l i n k i n g which was found f o r 4 Ss (Table 6.2 ). 
This occurred both during a response of YW or OW 
and during the change from one response to the 
other. B l i n k i n g has pr e v i o u s l y been reported t o 
be a technique used by some Ss t o a l t e r perception 
of such s t i m u l i - as discussed i n section 2.3.9. 

The f i x a t i o n p o s i t i o n of a S d i d not always 
coincide w i t h a p o i n t on the stimulus display. This 
i n some instances represents the e r r o r of 
measurement of the recording technique but i n 
many cases i t demonstrates an ac t u a l f i x a t i o n not 
on p a r t of the stimulus. This also occurred f o r 
the f i r s t f i x a t i o n of a new response a f t e r a l t e r n a t i o n . 
The tendency f o r Ss not t o f i x a t e the M element a 
great deal may p o s s i b l y be r e l a t e d t o the a b i l i t y 
t o u s e f u l l y perceive t h i s element p e r i p h e r a l l y . This 
was demonstrated i n Experiments 2 and 3 where 
a l t e r i n g t h i s element a f f e c t e d Ss responses even 
when they were f i x a t i n g higher up i n the stimulus. 

For each S f i x a t i o n s tended t o recur i n 
approximately the same l o c a t i o n s . This i s shown by 
the superimposition of f i x a t i o n s and by the percentage 
of f i x a t i o n s o c c u r r i n g i n each element area. Such 
r e p e t i t i v e eye movements have e a r l i e r been reported 
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by Yarbus (1967) and also Zusne and Michels (1964). 
Noton and Stark (1971a, b,c ) argued t h a t such 
movements were r e l a t e d t o the r e c o g n i t i o n of the 
stimulus. They proposed t h a t the actual sequence 
of eye movements and f i x a t i o n l o c a t i o n s were 
involved i n the representation of th a t stimulus 
i n memory. This i s r a t h e r l i k e the schematic map 
proposal except t h a t Noton and Stark argued t h a t 
f o r the l a t e r r e c o g n i t i o n of the stimulus e s s e n t i a l l y 
the same sequence of eye movements and f i x a t i o n s 
(termed a scanpath), as performed by the S when 
lea r n i n g the stimulus, i s then executed. To allow 
f o r i n t e r n a l i s e d a t t e n t i o n s h i f t s the i n t e r n a l 
representation of the stimulus, a feature r i n g , was 
elaborated i n t o a feature network w i t h the scanpath 
being a p r e f e r r e d sequence i n t h i s network. 

The scanpath proposal has not been without i t s 
c r i t i c s (e.g. S p i t z , 1971; Didday and Arbid, 1975). 
Locher and Nodine (1972), using simple random 
shapes, found such scanpaths i n about h a l f of t h e i r 
Ss' eye movement p a t t e r n s but without any i n d i c a t i o n 
t h a t they helped a i d r e c o g n i t i o n . Gould (1967) has 
also reported r e g u l a r scanning sequences although 
other work has not found them (e g. Mackworth and 
Bruner, 1970). Mackworth (1967) has argued t h a t 
eye movements e s s e n t i a l l y assemble a p a t t e r n image 
i n memory i n any order, not i n a p a r t i c u l a r sequence 
as i n a scanpath. 
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Eye movements and f i x a t i o n s may be involved i n 
the r epresentation of an object i n memory (e.g.Loftus,1972) 
but such movements are not s o l e l y determined by an 
i n t e r n a l plan as i n Noton and Stark's theory. 
Walker-Smith, Gale and Findlay (1977 ),in a face 
r e c o g n i t i o n task, have reported regular scanning 
sequences which d i f f e r e d between Ss. I t was 
proposed t h a t these sequences d i d represent some 
s t r u c t u r i n g of the eye movements and f i x a t i o n s 
but t h a t t h i s was not s o l e l y a r e s u l t of the i n t e r n a l 
strategy determiningthe next f i x a t i o n . Rather, 
i t was argued t h a t p e r i p h e r a l i n f o r m a t i o n executed 
some c o n t r o l over the next f i x a t i o n l o c a t i o n i n 
i n t e r a c t i o n w i t h the i n t e r n a l schema, a proposal 
s i m i l a r t o t h a t f o r the present s t i m u l i . This work 
was c a r r i e d out w i t h the same equipment as used i n 
the present experiment and the published paper i s 
included as AppendixG . 

I t i s proposed then t h a t the S, through f i r s t 
f a m i l i a r i s i n g himself w i t h the ambiguous f i g u r e , has 
acquired two schematic maps. The d i f f e r e n t elements 
of the ambiguous f i g u r e are e s s e n t i a l l y weighted 
i n t h e i r r e presentation of each aspect i n these maps. 
As the S views the stimulus h i s eye movements are 
determined both by p e r i p h e r a l v i s u a l i n f o r m a t i o n 
and by the ongoing t e s t i n g process of the current 
map. F l u c t u a t i o n s occur when t h i s t e s t i n g o f the 
schematic map expectations f a l t e r s and f i x a t i o n s are 
subsequently made w i t h l i t t l e or no d e f i n i t e 
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expectation which then leads t o the i n s t i g a t i o n 
of the a l t e r n a t e map being t e s t e d . The model of 
t h i s process i s developed i n the next chapter. 

6.3. SUMMARY 
This experiment i n which Ss' eye movements were 

recorded as they viewed the ambiguous f i g u r e f u r t h e r 
confirmed the e a r l i e r r e s u l t s t h a t each aspect 
of the ambiguous f i g u r e was favoured by f i x a t i o n 
i n d i f f e r e n t areas of the stimulus. I t i s argued 
t h a t t h i s represents the S attending t o d i f f e r e n t 
stimulus elements. 

The afterimage experiments demonstrated t h a t 
i f f i x a t i o n p o s i t i o n was not changed but the 
presence of elements were a l t e r e d then t h i s a f f e c t e d 
the response of f i g u r e . I n the present experiment 
when Ss could f r e e l y view the stimulus then a l t e r i n g 
elements d i d not a f f e c t t h e i r f i x a t i o n l o c a t i o n 
on the stimulus. Ss o f t e n f i x a t e d where the missing 
elements should have been. This was i n t e r p r e t e d as 
demonstrating t h a t i n t h i s case the schematic map 
aets t o 'over-ride' the stimulus i n f o r m a t i o n . 

Previous experiments (Experiments 4 and 5) showed 
t h a t a S's immediate response t o a l t e r e d versions 
of the stimulus was a f f e c t e d by which elements were 
present i n the di s p l a y . I n the present experiment 
Ss a l t e r n a t e d on the stimulus and i n so doing f i x a t e d 
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stimulus areas which had a high p r o b a b i l i t y of 
representing one aspect. The act of a l t e r n a t i o n 
was accompanied by a p e r i o d i n which no response 
was made. This may represent perceptual i d l i n g 
as suggested by Hochberg (1970a). 
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C H A P T E R 7 

CONCLUSIONS 
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7.1. OVERVIEW 
The work presented i n t h i s t h e s i s has 

in v e s t i g a t e d the r o l e of eye movements i n f i g u r e 
perception by f i r s t e l u c i d a t i n g the d i s t i n c t i o n 
between f i g u r e and ground and then considering 
the d i f f e r e n t types of s t i m u l i which can give r i s e 
t o more than the one i n t e r p r e t a t i o n of f i g u r e . 
These were c l a s s i f i e d as ambiguous or r e v e r s i b l e 
perspective f i g u r e s . The importance of such s t i m u l i 
i s t h a t they enable examination of how the response 
of f i g u r e has occurred. 

Much previous research has e i t h e r d i r e c t l y 
or i n d i r e c t l y examined whether eye movements are 
involved i n t h i s perception of f i g u r e . The main 
i n t e r e s t has been whether eye movements are causally 
r e l a t e d t o f i g u r e perception such t h a t a movement 
has to be made before the stimulus i s perceived t o 
change from representing the one f i g u r a l aspect 
to another. 

I n d i r e c t s t u dies using approaches such as 
maintained f i x a t i o n or small s t a b i l i s e d images 
have found t h a t a l t e r n a t i o n can s t i l l occur. This 
has been taken by some workers t o demonstrate 
that eye movements are not necessary t o f i g u r e 
perception. However eye movements may s t i l l occur 
i n these s i t u a t i o n s even though, as i n the 
s t a b i l i s e d c o n d i t i o n s , they may not cause a change 
i n f i x a t i o n p o s i t i o n upon the stimulus, A more 
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d i f f i c u l t problem f o r an explanation s t r e s s i n g eye 
movements i s where the stimulus i s created post-
r e t i n a l l y such as w i t h stereograms. 

D i r e c t studies where eye movements have been 
recorded when Ss viewed ambiguous or r e v e r s i b l e 
perspective f i g u r e have generally produced 
inconclusive r e s u l t s and have been c r i t i c i s e d here 
f o r possibly contaminating the very v a r i a b l e of 
i n t e r e s t . 

I t was proposed here t h a t what was of 
importance i n the perception of f i g u r e was v i s u a l 
s e l e c t i v e a t t e n t i o n and t h a t the relevance of eye 
movements was as the main instrument of t h i s 
process. Thus i n stereograms, or small s t a b i l i s e d 
images, a l t e r n a t i o n between f i g u r a l aspects occurred 
because the observer was able t o s h i f t a t t e n t i o n 
and so a l t e r the perception of f i g u r e . Hochberg's 
(1968) schematic map concept was proposed t o 
o f f e r a p l a u s i b l e account of the operation of such 
s e l e c t i v e a t t e n t i o n i n which stimulus parts 'glimpsed' 
i n each f i x a t i o n are s e q u e n t i a l l y tested against 
the expectation of the ongoing map. 

From the consideration of the manner i n which 
ambiguous f i g u r e s have been manipulated t o 
produce s t i m u l i representing only a s i n g l e aspect 
i t was proposed t h a t both ambiguous and r e v e r s i b l e 
perspective f i g u r e s could e s s e n t i a l l y be considered 
as containing p a r t s or elements. These were 
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considered t o be d i f f e r e n t i a l l y biased or weighted 
towards one or other f i g u r a l i n t e r p r e t a t i o n and 
that the response of f i g u r e was l a r g e l y as a r e s u l t 
of s e l e c t i v e a t t e n t i o n t o such elements. 

To i n v e s t i g a t e t h i s proposal Boring's 
ambiguous f i g u r e was selected as a s u i t a b l e stimulus 
and Ss f i r s t made aware of both of i t s f i g u r a l 
i n t e r p r e t a t i o n s . This was t o overcome any 
tendency by the S t o only perceive the one aspect. 
I t was then presented as a large stimulus i n a 
s t a b i l i s e d c o n d i t i o n where the S could only 
attend t o c e r t a i n stimulus p a r t s . Boring's 
f i g u r e was f i r s t s i m p l i f i e d to a l i n e drawing to 
f a c i l i t a t e good afterimage appearance and i t was 
proposed t h a t t h i s l i n e drawing could be considered 
as co n t a i n i n g 4 main elements. Two of these 
elements were proposed t o be s t r o n g l y weighted i n 
favour of one or other aspect w i t h the remaining 
2 elements being not so extremely biased. The 
response of f i g u r e was proposed t o depend upon 
the r e l a t i v e weightings of the elements t o which 
the observer could attend. That i s , these weighted 
elements i n s t i g a t e d one p a r t i c u l a r schematic map 
as opposed t o the a l t e r n a t i v e . The l i k e l i h o o d 
of one map being undertaken increased as the weightings 
of the elements i n favour of t h i s map also increased. 

The f i r s t afterimage experiment demonstrated 
that as the f i x a t i o n p o s i t i o n was a l t e r e d on the 
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stimulus p r i o r t o p a i n t i n g the afterimage then the 
response of f i g u r e was a f f e c t e d i n a p r e d i c t a b l e 
manner. More young woman responses were obtained 
f o r a f i x a t i o n p o s i t i o n near the YE element which 
was considered t o be s t r o n g l y weighted i n favour of 
t h i s aspect. In contrast more o l d woman responses 
were found f o r f i x a t i o n s near the M element which 
was proposed t o be s t r o n g l y weighted towards t h i s 
a l t e r n a t e aspect. These r e s u l t s were i n t e r p r e t e d 
as confirming the importance of being able t o attend 
to p a r t i c u l a r stimulus elements. 

When the 4 elements were then a l t e r e d i n 2 
f u r t h e r afterimage experiments then the response of 
f i g u r e was changed i n t h a t the f i g u r a l i n t e r p r e t a t i o n 
f o r which the elements omitted from the stimulus 
were l e a s t weighted was enhanced. Thin occurred 
even when the a l t e r e d element was rat h e r p e r i p h e r a l l y 
viewed demonstrating t h a t both foveal and p e r i p h e r a l 
v i s i o n were important f a c t o r s . I n t e r a c t i o n e f f e c t s 
between f i x a t i o n p o s i t i o n s and elements present i n 
the display were i n t e r p r e t e d as f u r t h e r supporting 
the r o l e of both types of v i s i o n . 

The afterimage experiments used a c o n t r o l l e d 
f i x a t i o n p o s i t i o n upon the stimulus t o determine the 
S's f o c a l a t t e n t i o n . However s i m i l a r r e s u l t s were 
obtained i n 2 free viewing experiments when these 
elements were e i t h e r present or absent and when Ss, 
e i t h e r students or c h i l d r e n , were asked t o immediately 
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respond as one or other aspect. These f i n d i n g s 
extended the g e n e r a l i t y of the afterimage r e s u l t s 
by again demonstrating t h a t the response of f i g u r e 
was dependent on the elements present i n the displ a y . 
These studies also showed how important the YE 
element was i n i n s t i g a t i n g the young woman schematic 
map i n such f r e e viewing s i t u a t i o n s . No age 
diff e r e n c e s i n response t o these s t i m u l i were found 
which demonstrated the u t i l i t y of such elements was 
not age-related although i t was suggested t h a t the 
precise way i n which they were i n t e g r a t e d i n t o a 
schematic map may possibly be. 

To f u r t h e r elaborate the r o l e of eye movements 
i n the perception of t h i s ambiguous f i g u r e a 
technique of recording eye movements inconspicuously 
was then designed and constructed. I n an experiment 
were Ss were i n s t r u c t e d t o concentrate on one or 
other aspect and t h e i r eye movements recorded, i t was 
found t h a t these movements were l i m i t e d t o pa r t s 
of the stimulus which had been determined t o be 
strong l y weighted towards t h a t aspect i n the afterimage 
experiments. I t was proposed t h a t t h i s concentration 
on h i g h l y weighted elements r e f l e c t e d the t e s t i n g of 
that schematic map. 

When Ss then a l t e r n a t e d on the stimulus then 
again f i x a t i o n s tended t o c l u s t e r around these 
elements w i t h s i m i l a r r e p o r t i n g of each aspect i n 
these weighted areas. When these elements were then 
removed from the di s p l a y t o see i f t h i s a f f e c t e d both 
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the response of f i g u r e and the f i x a t i o n l o c a t i o n s 
then i t was found t h a t Ss s t i l l tended t o f i x a t e 
the same stimulus regions and s i m i l a r l y reported 
that aspect i n these regions. This was i n t e r p r e t e d 
as demonstrating t h a t the Ss, having established 2 
a l t e r n a t e schematic maps f o r the stimulus i n which 
the weighted stimulus elements were f i t t e d , could 
then i n t e r p r e t t h a t p a r t of the s t i m u l u s , i n the 
absence of the weighted elements, i n accordance w i t h 
the expectations of the schematic map. 

The importance of eye movements i n f i g u r e 
perception was i n s h i f t i n g selective a t t e n t i o n about 
the stimulus as each schematic map's set of 
expectations were tested. During a l t e r n a t i o n between 
each f i g u r a l i n t e r p r e t a t i o n sometimes an eye movement 
occurred,immediately before a change of response 
was made, from one element area t o another. However, 
such movements mainly took place w i t h i n the same area 
(1.5°) of an element. I n the schematic map for m u l a t i o n 
a causal eye movement before a l t e r n a t i o n occurs i s 
not necessarily p r e d i c t e d as a l t e r n a t i o n i s 
considered t o i n v o l v e a change i n s e l e c t i v e a t t e n t i o n 
which may occur when an already f i x a t e d element i s 
r e - i n t e r p r e t e d . I t was proposed t h a t t h i s r e s u l t 
confirmed the schematic map proposal i n t h a t sometimes 
a l t e r n a t i o n i n v o l v e d the r e - i n t e r p r e t a t i o n of an 
already encoded element i n t o the a l t e r n a t e map (when 
no eye movement between elements occurred) and sometimes 
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a movement between d i f f e r e n t l y weighted elements 
occurred commensurate w i t h a change of response. 
Several i n t e r v e n i n g eye movements were found between 
each of the responses i n d i c a t i n g e i t h e r aspect. 
These movements were proposed t o r e f l e c t the S 
attempting t o switch maps so th a t there was t h i s 
period when no c l e a r percept of e i t h e r f i g u r e was 
r e a d i l y a v a i l a b l e . Such i n t e r v e n i n g movements d i d 
play a r o l e i n the a l t e r n a t i o n from one to the 
other f i g u r e as t h i s 'no response' period was 
always followed by the other aspect response. 

7.2. THE MODEL 
The f o l l o w i n g model i s proposed t o account 

f o r the r o l e of eye movements i n f i g u r e perception 
as determined by the foregoing research. The 
model i s conceptual making no p h y s i o l o g i c a l claims. 

I t i s proposed t h a t any two-dimensional 
representation of a r e a l - w o r l d object can be 
considered as a c o n s t e l l a t i o n of p i c t u r e elements. 
These elements are themselves composed of one or 
more features as d i s c r i m i n a t e d i n the display by 
the observer's feature d e t e c t i n g mechanisms. Each 
element i s defined as representing some pa r t of 
numerous objects i n the r e a l world. Thus each 
i n d i v i d u a l element can be i n t e r p r e t e d by the observer 
i n several d i f f e r e n t ways. Each of these possible 
i n t e r p r e t a t i o n s can be assigned a weighting 
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representing the l i k e l i h o o d t h a t t h a t element w i l l 
be i n t e r p r e t e d i n a p a r t i c u l a r manner. This 
weighting depends upon several f a c t o r s such as the 
observer's p r i o r experience w i t h r e a l - w o r l d objects. 
The possible i n t e r p r e t a t i o n s of each i n d i v i d u a l 
element are n e i t h e r i n f i n i t e nor made i n i s o l a t i o n 
but are l i m i t e d by the same f a c t o r s which serve t o 
define the possible ways i n which the various elements 
represent p a r t s of r e a l o bjects. A two way process 
i s then proposed t o e x i s t between the r e a l - w o r l d 
expectations as they are applied t o these elements, 
which themselves are s e q u e n t i a l l y attended t o and 
abstracted from the displ a y . The elements are both 
' f i t t e d ' i n t o the expectations and the expectations 
p a r t l y govern the elements s e q u e n t i a l l y attended 
to. Norman and Rumelhart (1975) have made a 
s i m i l a r proposal c a l l i n g these two s t r a t e g i e s 
'bottom-up,' where the processing s t a r t s from the 
stimulus, and 'top-down' where i t s t a r t s from the 
schema. This i s also e s s e n t i a l l y what i s meant by 
Hochberg's (1970b) d i s t i n c t i o n between p e r i p h e r a l 
search guidance and c o g n i t i v e search guidance. The 
importance of t h i s two way process i s t h a t the 
ongoing schematic map can not only be modified by 
the stimulus i n f o r m a t i o n , as i n Neisser's (1976) 
'perceptual c y c l e ' , but on occasions the schematic 
map can e f f e c t i v e l y o v e r - r i d e stimulus data which 
c o n f l i c t s w i t h the map expectations. 



451 

Each i n t e r p r e t a t i o n of the stimulus i s governed 
by a schematic map which f u n c t i o n s as an expectancy 
t e s t i n g program p r e d i c t i n g what w i l l be perceived at 
various l o c a t i o n s i n the stimulus. Eye movements 
about the stimulus f u n c t i o n t o a l t e r s e l e c t i v e 
a t t e n t i o n t o d i f f e r e n t stimulus elements both i n 
accord w i t h expectations from t h i s map and also as a 
r e s u l t of current p e r i p h e r a l v i s u a l i n f o r m a t i o n . 
Thus eye movements are not s o l e l y determined by the 
schematic map, nor by the stimulus information, but 
by an ' i n t e r p l a y ' between both. I n Hochberg's (1968) 
theory each schematic map i s considered t o be a 
sequence of visuo-motor expectancies such t h a t the 
i n t e n t i o n t o make an eye movement w i t h a d e f i n i t e 
expectation i s a l l important. Littman and Becklen 
(1976) have s i m i l a r l y proposed t h a t eye movements 
depend on perceptual a n t i c i p a t i o n s r a t h e r than 
acti n g t o i n i t i a t e a perceptual act. This meaning 
of schematic map i s adhered t o here although w i t h 
experience or w i t h small s t i m u l i these expectations, 
and accompanying eye movements, may possibly become 
l a r g e l y i n t e r n a l i s e d s h i f t s of a t t e n t i o n as suggested 
by Noton and Stark(1971b). The schematic maps must 
be f l e x i b l e t o allow f o r the r e c o g n i t i o n of m i r r o r -
image s t i m u l i or f o r s t i m u l i of d i f f e r e n t m a g n i f i c a t i o n . 
The expectations of each map are u l t i m a t e l y governed 
by e c o l o g i c a l contingencies i . e . they depend upon 
the s t r u c t u r e of the r e a l world. I n another 
context the r o l e of r e a l - w o r l d schemata i n the 
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re c o g n i t i o n of p i c t u r e s has been considered by 
Biederman (1972) and also Biederman,Glass and Stacy 
(1973). Mandler and Parker (1976) have more 
rec e n t l y demonstrated t h a t such schemata a f f e c t 
memory f o r s p a t i a l r e l a t i o n s . 

The m a j o r i t y of ambiguous and r e v e r s i b l e 
perspective f i g u r e s are proposed t o be represented 
by two almost equally p l a u s i b l e i n t e r p r e t a t i o n s , 
two schematic maps, i n t o which the elements can be 
f i t t e d . Less p l a u s i b l e i n t e r p r e t a t i o n s w i l l also 
e x i s t . For each schematic map, representing the 
two a l t e r n a t i v e aspects i n these s t i m u l i , the 
d i s t r i b u t i o n of the element weightings i s proposed 
to be s p a t i a l l y d i f f e r e n t . This d i s t r i b u t i o n of 
each set of weightings scross the stimulus can be 
likened t o the contour l i n e s on a map j o i n i n g areas 
of equal bias towards one i n t e r p r e t a t i o n of the 
stimulus. For some s t i m u l i the d i f f e r e n c e i n t h i s 
s p a t i a l d i s t r i b u t i o n of bias toward each aspect 
w i l l be small, whereas i n other s t i m u l i i t w i l l be 
more extreme. 

For any given f i x a t i o n p o i n t on the stimulus 
the observer w i l l be able t o attend t o only s p e c i f i c 
elements. Other elements and features w i l l be more 
p e r i p h e r a l l y viewed and w i l l be more ' g l o b a l l y ' 
analysed by the p r e a t t e n t i v e processes during t h a t 
f i x a t i o n . For example, Biederman, Rabinowitz, Glass 
and Stacy (1974) have shown t h a t i n a s i n g l e f i x a t i o n 
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both p a r t i c u l a r elements and a more g l o b a l 
c h a r a c t e r i s a t i o n of the stimulus are e x t r a c t e d by 
the observer. The immediate response of f i g u r e 
when the observer views the stimulus w i l l depend 
upon the r e l a t i v e weightings of the elements t o 
which he can attend as they f i t i n t o each schematic 
map. At each f i x a t i o n p o s i t i o n the v i s u a l system 
i s considered t o apply a secondary weighting process 
to these elements depending upon how f o v e a l l y 
or p e r i p h e r a l l y they are viewed. This secondary 
process w i l l depend upon f a c t o r s such as p e r i p h e r a l 
v i s u a l acuity, so t h a t some elements may not need 
to be f o v e a l l y f i x a t e d or a l t e r n a t i v e l y elements 
may be 'screened o f f as not being important. The 
response i s proposed t o be due l a r g e l y t o the sum 
of these weightings as they a f f e c t each a l t e r n a t e 
schematic map, w i t h the map chosen by the observer 
as ' f i g u r e ' being the'best-bet* of a l l t h i s information, 
which then creates expectations of how subsequently 
attended elements w i l l be i n t e r p r e t e d . 

The stimulus area t o which the observer can 
attend i n a s i n g l e f i x a t i o n i s proposed t o be not 
simply t h a t encompassed by the fovea. An e s s e n t i a l l y 
dual v i s u a l system has been suggested by several 
researchers w i t h a f o v e a l i d e n t i f y i n g system and a 
more d i f f u s e p e r i p h e r a l monitoring and l o c a t i n g 
system (e.g. Trevarthen,1968; Didday and Arbid, 1975; 
Mackworth and Morandi, 1967 ) . While gener a l l y 
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accepting t h i s d i s t i n c t i o n i t i s proposed t h a t 
the observer can attend t o an area l a r g e r than the 
fovea. This area i s determined both by stimulus 
and observer parameters which together serve t o 
e f f e c t i v e l y widen or narrow t h i s a t t e n t i v e f i e l d . 
Mackworth (1976) has used the term 'useful f i e l d 
of view' t o define the area around the fovea from 
which i n f o r m a t i o n i s e f f e c t i v e l y processed. This 
area i s a f f e c t e d by the density of i r r e l e v a n t 
items i n the d i s p l a y (Mackworth, 1965; Mackworth, 
1976). The amount of in f o r m a t i o n being processed 
by the fovea also a f f e c t s t h i s ' f u n c t i o n a l v i s u a l 
f i e l d ' (Sanders, 1970) such t h a t as the foveal 
load increases, t h i s f i e l d shrinks (Ikeda and Takeuchi, 
1975). Experience or t r a i n i n g w i t h the stimulus 
can l a r g e l y overcome t h i s shrinkage (Engel,1971). 
Edwards and Goolkasian (1974) demonstrated that, w i t h 
practice, observers could attend t o objects 
p e r i p h e r a l l y presented and proposed several ' f i e l d s ' 
extending from the fovea t o the periphery such t h a t 
there was a general f a l l i n g o f f i n r e c o g n i t i o n , 
i d e n t i f i c a t i o n and detection performance. Gould (1976) 
has used a zoom lens analogy t o describe how observers 
can s e l e c t i v e l y attend t o d i f f e r e n t sized areas of 
a display. 

I f the observer i s then free t o scan the stimulus 
then both p e r i p h e r a l i n f o r m a t i o n and the ongoing 
schematic map i n s t i g a t e d by the f i r s t f i x a t i o n 
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( C h a s t a i n and Burnham, 1975) s e r v e to determine the 

next f i x a t i o n l o c a t i o n . An eye movement ( s a c c a d e ) 

w i l l be made to t h i s l o c a t i o n w i t h an e x p e c t a t i o n , 

dependent upon the s c h e m a t i c map, of i n t e r p r e t i n g 

i n f o r m a t i o n f o v e a l l y viewed t h e r e . Due to the 

b a l l i s t i c n a t u r e of s a c c a d e s an eye movement i s 

made to i n f o r m a t i v e r e g i o n s ( e . g . Baker and Loeb,1973; 

Antes,1974) as a s s e s s e d by the p e r i p h e r a l p r o c e s s i n g 

d u r i n g the p r e s e n t f i x a t i o n (Gould and D i l l , 1969). 

I f the i n f o r m a t i o n a t t h i s f i x a t i o n c o n f i r m s o r 

m o d i f i e s the c u r r e n t map then subsequent eye 

movements w i l l be made w i t h an a p p r o p r i a t e e x p e c t a t i o n . 

In the f r e e v i e w i n g of such s t i m u l i the o b s e r v e r 

may make s e v e r a l eye movements be f o r e responding. T h i s 

may r e f l e c t the t e s t i n g of the s c h e m a t i c map over 

such f i x a t i o n s . 

With ambiguous and r e v e r s i b l e p e r s p e c t i v e 

f i g u r e s a l t e r n a t i o n o c c u r s so t h a t a d i f f e r e n t response 

of f i g u r e i s g i v e n f o r the same s t i m u l u s . T h i s i s 

due t o the c u r r e n t map f a l t e r i n g and an a l t e r n a t e 

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

i s then undertaken. T h i s a l t e r n a t i o n may o c c u r 

because the o b s e r v e r f i x a t e s an element which has a 

low w e i g h t i n g i n the c u r r e n t map but a r e l a t i v e l y 

high w e i g h t i n g i n the a l t e r n a t e map. I t may a l s o 

be because of some form of l o c a l s a t i a t i o n which 

r e s u l t s i n an a l r e a d y encoded element b e i n g 

r e - i n t e r p r e t e d . Thus i n some i n s t a n c e s eye 
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movements w i l l be made to an a l t e r n a t e element of 

the s t i m u l u s b e f o r e a change of response of f i g u r e 

i s made and i n some c a s e s t h i s change w i l l o c c u r 

w i t h the o b s e r v e r g e n e r a l l y f i x a t i n g the same 

element. 

A p e r i o d between responding as e i t h e r of the 

two a l t e r n a t e a s p e c t s may oc c u r when the c u r r e n t 

s c h e m a t i c map has been r e l i n q u i s h e d and the o b s e r v e r 

i s a t t e m p t i n g to t e s t the a l t e r n a t e one. T h i s 

i s s u ggested t o be more l i k e l y t o oc c u r i n s t i m u l i 

i n which the high p r o b a b i l i t y a r e a s f a v o u r i n g each 

as p e c t a re r e l a t i v e l y s p a t i a l l y s e p a r a t e d . 

T h i s model, developed to account f o r the 

p e r c e p t i o n of f i g u r e p a r t i c u l a r l y i n ambiguous 

and r e v e r s i b l e p e r s p e c t i v e f i g u r e s , i s l a r g e l y 

based on t h a t of Hochberg ( 1 9 6 8 ) . I t d i f f e r s from 

t h i s by p r o p o s i n g t h a t more than two a l t e r n a t i v e 

maps can e x i s t f o r such s t i m u l i and by p o s i t i n g 

that s t i m u l u s p a r t s can be weighted i n such maps. I n 

t h i s l a t t e r r e s p e c t i t i s l i k e Chiang ( 1 9 7 6 ) . I t 

f u r t h e r emphasises the comparison p r o c e s s between the 

ongoing map and the e x t r a c t e d s t i m u l u s i n f o r m a t i o n 

i n which i t i s s i m i l a r to Norman and Rumelhart ( 1 9 7 5 ) . 

The way i n which the at t e n d e d - t o i n f o r m a t i o n can 

a f f e c t the schema i s s i m i l a r to N e i s s e r ' s ' p e r c e p t u a l 

c y c l e ' (1976 ) . 
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7.3. FUTURE PROPOSALS 

The d i f f e r e n t r e p r e s e n t a t i o n s of B o r i n g s ambiguous 

f i g u r e ( F i g u r e 3.2) demonstrate the v a r i o u s ways i n which 

p a r t s of the p i c t u r e , which have here been termed 

elements, can be drawn w h i l s t the o v e r a l l p i c t u r e i s 

e s s e n t i a l l y i n t e r p r e t e d i n the same manner. I n c o n t r a s t 

the 'one a s p e c t ' v e r s i o n s of the same f i g u r e ( F i g u r e 3.3) 

show t h a t c e r t a i n m o d i f i c a t i o n s of t h e s e elements does 

a l t e r the p e r c e p t i o n of f i g u r e . These two extremes 

i l l u s t r a t e how s u b t l e d i f f e r e n c e s i n the p i c t u r e can a f f e c t 

the i n v e s t i g a t i o n o f a p a r t i c u l a r s c h e m a t i c map although 

they do not show j u s t what changes are e i t h e r n e c e s s a r y 

or s u f f i c i e n t to r e l i a b l y a l t e r the response of f i g u r e . 

For t h i s r e a s o n the e x p e r i m e n t a l work p r e s e n t e d here 

has c o n c e n t r a t e d upon a s i m p l i f i e d l i n e drawing of 

B o r i n g ' s ambiguous f i g u r e . The use of a l i n e drawing 

both f a c i l i t a t e d the e m p i r i c a l d e f i n i t i o n of the 

s t i m u l u s elements as w e l l as a i d i n g the a f t e r i m a g e 

appearance i n the f i r s t 3 experiments. The proposed 

concept of s t i m u l u s elements does not s o l e l y apply to 

l i n e drawings. The r e s u l t s of the p r e s e n t experiments 

should then be c a pable of r e p l i c a t i o n , u s i n g t h e s e o t h e r 

r e p r e s e n t a t i o n s o f B o r i n g ' s f i g u r e , to c o n f i r m the e f f e c t 

of the removal or a d d i t i o n of the e q u i v a l e n t elements 

i n t h e s e p i c t u r e s upon p e r c e p t i o n of the ambiguous 

f i g u r e . 

The i n v e s t i g a t i o n of weighted elements i n o t h e r 

ambiguous f i g u r e s can be examined u s i n g the same 
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a f t e r i m a g e t e c h n i q u e . T h i s would be r e l a t i v e l y s t r a i g h t 

forward where the ambiguous f i g u r e i s l i n e - d r a w n such as 

the rat-man f i g u r e ( F i g u r e 2 . 1 ) . The model proposed to 

account f o r the p e r c e p t i o n of f i g u r e i n a s t i m u l u s a p p l i e s 

e q u a l l y to r e v e r s i b l e p e r s p e c t i v e f i g u r e s as w e l l as the 

ambiguous f i g u r e s . Thus the former s h o u l d a l s o be c a pable 

of examination i n a s i m i l a r f a s h i o n . One p o s s i b l e problem 

w i t h t h i s was shown i n Experiment 2 where Ss very r e a d i l y 

a l t e r n a t e d when r e p o r t i n g the appearance of the p o s i t i v e 

a f t e r i m a g e of the Necker cube. T h i s ready a l t e r n a t i o n 

i s proposed to r e f l e c t the v i r t u a l c o i n c i d e n c e of the 

d i s t r i b u t i o n s of the element w e i g h t i n g s of each a l t e r n a t e 

s c h e m a t i c map. Whether t h i s h o l d s f o r a l l r e v e r s i b l e 

p e r s p e c t i v e f i g u r e s and i s one of the f a c t o r s t h a t d i s t i n g u i s h e s 

them from ambiguous f i g u r e s c o u l d a l s o be s t u d i e d . 

On i n i t i a l p r e s e n t a t i o n of the s t i m u l u s the S i s 

proposed to s e l e c t the 'best' s c h e m a t i c map as a r e s u l t 

of s e l e c t i v e a t t e n t i o n to the a v a i l a b l e elements. The 

e x p e c t a t i o n s of t h i s map are then t e s t e d i n the subsequent 

f i x a t i o n s . The f a c t o r s a f f e c t i n g the i n s t i g a t i o n of 

each map can be i n v e s t i g a t e d by f i r s t a s c e r t a i n i n g the 

r e l a t i v e w e i g h t i n g s o f s t i m u l u s elements towards each 

as p e c t w i t h the a f t e r i m a g e t e c h n i q u e . S t i m u l i c o u l d 

then be p r e s e n t e d u s i n g a p a r t i a l p r e s e n t a t i o n paradigm 

where a p a r t i c u l a r element i s f i r s t p r e s e n t e d f o l l o w e d 

by the r e s t of the s t i m u l u s . I t i s h y p o t h e s i s e d t h a t 

the i n i t i a l p r e s e n t a t i o n of an element weighted more 

towards one p a r t i c u l a r a s p e c t ( e . g . the YE element 

i n B o r i n g ' s f i g u r e ) would be more l i k e l y to l e a d to 
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t h a t a s p e c t b e i n g r e p o r t e d . 

The r e l a t i v e c o n t r i b u t i o n of f o v e a l and p e r i p h e r a l 

v i s i o n t o the s c h e m a t i c map c o u l d be examined by u s i n g 

t e c h n i q u e s whereby o n l y one o r o t h e r type of v i s i o n 

i s a v a i l a b l e t o the S. T h i s can be a c h i e v e d by u s i n g 

the S's own eye movements i n a yoked-feedback fashion 

to c o n t r o l the amount of the d i s p l a y v i s i b l e a t any 

i n s t a n t . 

Another approach i s to i n v e s t i g a t e the eye movement 

p a t t e r n s t h a t o c c u r w i t h the development of the s c h e m a t i c 

map from the n a i v e f i r s t p r e s e n t a t i o n , when the S 

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

maps to the s t i m u l u s , t o l a t e r t r i a l s when the S more 

r e a d i l y i n s t i g a t e s the a p p r o p r i a t e map. T h i s approach 

would c o n c e n t r a t e upon the f i r s t few eye movements 

made b e f o r e the S responds. I t i s h y p o t h e s i s e d t h a t 

on the i n i t i a l n a i v e p r e s e n t a t i o n the eye movement 

p a t t e r n s may appear r e l a t i v e l y random a s a r e s u l t of 

the i n i t i a l t e s t i n g o f s e v e r a l p o s s i b l e s c h e m a t i c maps. 

On l a t e r t r i a l s the p a t t e r n s would be more s y s t e m a t i c 

(e.g . Markovian or even a s c a n p a t h ) . 

The p r e s e n t eye movement experiment found an 

i n t e r v e n i n g no response p e r i o d between times when the 

S was r e p o r t i n g e i t h e r a s p e c t . T h i s d e s e r v e s f u r t h e r 

i n v e s t i g a t i o n t o see i f i t i s a f u n c t i o n of the response 

procedure used - t h i s i s proposed not to be the c a s e . 

Other r e s e a r c h e r s have used response t e c h n i q u e s which 
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permit such ' e i t h e r a s p e c t * r e s p o n s e s ( c . f . s e c t i o n 2.4. 

but t h e r e i s l i t t l e e v i d e n c e i n the l i t e r a t u r e of the 

p o p u l a r i t y of t h i s r e s p o n s e as found here i n Experiment 

6. Whether t h i s response d e c l i n e s w i t h prolonged 

p r a c t i c e on the s t i m u l u s or i s a c h a r a c t e r i s t i c of 

ambiguous f i g u r e s which p o s s i b l y d i s t i n g u i s h e s them 

from r e v e r s i b l e p e r s p e c t i v e f i g u r e s i s a l s o a t o p i c 

f o r f u t u r e work. 

7.4 SUMMARY 

In t h i s c h a p t e r the v a r i o u s c o n c l u s i o n s reached 

i n the p r e v i o u s experiments a re brought t o g e t h e r and 

then a model proposed to account f o r the r o l e of eye 

movements i n f i g u r e p e r c e p t i o n . I t i s argued t h a t 

the eye movements of a S r e f l e c t the t e s t i n g o f a 

sc h e m a t i c map which i s i n s t i g a t e d by the a v a i l a b l e 

s t i m u l u s i n f o r m a t i o n a t any g i v e n f i x a t i o n p o s i t i o n . 

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

and p e r i p h e r a l v i s i o n t h a i l e a d s to o t h e r f i x a t i o n s 

being made w i t h an e x p e c t a t i o n of i n t e r p r e t i n g the 

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

i s a r e s u l t of t h i s p r o c e s s . F i n a l l y some s u g g e s t i o n s 

f o r f u t u r e work a r e o u t l i n e d . 
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FIXATION POSITION 2 FIXATION POSITION 7 

STIMULUS STIMULUS 

SUBJECTS A B C D A B C D 

1 1 1 1 1 1 1 0 0 

2 0 1 1 0 0 1 0 0 

3 1 1 0 1 1 0 0 0 

4 1 1 1 1 1 1 0 1 

5 0 1 1 0 1 0 1 1 

6 1 1 1 1 0 0 1 

7 1 1 1 1 1 1 0 1 

8 1 1 0 1 1 0 0 0 

9 1 1 1 1 1 1 0 0 

10 1 1 1 1 1 1 1 0 

11 1 1 1 0 1 1 0 0 

12 1 1 0 1 1 1 1 1 

13 1 1 1 0 0 0 1 0 

14 1 1 0 0 1 0 1 0 

15 1 1 0 1 0 0 0 0 

16 1 1 0 1 1 1 0 0 

17 1 1 0 1 0 0 0 0 

18 0 1 1 1 0 0 0 0 

19 1 1 0 0 1 0 0 1 

20 0 1 1 1 1 0 0 0 

TOTALS 16 20 12 14 14 9 5 6 

F i g u r e A.2 I n d i v i d u a l r e s p o n s e s o b t a i n e d f o r the 2 f i x a t i o n 
p o s i t i o n s which were used w i t h the 4 s t i m u l i 
i n Experiment 2. 
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FIXATION POSITION 2 

STIMULUS 

SUBJECTS A B C D E F G H I J K L M N 0 P 

1 1 1 1 0 1 1 0 0 1 1 0 0 1 1 1 1 

2 1 0 1 1 1 1 1 1 0 0 1 1 0 0 1 1 

3 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 

4 1 1 0 1 1 0 1 0 0 1 1 1 1 0 0 1 

5 1 1 0 0 1 1 1 0 1 0 0 1 1 1 1 0 

6 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 

7 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 

8 1 1 0 1 1 1 1 1 1 I 1 1 1 1 0 0 

9 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 

10 0 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 

11 1 0 1 0 1 1 1 1 0 1 0 0 1 1 1 0 

12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

13 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 

14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 

15 1 1 1 0 1 1 1 1 1 1 1 1 0 1 0 1 

16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 

17 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 

18 1 1 0 1 1 0 1 0 0 0 0 1 1 0 1 0 

19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 

20 0 1 1 0 1 1 1 1 1 0 1 1 1 0 0 1 

TOTALS 18 18 16 14 19 18 18 13 16 16 15 17 17 15 14 11 

F i g u r e A. 3 I n d i v i d u a l r e s p o n s e s o b t a i n e d f o r each s t i m u l u s 
a t f i x a t i o n p o s i t i o n 2 i n Experiment 3. 
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FIXATION POSITION 7 

STIMULUS 

SUBJECTS A B c D E F G H I J K L M N 0 p 

1 1 1 0 0 1 1 0 0 1 1 0 1 1 1 0 0 

2 0 1 0 0 1 1 1 1 0 1 0 0 1 1 0 0 

3 1 1 0 1 0 1 0 1 0 0 0 1 0 0 0 1 

4 1 1 0 0 1 1 0 0 1 1 0 0 1 0 0 0 

5 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 

6 0 0 1 0 0 0 0 1 0 1 0 0 0 1 0 0 

7 1 1 0 1 1 1 0 0 0 1 0 0 1 1 1 0 

8 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 

9 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

10 1 0 0 0 0 1 1 0 1 1 0 0 0 1 0 0 

11 0 1 0 1 1 1 0 0 1 1 0 0 0 1 0 0 

12 1 1 0 0 1 1 0 1 1 1 0 0 0 1 0 0 

13 0 1 0 1 1 1 0 1 1 1 0 1 1 1 0 0 

14 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

15 0 0 0 1 1 1 1 0 1 1 0 0 1 0 0 1 

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

17 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 

18 0 0 0 0 1 1 1 0 1 1 0 1 0 1 1 1 

19 0 0 0 0 1 1 0 0 0 1 0 0 0 1 0 0 

20 0 0 0 1 0 1 1 0 1 1 1 1 1 1 1 0 

TOTALS 8 11 1 7 12 14 5 6 11 15 1 6 7 11 4 3 

F i g u r e A.3(contd.) I n d i v i d u a l r e s p o n s e s o b t a i n e d f o r each 
s t i m u l u s a t f i x a t i o n p o s i t i o n 7 i n 
Experiment 3. 
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APPENDIX B An example of the s u b j e c t s ' response s h e e t s 
used i n Experiment 5 . ! 

\ 

OL D 

W O M A N 

YOUNG 

W O M A N 
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APPENDIX C The f u l l A n a l y s i s of V a r i a n c e summary 

t a b l e f o r Experiment 5. 

The v a r i o u s parameters are l i s t e d i n the 'source' 

column as f o l l o w s : -
L e v e l 1 L e v e l 2 

Between Ss f a c t o r s ( B ) 

Age ( B l ) Young Old 

Photograph d i r e c t i o n (B2) Right L e f t 

W ithin Ss f a c t o r s (W) 

S t i m u l u s d i r e c t i o n ( W l ) Right L e f t 

YE element(W2) Absent P r e s e n t 

E/EC element (W3) Absent P r e s e n t 

CL element (W4) Absent P r e s e n t 

M element (W5) Absent P r e s e n t 



4 6 8 

S U U K C E S S M S F P K C J B 

S U B J b l 2 6 9 3 6 9 , 1 6 3 b 
61 1 9 3 6 . * ^ ( 3 0) 9 3 o , f ) 0 4 / 0 . 1 7 1 5 0 , 6 8 3 6 3 

B 2 \ 3 2 a , 2 5 2 4 3 2 6 , 2 5 2 4 0 , 0 6 6 7 0 , 8 2 4 7 6 

B 1 2 \ 6 1 3 / , 7 9 / 9 6 1 3 0 , 7 9 * 9 I . 1 2 3 3 0 , 2 9 4 7 3 
4 8 2 6 5 3 6 2 . 1 2 ^ 2 5 4 5 7 , 9 6 / 8 

4 1 | 9 1 H , / M O 5 9 1 o , C B f t S 1 , 6 9 8 4 0 , 1 9 6 9 2 
* 1 B I i 1 * : f t t H 0 9 f t 1 0 6 , 4 0 9 0 0 , 1 9 6 1 0 , 6 6 3 9 7 

WJH2 1 2 . 3 1 n 1 2 . 3 1 3 1 0 , to \- 4 3 0 , 9 4 6 6 6 
• U 6 1 2 1 7 / 3 • b ft 0 1 7 / 3 . 5 6 0 1 1 , 3 0 1 5 0 , 2 6 6 5 3 

6 « 1 l 2 4 6 2 6 9 4 7 , ? o 3 7 5 4 d , 5 o 8 J 

4 2 J 1 3 7 2 7 9 . 4 4 4 7 1 3 7 2 7 9 , 4 4 4 7 31 , 6 5 9 5 0 . 0 O / / 2 
* 2 8 1 I 1 0 5 0 , ? 9 ; : 9 1 6 5 0 , 2 9 / 9 Z . 2 4 2 2 0 , 6 3 / 4 2 

« 2 B 2 1 2 2 1 5 . 1 6 4 6 2 2 1 5 , 3 6 4 6 n , 51 / y 0 , 5 1 4 9 4 

« 2 t i l 2 1 1 | 9 1 , 3 6 * 6 1 1 9 1 , 3 6 4 6 / . 2 7 4 0 0 . 6 0 6 7 9 

E * 2 8 1 2 4 8 2 / 0 1 3 3 , 6 7 / 2 4 5 3 o , 1 2 2 3 

p. 3 , 2 2 3 6 l . 7 7 riS 2 2 . * 6 1 , 7 7 8 6 8 , 2 8 9 5 0 , 4 / 6 / 4 
4 3 8 1 1 8 2 2 7 , 1 6 3 f t o 2 2 7 , 1 6 3 6 3 , S ) 4 9 o 0 , 0 8 3 4 9 

1 6 3 2 , 6 1 7 6 0 3 2 . 6 1 7 8 Z . 2 3 4 5 8 , 6 3 5 7 8 

M 3 0 1 2 1 3 2 . 9 3 6 2 3 2 , 9 / 6 2 0 . 0 1 2 2 0 , 9 0 8 7 5 
E « J 6 1 2 4 0 1 2 9 4 6 5 , $ 3 3 7 2 o 9 7 , 6 / 4 9 

4 4 I 4 4 7 2 , 3 4 6 2 4 4 7 2 , 3 4 6 2 4 , 3 1 0 0 0 , / 4 B o Q 

N 4 8 t 1 2 6 4 . 9 6 1 6 * 2 6 4 , 9 0 1 5 • 1 , 2 5 5 9 0 , 6 2 1 17 
4 4 6 2 1 1 8 7 , 1 1 7 6 1 8 7 , 1 1 7 8 / , I 6id7 . 1 , 6 7 6 1 1 

4 4 8 1 2 I P > , 6 9 4 7 0 , 6 9 4 7 4 , 4 4 0 7 ( 1 , 9 7 7 6 9 
E " 4 r t i 2 4 8 4 9 7 0 6 , 1 2 9 d 1 2 3 5 , 5 4 4 4 

MS I 3 9 6 2 4 . £ 3 6 5 3 9 6 2 4 , 6 3 8 5 2 3 , 0 9 5 6 4 , 0 4 0 / 8 
I 7 9 . 6 2 5 * 7 9 , o 2 b C l 0 , 8 4 6 4 4 , 8 2 4 0 1 

• 5 8 2 1 4 H 3 1 . 3 U 1 4 6 3 1 . 3 1 P I 2 , 3 4 9 7 0 . 1 2 6 1 0 

4 5 8 * 2 1 1 4 1 , 9 4 4 7 1 4 l , 9 4 4 7 0 , « 6 2 7 0 , 7 7 1 8 2 

£ « 5 o l 2 4 0 0 2 3 5 I , ^ 5 6 7 t 7 1 6 , 6 5 5 3 

- 1 2 J 3 6 3 , 7 5 2 4 3 6 3 , 7 5 2 4 0 , 4 6 2 2 0 , 6 1 5 6 8 2 
* 1 2 i i l 1 2 7 6 , ^ 5 2 4 2 7 6 , 2 5 2 4 0 , 3 6 1 4 0 , 6 6 3 2 3 
* 1 2 B 2 1 6 9 0 , 6 1 5 4 6 9 / , o l 5 4 J , 8 7 7 5 0 , 6 4 3 9 5 
« l ? r i l 2 1 9 / o , /<;ft4 9 / o , ? 4 / 4 1 . 1 5 1 4 0 , 2 0 0 6 / 
E « U " 1 2 4 6 3 7 7 7 0 , 7 6 4 4 7 6 7 , / 5 7 6 • 

4 1 3 | 1 2 2 5 , 4 7 1 2 1 2 2 6 , 4 7 1 2 1 , 1 5 7 3 0 . 2 8 7 3 5 
4 1 3rtJ 1 2 9 5 1 . 1 1 5 4 2 9 6 1 , 1 1 5 4 2 , 7 0 6 9 0 , 0 9 7 7 7 
4 1 3 0 2 1 1 3 6 3 , 0 0 2 4 1 5 0 3 . H / 2 4 1 . 2 0 7 1 0 , 2 6 1 2 3 
4 l 3 d l 2 J 3 8 2 , 6 9 4 7 3 M 2 . 6 9 4 7 Z . 3 6 1 4 0 . 5 5 7 4 9 
E " l 3 » 1 2 4 6 5 / 8 2 8 , 9 o 6 3 1 6 5 M . 9 3 6 8 

4 t 4 1 9 7 2 , 3 4 6 2 9 / 2 . 3 4 6 2 1 , 4 3 / 6 0 , 2 3 5 7 6 
4 1 4 6 1 I 3 0 0 4 , 6 2 5 8 3 / . 5 J 4 , 6 2 6 8 1 4 , 4 2 / 8 0 , 0 3 8 4 2 

1 6 4 , 8 1 / 1 5 4 , 0 1 / 1 0 , 4 6 0 6 0 , 7 7 4 4 4 
*< I 4 H1 2 1 3 3 4 , 4 4 4 7 3 3 4 , 4 4 4 7 4 , 4 9 2 1 3 , 5 0 6 6 9 
E * t 4 6 1 2 4 6 3 2 6 2 3 , t>i>4t> o 7 9 , 6 6 o 6 

4 1 5 | 7 3 7 , 7 7 6 o / 3 / . 7 7 6 B 0 . 9 0 6 6 3 , 6 5 2 7 0 
* 1 5 o l 1 4 6 1 , 1 o 3 5 4 6 1 , 1 6 3 5 0 . 5 6 7 9 0 , 5 3 0 0 / 
* 1 5 6 2 1 2 1 4 , 9 * 6 2 2 1 4 , 9 / 6 2 4 , 2 6 4 7 0 , 6 1 5 3 4 
4 1 5 6 1 2 1 91 , 4 / 6 3 9 1 , 4 / 6 3 0 , 1 1 2 6 0 , 7 3 7 9 9 
E M 6 B 1 2 4 0 3 0 9 7 5 , 1 2 / 2 0 1 1 , 9 0 1 7 

4 2 3 , 8 5 , h o 7 8 0 5 , 0 6 7 6 0 , 1 1 6 9 6 0 , 7 8 o 9 6 
4 2 3 8 1 1 1 3 1 9 , 0 / 6 ? 1 3 1 9 , 9 / 6 2 t , / 7 w l W . 3 / 6 7 9 
4 2 3 3 2 1 9 1 2 , 1 5 3 " v l 2 , 1 5 3 8 8 , 7 3 9 6 0 , 6 , 3 1 5 5 
4 2 3 8 1 2 1 4 3 6 , 2 4 / 4 4 3 6 , 2 4 / 4 0 , 3 5 3 7 0 , 6 6 1 7 5 
E A 2 3 8 J 2 4 6 5 9 2 0 7 , 2 / o 7 1 2 3 3 , 4 8 3 6 

4 2 4 | 2 6 , 5 6 * 1 2 8 , 5 6 * 1 0 , 0 3 3 9 0 , 8 4 0 9 7 
4 2 4 8 1 1 3 6 6 , 6 4 4 9 3 8 6 , 5 4 8 9 0 , 4 5 8 2 0 , 5 / 0 6 6 
4 2 4 r j 2 1 1 0 8 5 , 5 3 8 5 1 3 8 5 , 5 : 3 8 5 1 , 2 8 6 6 4 , 2 6 1 3 3 
* 2 4 B 1 2 J 4 3 6 , ? 4 S ) 4 4 3 6 , 2 4 0 4 i d , 5 1 7 1 4 , 5 l 7 o l 
C * 2 4 B 1 2 4 6 4 . 1 4 9 3 , 2 4 5 2 0 4 3 , 6 / 9 3 

i d , 5 1 7 1 
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W25 1 1 7 6 6 5 « i 2 4 1 7 6 5 5x324 2 . 5 7 6 K * a . I 1 1 2 3 
1 4 3 6 1 0 1 4.1 81 M , 0 6 3 9 0 , 7 9 6 9 9 

" 2 5 ^ - 2 1 1 0 3 4 7 1 2 1 8 0 4 7 1 2 0 , 2 6 3 3 0 , 0 1 6 2 2 
" 2 5 8 1 2 I 6 6 7 / 6 H 8 6 7 7 8 8 Id, 1 2 6 6 0 , 7 2 3 8 3 
E * 2 5 B 1 2 4b 3 < ? 8 9 6 9 3 7 5 6 b 5 3 5 2 9 

4 i 4 , 2 9 4 4 7 1 2 2 * 4 4 7 1 2 1 1 , 2 6 9 8 0 , 6 1 2 0 3 
* 3 4 H l \ 7 5 3 8 * 6 2 7 5 0 6 4 6 2 0 , 6 9 0 6 0 , 5 6 4 9 1 
M 3 4 8 2 1 1 2 I 1 7 8 1 2 1 1 7 8 0 , 0 1 U 0 , 9 1 3 0 3 
• * 3 4 d } 2 1 2*>9 1 9 4 7 2 * 9 1 9 4 7 H . 1 9 J 6 0 , 6 6 7 4 4 
E * 3 4 8 l 2 0 0 5 2 3 9 8 8 7 0 2 1 6 9 1 6 4 3 1 

" 3 5 1 2 2 l ! > 3 3 2 2 1 5 3 8 0 , 0 1 3 7 0 . 0 0 3 3 8 
1 192<» 0 4 6 2 1 * 2 9 b 4 6 2 1 , 1 6 9 6 0 , 2 8 0 5 7 

" 3 5 6 2 1 4 , t" 4 ,1 9 4 . 1 4 0 9 n , J 0 2 5 0 , 9 5 9 3 3 
« 3 5 M 2 1 7 4 H 4 4 4 / 7 4H 4 4 4 7 0 , 4 5 6 4 0 , 5 0 9 5 0 
e » - 3 3 H i 2 4b 7 7 8 7 o 1 3 9 4 1 0 2 2 41 9 6 

J 4 •> ! 1 73r> 7 7 8 6 1 / 3 6 7 7 6 0 3 , 2 b o 8 0 , 0 7 3 4 7 
* 4 5 3 1 1 n 3 * i o o 5 6 3 J 6 6 5 0 , 1 1 6 7 0 , 7 3 1 7 4 
H 4 5 H 2 1 4.1 h i H I 4 3 8 1 * 1 b , M 8 2 4 0 , 7 / 2 2 3 
* 4 5 6 1 2 1 1 2 5 o 5 o 0 | 1 2 5 6 5 6 * 1 2 , 3 6 3 5 0 , 1 2 6 9 9 
E " 4 b o i 2 419 2 5 5 1 * 1 3 9 4 5 3 1 , 6 4 8 7 

- 1 2 3 , 2 7 e , 2 5 2 4 2 7 8 , 2 5 2 4 0 , 4 4 0 3 0 , 5 1 7 1 2 
M 2 3 B J 1 2 2 2 9 2 5 ? 4 2 2 2 9 2 5 2 4 3 , 5 5 2 8 0 , 0 6 2 2 6 
M 2 3 B 2 1 5 1 7 5 3 8 5 5 1 7 b 3 8 5 0 , 8 2 4 8 0 , 6 2 8 5 0 
M 2 3 B 1 2 1 2 7 . i & , 9 o l 6 9 6 1 5 4 , 3 * 3 4 6 0 , 0 4 0 9 1 
E M 2 3 8 5 2 4b 3 0 1 17 , 6 7 0 2 6 2 7 , 4 5 5 6 

- 1 2 4 1 6 n H / 4 & 9 0 8 6 0 4 0 9 1 , 1 3 2 3 0 , 2 9 2 7 5 
" 1 2 4 8 1 1 2 7 3 m i 2 4 2 7 3 0 0 2 4 0 , 4 4 9 3 0 , 5 1 2 8 4 
M 2 4 h 2 1 b 9 * , 6 l 5 4 o 9 t f , 6 1 5 4 1 , 1 3 6 5 0 , 2 9 1 8 2 
M 2 4 B 1 2 1 2 , 4 6 1 5 2 , 4 6 1 5 0 , 4 4 4 1 0 , 9 4 8 1 1 
E M 2 4 B 1 2 4 b 2 9 1 6 7 , 2 5 4 b 6637 , 6 5 1 1 

M 2 5 1 2 7 6 , 2 5 2 4 2 7 6 2 5 2 4 0 . 3 5 5 3 0 , 5 6 0 0 3 

M 2 S B I 1 1 3 7 3 1 0 1 1 3 7 , 3 1 0 1 0 , 1 7 6 6 0 , 6 7 9 4 2 

M 2 5 B 2 1 5 8 1 8 6 4 6 b b l , 8 8 4 6 0 , 7 4 6 4 0 , 6 0 4 4 9 

" 1 2 5 8 1 2 1 1 3 , 1 6 3 5 1 3 , 1 6 3 5 0 , 0 1 6 9 0 , 8 9 2 3 4 

C M 2 5 6 1 2 4B 3 7 3 1 8 , 6 3 9 4 7 7 7 , 4 7 1 7 

M 3 4 ! 2 8 7 , 7 7 6 B 2 8 7 , 7 7 6 8 0 , 3 0 5 9 0 , 5 8 9 3 8 
N 1 3 4 8 J | 3 8 5 2 , 7 7 8 8 3 6 5 2 , 7 7 6 b 4 , 0 9 5 5 0 , 0 4 5 6 8 

M 3 4 B 2 1 4 k) 6 , 0 6 0 1 4 r 1 0 , 0 6 0 1 0 . 4 3 1 6 0 , 5 2 1 2 8 

M 3 4 M 2 1 2 2 2 9 , 2 5 2 4 2 2 2 ^ , 2 5 2 4 2 , 3 6 9 7 0 , 1 2 0 5 0 
E M 3 4 8 1 2 4 8 4 5 1 5 4 , 8 7 9 8 9 4 4 , 7 2 6 7 

" 1 3 5 j 2 5 5 , 4 7 1 2 2 5 5 , 4 7 1 2 0 , 4 5 9 4 0 , 5 0 6 0 9 

" 1 3 5 8 1 1 1 3 8 , 4 6 1 5 1 3 6 , 4 0 1 5 H . 2 4 9 0 0 . 0 2 5 7 9 

" 1 3 5 b 2 1 1 0 , 7 9 0 9 1 0 , 7 9 * 1 0 » , 0 1 9 4 0 , 8 8 4 7 7 

M l 3 5 B 1 2 \ 2 ? l f c , 7 7 1 0 2 2 1 0 , 7 7 t 6 3 , 9 7 5 7 0 , 0 4 9 0 3 

E M 3 5 M 2 4 6 2 6 6 9 1 3 7 9 6 5 5 6 , 0 7 0 4 

" 1 4 5 J 24L1 0 3 8 5 2 4 b , . 1 3 8 5 0 , 2 6 0 9 0 , 6 0 4 8 6 

M 4 a d l 1 t i n H 6 6 6 1 1 0 , 0 6 6 5 0 , 1 2 8 8 0 , 7 2 1 6 8 
" 1 4 5 B 2 1 I W I H 7 5 2 4 I C l o , 7 5 2 4 1 , 1 9 2 3 0 , 2 8 0 0 0 

M 4 £ > A 1 2 1 9 3 9 0 0 ? 4 * 3 9 , 0 0 2 4 1 , 0 9 6 9 fc,30017 

E M 4 5 B 1 2 4 6 4 1 0 1 4 4 9 5 2 rt54, 4 6 8 0 

" 2 3 4 J 2 * 3 3 6 7 6 2 6 3 , 3 6 7 8 0 , 4 1 4 4 0 , 5 2 9 7 7 
" 2 3 4 B 1 1 I C I 9 0 6 0 1 1»' 9 , 0 6 0 1 0 , 1 7 1 6 0 , 6 6 3 5 3 

" 2 3 4 H 2 1 2 2 ? - 6 , l o 3 5 2 2 0 6 , 1 6 3 5 3 , 4 7 1 5 0 , 0 6 5 2 3 

" 2 3 4 8 1 2 1 3 b 8 , 4 7 1 2 3 « b , 4 7 1 2 0 , 6 1 1 3 0 , 5 5 5 8 7 

E H 2 3 4 M 2 4 0 3 0 5 t f 4 , 0 6 2 5 0 3 5 , 5 M 3 

" 2 3 5 J 1 4 1 , 9 4 4 7 141 , 9 4 4 7 0 , 2 5 1 7 0 , 6 2 3 9 8 

" 2 3 5 H J 1 2 7 3 , / 2 4 2 7 J , f i f i24 t 7 . 4 0 4 » 0 , 5 ^ 3 1 2 
" 2 3 5 H 2 1 1 2 * 5 , r * b 0 5 1 2 9 5 , 0 8 6 5 2 , 2 9 6 3 0 , 1 3 2 5 0 

- 2 3 5 8 1 2 1 2 3 4 , 2 3 4 , 0 0 ^ 0 0 , 4 1 4 9 0 , 5 2 9 6 3 

£ " 2 3 5 8 1 2 4 8 2 7 * 7 1 , 9 6 o 3 r > 6 J , * 9 9 3 
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N245 1 4 2 3 3 , t * t ' ? 4 4 2 3 3 , 0 0 2 4 4 , 6 / 4 1 0 , 0 3 4 8 2 
* 2 4 5 B l 1 1 5 1 , 4 4 4 7 1 5 1 , 4 4 4 7 0 , 1 6 4 7 0 , 6 6 9 3 0 
4 ? 4 5 b 2 1 2 2 9 9 , 2 4 : u ? 2 s ) 9 . 2 4 » * 2 , 5 0 0 6 0 , 1 1 6 6 4 
- 2 4 5 H 1 2 1 1 8 6 1 , 6 3 8 6 1 8 6 1 , 5 3 » 6 2 , 9 2 4 7 0 , 1 6 7 7 4 
E - 2 4 5 8 1 2 4 6 4 4 1 3 1 , 0 2 4 0 9 1 9 , 3 9 6 3 

• 34b 1 2 4 , 0 3 8 5 2 4 , 0 3 8 6 0 , 0 2 4 3 0 . 6 7 1 2 5 
- 3 4 5 8 1 1 I 1 8 , 4 7 1 2 1 1 8 , 4 7 1 2 0 , I 1 9 0 0 , 7 3 0 5 7 
H345B2 1 6 3 2 , 6 1 7 8 6 3 2 , 6 1 7 0 0 , 6 3 9 8 b , 5 6 6 6 4 
4 3 4 5 8 1 2 1 6 7 , n 9 4 7 8 7 , 6 9 4 7 . 0 , 0 8 8 7 0 , 7 6 4 5 6 
E - 3 4 5 d l 2 4b 4 7 4 5 0 , 3 6 2 9 9 8 6 , 7 1 4 6 

4 1 2 3 4 1 4 3 « , 1 1 7 8 J 3 / . 1 1 7 0 0 , 5 / 2 1 3 , 6 1 1 0 8 
4 1 ? J 4 d l 1 8 9 1 , 6 4 / 9 6 9 1 ,64.">9 1 , 0 4 / 6 0 , 3 1 3 7 3 
4 1 2 J 4 B 2 1 2 0 7 , 7 7 h 8 2 0 7 . 7 7 0 M 0 , 2 4 2 5 tf,63/21 

" 1 2 3 4 8 1 2 1 5 8 , 5 * * 0 5 8 , 6 / 0 4 0 , 0 6 6 3 0,79000 
E M 2 3 4 B 1 2 4* 41 1 2 2 , 6 8 7 5 8 5 6 , 7 2 2 / 

- 1 2 3 5 1 2 6 3 , 3 6 7 0 2 6 3 , 3 6 7 6 0 , 3 1 1 6 0 , 6 6 5 9 6 
- 1 2 3 5 H J 1 t , 6 0 ? 4 1 , 6 0 2 4 0,0/10 4 , 9 6 6 4 7 
- 1 2 3 5 d 2 1 1 2 1 6 , 6 1 6 4 1218 , 6 1 5 4 1 , 4 4 1 0 0 , 2 3 3 9 2 
- 1 2 3 5 B J 2 1 4 6 6 , 3 M 4 6 4 6 D , J 8 4 6 0 , 5 6 J 6 0 , 5 3 1 7 2 
E * 1 2 3 : > d l 2 4 0 4 0 5 7 0 , 6 2 9 6 043,221 U 

- 1 2 4 5 1 1 . 6 0 2 4 I , 6 0 2 4 0, / 0 1 5 0 , 9 6 8 3 2 

4 1 2 4 5 8 1 1 4 1 4 , 0 0 2 4 4 1 4 , 0 0 2 4 0 , 4 0 8 1 0 , 5 3 2 9 5 
- 1 2 4 5 B 2 1 1 4 7 7 , 5 3 6 5 1 4 7 7 , 5 3 8 5 1 , 4 5 6 4 0 , 2 3 1 5 2 
- 1 2 4 5 8 1 2 1 2 2 . 1 5 3 8 2 2 , 1 5 3 8 0 , 0 2 1 8 0 , 8 7 7 8 5 

E - l 2 4 5 0 1 ? 46 4 8 6 9 c , 3 / 2 9 1 / 1 4 , 5 / 6 3 

-1 3 4 5 1 I B , 1 6 3 5 1 3 , 1 6 3 5 0 , 0 1 6 4 0 , 8 9 4 0 6 
*1 3 4 5 8 1 1 2 4 9 , 2 4 i 2 4 2 4 9 , 2 4 0 4 0 , 3 1 0 4 0 , 5 8 6 6 8 

- 1 3 4 6 6 2 1 3 1 9 5 , 6 9 4 7 3 1 9 5 , 6 9 4 7 3 , 9 7 9 9 0 , 0 4 8 9 2 
- 1 3 4 5 i l 2 1 2 5 7 , 0 4 0 9 2 5 7 , 0 4 0 9 0 , 3 2 0 1 0 , 6 8 4 9 1 

E - l 3 4 5 6 1 2 4 6 3 0 5 4 ? , ? 3 5 6 8 f c 2 , 9 6 3 2 

-2 U 6 1 4 . 3 , 0 / 2 4 4 0 . / B 2 4 0 , 0 7 9 4 0 , 7 7 6 0 2 
- 2 3 4 6 8 1 1 2 8 9 , 4 4 4 7 2 8 9 . 4 4 4 7 0 , 5 7 4 5 0 , 5 4 1 4 4 
- 2 3 4 5 8 2 1 1 5 3 0 , 4 6 1 5 1 5 3 0 . 4 6 J 5 3,0537 4 , 0 6 3 3 0 
- 2 3 4 5 8 1 2 I 1 5 7 , 5 3 8 6 1 5 7 , 5 3 6 5 0 , 3 1 2 7 0 , 5 8 5 3 1 
E - 2 3 4 6 o l 2 4 6 2 4 1 8 2 . 8 ^ 2 9 5 0 3 , 0 0 0 4 

- 1 2 3 4 5 1 1 6 6 , 8 1 0 1 1 6 0 , 8 1 0 1 0 , 3 5 4 0 0 , 5 6 1 6 8 
4 1 2 J 4 5 B 1 1 1 3 9 , 6 1 7 6 1 3 9 , 6 1 7 6 0 , 2 9 2 8 0 , 5 9 7 4 4 
« 1 ? 3 4 5 6 2 1 1 8 1 9 , 4 7 1 2 1 8 1 9 . 4 7 1 2 3 , 8 1 5 1 0 , 4 5 3 6 4 
- 1 2 3 4 5 B 1 2 1 7 7 5 , 5 3 8 5 7 7 5 . 5 3 8 5 1 , 6 2 6 2 4 , 2 0 5 6 0 
6 - 1 2 3 4 5 0 1 2 4 0 2 2 8 9 1 , 8 1 2 5 4 7 6 , 9 1 2 8 

N 1 6 1 2 1 0 1 0 7 4 6 , 7 5 0 / 

f S u / N » 4 3d?4 9 d , r i 0 6 5 N t 1 6 6 4 S S 1 = 2 / 8 0 1 1 5 , 9 1 3 5 



4 7 1 

APPENDIX D D e r i v a t i o n o f t h e c o r r e c t i o n c o n s t a n t s . 

I f x, y are the observed co -ord inates of a point whose r e a l 

co-ordinates are z , t then the c a l c u l a t e d co-ordinates 

( z ' , t ' ) are given by: -

z' = Ax + By + C , . , . ( 1 ) 

t 1 = Dx + Ey + F (2) 

where A , B , C , D , E , and F are constants . 

By the method of l e a s t squares the best f i t to the data i s 

when the sum of the squared e r r o r s i s minimised. 

This sum i s given b y : -

E = Z { ( z - z ' ) 2 + ( t - f ) 2 } 

s u b s t i t u t i n g from (1) and (2) 

£ = E ( z - A x - B y - C ) 2 + E ( t - D x - E y - F ) 2 

Minimising the p a r t i a l d i f f e r e n t i a l s : 

^ = 2 I ( z - A x - B y - C ) ( -x ) = 2 {A E x + B E xy + C E x - E x z } = 0 (3) 
6 A 

• j | = 2 Z ( z - A x - B y - C ) ( -y ) - 2{A Z xy + B E y 2 + C E y - E y z } = 

= 2 E ( z - A x - B y - C ) ( -1) = 2 {AT x + B E y + N C - Ez } 

0 (4) 

0 (5) 

where N i s the number of points considered. 

= 2 Z ( t - D x - E y - F ) ( -x ) = 2 {D E x 2 + E l xy + F E x - E x t } = 0 (6) 

•g-g = 2 Z ( t - D x - E y - F ) ( -y ) = 2 { D E xy + EE y 2 + F E y - Eyt } • 0 (7) 

6Z 
6F 

2 E ( t - D x - E y - F ) ( -1) = 2 { D E x + EE y + N F - Z t } = 0 ( 8 ) 

Using matr ices to so lve the simultaneous equations (3) (4) and ( 5 ) . 

B -1 

E xy E x 

N 

- E X z 

- E y z 

- E z 

E x " 

E xy 

E x 

E x - E x z 

E y E y z 

N E z 

E x " 

E xy 

Ex 

E xy 

y 2 

Exz 

Eyz 

Ez 

Ex 

Exy 

Ex 

Exy 

y 2 

£y 

Ex 

N 
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Then: 

A = { E x y (NEyz - Ey E z ) _ Z x ( E y ; y z - E z E y 2 ) - E x z ( M y 2 - £ y ) 2 ) } / D E N 1 

2 

B = - { E x (NEyz - Ey E z ) - E x( Ex E y z - 7. z E x y ) - E x z (NExy - E x E y)} / D E N 1 

C = { E x 2 (Ey Eyz - E z E y 2 ) - Exy ( E x E y z - E z E x y ) - E x z £ yExy - E x E y 2 ) } / D E N 1 

where the denominator DEN 1 i s g i v e n by: 

DEN 1=- { E x 2 ( N E y 2 - ( E y ) 2 ) - Exy (NExy - E x E y ) + E x ( E x y E y - E x E y 2 ) } 

S i m i l a r l y s o l v i n g the s i m u l t a n e o u s e q u a t i o n s ( 6 ) , (7) and ( 8 ) : 
D -1 

E xy Ex - E x t 

E y 2 Ey - E y t 

E y N - E t 

then 

E x E x - E x t 

E xy E y E y t 

E x N Et 

E x E xy - Ext 

E xy E y 2 - Eyt 

E x E y Et 

E x Exy Ex 

2 
E xy Ey' 

E x Ey 

s y 

N 

D = { E x y ( N E y t - Ey E t ) - E x ( E y E y t - E y E t ) - E x t ( N E y 2 - ( E y ) 2 ) } / D E N 2 

E = - { E x 2 (NEyt - Ey E t ) - Ex ( E x E y t - E x y E t ) - E x t (NExy - E x E y ) } / D E N 2 

F = { E x (Ey Eyt - Ey E t ) - Exy ( E x E y t - Exy E t ) - E x t ( E x y E y - E x E y , VDEN 2 

where the denominator DEN 2 i s g i v e n by: 

DEN 2 • - { E x (NEy - ( E y ) 2 ) - E x y (NExy - E x E y ) + E x ( E x y E y - E x E y 2 ) } 
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APPENDIX F 

The F i g u r e s i n t h i s Appendix show the f i x a t i o n l o c a t i o n s o f 

the Ss i n t h e 6 a l t e r n a t i o n c o n d i t i o n s o f Exper iment 6 and a l s o 

the c o r r e s p o n d i n g graphs o f saccade l e n g t h s . 

The S p a t i a l P l o t s 

The f o l l o w i n g symbols a re used t o i n d i c a t e t he response s t a t e : -

• NO 

0 ST 

. NR 

X YW 

+ ow 

The c i r c l e d symbol i s t h e f i x a t i o n p o s i t i o n b e f o r e the S 's f i r s t 

response o f YW o r OW. The l i n e s i n d i c a t e t h e saccades between f i x a t i o n 

l o c a t i o n s w h i c h were accompanied by a change i n t h e S ' s response . A 

b l i n k d u r i n g t h i s change o f response i s shown by a d o t t e d l i n e . 

The Graphs 

For each f i g u r e t h e S 's response o f YW, OW o r NR i s shown p l o t t e d 

ove r t h e 10s p e r i o d . The v e r t i c a l a x i s o f each response s t a t e 

r ep re sen t s t h e saccade l e n g t h o f each eye movement w h i c h o c c u r r e d 

w h i l s t t he S was making t h a t response. Each f i x a t i o n i s r e p r e s e n t e d 

by a p e r i o d o f t i m e on t h e h o r i z o n t a l a x i s f o l l o w e d by an eye 

movement. H ie eye movement between a change o f response i s i n d i c a t e d 

by a t r i a n g l e a t t h e base o f t h a t saccade. An eye movement d u r i n g a 

b l i n k i s i n d i c a t e d by a square a t t h e t o p of t h e c o r r e s p o n d i n g 'saccade 

l e n g t h ' . 

An example i s f i r s t g i v e n t o c l a r i f y t h i s . 
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APPENDIX G 

Eye movement strategies involved in face perception 
( R e p r i n t e d from Perception,1977,volume 6, 
pages 313-326) 

Gail J Walker SmitMl, Alastair G Gale§, John M Findlay* 
Department o1 Psychology, University ol Durham, South Road, Durham DH1 3LE, Enyland 
Received 2b June 19/0. in it'vised form 20 December 1970 

Abstract. Recordings were nude of the eye fixations of three subjects in two tasks involving black-
and-white photographs of faces. In the first task, subjects matched a test face with a previously 
viewed target face, in the second task, subjects compared two simultaneously presented faces. The 
eye movements were recorded with a corneal reflection technique. 

Each subject showed an individual fixation strategy for the tasks; in particular each subject had 
one or more preferred facial features which were viewed foveally in both tasks. The subjects also 
showed some tendency to use a regular sequential pattern of eye movements. However, the 
sequences used differed from one task to the other. Although some aspects of the results support 
the scanpath hypothesis of Noton, it is suggested that an alternative interpretation is possible. 

1 Introduction 
Our extraordinary capacity and ability for the recognition of human faces is impressive 
(Ellis 1975). A face can be recognised and discriminated from a multitude of others, 
whereas equally complex stimuli such as inverted faces (Yin 1969) and photographic 
negatives of faces (Galper and I loch berg 1971) cannot be identified with the same 
facility. 

When a face or a picture is viewed, only a small part of the stimulus will normally 
be looked at in foveal vision. Records of eye movements (Yarbus 1967; Mackworth 
and Bruner 1970) show that foveal vision is mainly reserved for elements containing 
essentia! information required by the observer during perception. In the case of face 
perception, most attention is paid to the eyes, nose, and mouth. The relative 
importance of these facial features in recognition tasks is debatable. Some workers 
have suggested that the eyes and the upper part of the face are most important 
(Goldstein and Mackenberg 1966) whilst the lower half has been favoured by Howells 
(1938). 

Various theories of perception have emphasised the sequential nature of pattern 
viewing (Hebb 1949; Hochberg 1968; Noton 1970). Hochberg (1968) introduced 
the idea of a schematic map, where successive foveal glimpses are synthesised, together 
with the corresponding eye movement information, into an overall percept. The 
most explicit theory of recognition of this nature is the scanpath hypothesis (Noton 
1970; Noton and Stark 1971a, 1971b). This proposes that recognition is a serial 
process whereby information is extracted with the use of a fixed order sequence of 
eye movements both during the time when a stimulus is first identified and memorised, 
and during recognition on a later occasion. Noton suggests that initially a subject 
learns to recognise and memorise a stimulus by representing it in memory as a 
sequence of memory traces which form a "feature ring'. These traces contain 
information both about sensory (visual) features and about motor (eye movement) 
shifts. This also describes the way information is processed during recognition, each 
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subject having "... a fixed and characteristic path which he follows from feature to 
feature both when viewing the pattern and when matching it with its internal 
representation during recognition" (Noton and Stark 1971b). These fixed paths are 
called scanpaths. Evidence for the hypothesis occurs in an experiment (Noton and 
Stjrk 1971c) in which large, blurred, simple line drawings were presented rather close 
to the eyes. The authors suggest, following Hebb (1949), that under normal viewing 
conditions the overt eye movements of the scanpath might be replaced by internal 
shifts of attention. Scanpaths have been reported by Gould (1967) and more recently 
by Locher and Nodine (1974), although their existence has been disputed (Mackworth 
and Burner 1970; Spitz 1971; Haber and llershenson 1973). 

Face perception is a situation which appears suited to an experimental investigation 
of the scanpath hypothesis, since the overall form of a face changes rather little from 
one example to another and the majority of the difference between faces may lie in 
the internal features. Consequently it seems plausible to suppose that, if scanpaths 
are being used, they will be produced whenever a face is viewed. It may be noted 
that Noton and Stark (1971a, 1971b) discovered scanpaths when subjects looked at 
an outline drawing of a face. Accordingly we studied eye movements in a facial 
recognition task to assess the presence or absence of scanpaths. In experiment 1 
subjects were asked to make a same/different judgment about a series of faces 
presented sequentially after the memorisation of a standard face. In experiment 2 
subjects performed a similar task in which the two faces were presented simultaneously. 

2 Method 
2.1 Subjects 
Three female undergraduates served as subjects. 

2.2 Stimulus material 
Twenty-two different black-and-white photographs of human faces were selected from 
old department records. Any face with spectacles was excluded. For experiment I 
five sets of five faces each were chosen so that all the faces within each set appeared 
subjectively similar in overall characteristics. In three of the five sets, one face 
occurred twice. In experiment 2 a set of eight face pairs was used, each pair matched 
subjectively for similarity of overall type. Six pairs were of different faces whilst the 
remaining two pairs showed the same face duplicated. 

The photographs were mounted in a 24 mm x 36 mm slide binders. The single 
faces were all placed centrally on the slides. The double faces, which were slightly 
smaller, were placed one above the other. The faces were in square frames and any 
excess slide area outside the frame was masked to appear black. The magnification of 
the faces in each experiment was adjusted so that the interocular distance was the 
same for each face. This had the consequence that the masked black area varied 
slightly from slide to slide. 

2.3 Procedure 
2.3.1 Experiment 1. The subject was shown a series of photographs of faces, in each 
case preceded by a central fixation spot. The visual angle subtended by the surround 
frame was 14° x 22°. The first face, which will be referred to as the target face, was 
presented for 10 s. Then a set of four test faces followed which had to be compared 
with the target face. This procedure was repeated for each of the five sets. The four 
comparison faces had to be judged as the same as, or different from, the target. To 
indicate her response, the subject was instructed to press one of two buttons as soon 
as her decision was made. This response terminated the slide presentation. Between 
each stimulus presentation a blank field was projected for 5 s followed by a further 
5 s in which the fixation mark alone was shown. This was controlled by an electronic 
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timing device which also made a record on the videotape used lor recording the eye 
movements (sec below). The live sets of stimuli were labelled A, B. C , I), h and the 
test stimuli within each set labelled from I to 4. Test faces A4, C4. and 13 were 
identical to the corresponding target lace. 

2.3.2 Experiment 2 A series ol two faces, presented simultaneously, were shown to 
the subject. She was instructed to indicate as quickly as possible whether the pair 
were the same or different. I ight stimulus slides were projected (labelled 1-8) of 
which two (numbers 3 and 6) were of identical pairs. Again the subject's response 
terminated the slide presentation. The interstimulus interval was again 5 s of a 
plain field followed by 5 s of a central fixation spot. 

2.4 Stimulus order 
Each subject received the different stimuli (and also the different sets of stimuli in 
experiment I ) in a different, randomly selected, order as follows: 
Experiment I 
subject A: D4, 1,3, 2. 13, 2, 1, 4; A2, I , 3, 4; ( 2. 1, 3, 4; B4, 3, 2, 1; 
subject B: ( 4 , 3, 2, I ; D l , 4, 2, 3; A3, 1, 2, 4; B3. 1, 2, 4; E4, 3̂  2, 1; 
subject C: C3. 2, 1,4: B2, 4, 1,3; 1)3,2,4, I ; E4, 3, 2, 1; A 3 , 4 , 2 , 1. 
Experiment 2 
subject A: 4, 5, 7. 8, 1,6, 3, 2; 
subject B: 3 , 2 , 6 . 8 , 7 , 1 ,4,5; 
subject C: 6, I , 3,4, 8, 2, 5, 7. 

2.5 Eye movement recording 
Eye movements were measured by taking a video recording of the right eye. in which 
was visible the corneal reflections of four infrared marker lights (placed at the 
corners of the stimulus area). This technique was developed for use with infants by 
Haith (1969). Some theoretical considerations concerning its use have been given by 
Slater and Findlay (1975). For each subject, an experimental session was initiated 
and terminated by a recording made whilst the subject was fixating a series of 
positions on a calibration slide. From this calibration the true fixation positions 
when the subject was viewing the test slides could be assessed. The calibration was 
incorporated into a computer program which was used to analyse the experimental 
results and plot the records of fixations. The method allows eye position to be 
ascertained with an accuracy better than 1°, evaluated from the variation in recorded 
positions found when the subject makes a series of fixations and refixations. Further 
details are given elsewhere (Gale and Findlay, in preparation). 

3 Results and discussion 
3.1 General 
The data consist of the eye fixation records, presented in figures 1 to 5, together 
with the values of the decision latencies given in tables 1 and 2. Detailed discussion 
of the results is given in later sections, but a few genera! points can be made here. 

No incorrect decisions were made. However, the latency on a particular trial may 
be used to give an indication of the difficulty experienced by the subject on that 
trial. In each experiment, decision times for the same' and 'different' responses 
were analysed for each subject. In experiment I three test stimuli were the same as 
the corresponding target stimulus. Latencies for the 'same' responses were greater 
than for the 'different' responses (Mann-Whitney U test. Subject A: ( 7 = 2 , 
p < 0 02; subject B; V = 10, p = 0-10; subject C : U = 5, p < 0 05). This is 
possibly a reflection of the relative infrequency of the 'same'category. In experiment 
2, no significant differences emerged for the two types of stimulus. 
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Considering the fixation records, it is apparent that the areas of the stimulus which 
were foveally viewed were not randomly selected. In both experiments the majority of 
the fixations fell in an area bounded by the eyebrows and the mouth. The finding that 
only a small proportion of the stimulus area received fixations is in line with the 
conclusions of Mack worth and Bruner (1970). Instead of utilising the time available in 
an attempt to fixate as much of the stimulus as possible, fixations frequently returned 
to parts of the stimulus which had already been viewed. This type of behaviour has 
been noted previously (Yarbus 1967). It is particularly apparent in the records for each 
subject from the 10 s viewing period of the target faces in experiment I. One example 
of such a record is shown in figure 1. Another similarity between the subjects in eye 
movement strategy may be noted in experiment 2, where on all but two of the individual 
trials the first fixation made was to the upper face. 

/ 

v 

\ 
\ 

Figure I . Example of an eye movement record (subject A, face E) in the 10 s 'memorisation' phase 
of experiment 1 when the target face photograph is viewed. The traced thin line shows the face 
outlines and the thicker line represents the saccades. Fixations occur where this line changes 
direction. This example was chosen because the scanning pattern can be traced without inordinate 
difficulty on the reproduction. Other cases show in general more repetition of fixations on a 
particular feature. 

1 2 3 4 1 2 3 4 
7 

7 

r r. 

B 

\ 4 
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i GO 

Figure 2. Eye fixations made when a subject is comparing a face presented with one previously 
memorised. Records are from subject A. The facial outlines were traced from the black-and-
white photographs. The eye movement paths show the saccades. Fixations occur at the points 
where the trace changes direction. 
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3.2 Scanpaths 
It was hoped that the repetitive nature of the task might induce the subject to 
adopt a regular strategy of eye movements. In particular, if a scanpath was involved 
in facial memory then it should be made manifest in these experimental situations. 
It is necessary to discuss certain problems inherent in the idea of scanpaths before 
examining the data. 

The scanpath hypothesis invokes a form of visual memory in which a high level 
'motor programme' sequence of eye movement commands is available. The memory 
consists of copy of this eye movement sequence stored together with the sensory 
information resulting when it is executed. In the strongest form of the theory 
(Noton 1970) no use is made of information in peripheral vision during the 
recognition phase (although peripheral vision does play a part in the memorising 
phase). Various modifications and extensions are suggested (Noton 1970; Noton 
and Stark 1971b), in particular (i) more use of peripheral vision, (ii) use of internal 
attention shifts rather than overt eye movements, (iii) recognition on the basis of only 
part of the total scanpath, and (iv) elaboration of the feature ring concept, that is, a 
unique pattern of saccades, into a feature network allowing multiple saccade patterns. 
Although in every case quite plausible, these modifications all render the hypothesis 
less amenable to experimental test. 

Two further practical problems must be noted. The first concerns the 
correspondence between the proposed saccade command sequence and the actual eye 
movements executed. Even in the simple situation in which a subject moves his eyes 
voluntarily between two fixed markers the eye movement frequently takes the form 
of a double saccade—an initial step followed by a second corrective step. The latter 
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Figure 3. Eye fixations made when a subject is 
comparing a face presented with one previously 
memorised. Records are made from subject B. 

Figure 4. Eye fixations made when a subject is 
comparing a face presented with one previously 
memorised. Records are from subject C. 
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may be in any direction and is controlled by a peripheral feedback loop (Weber and 
Daroff 1971, 1972). It appears that the effector mechanism whereby an eye 
movement command signal is converted into an actual movement is not intrinsically 
ver> precise but achieves precision b\ the use of feedback mechanisms. Thus small 
saccades seen in records may be the result ol these mechanisms. A second problem 
is that it is not possible to decide on a priori grounds exactly what precision is 
required by the scanpath hypothesis. For example a fixation which falls within, say, 
2° of a pattern element may nevertheless be close enough to allow the requisite 
information to be extracted. 

Thus there are considerable difficulties in testing the scanpath hypothesis. 
However, the following criteria still appear to be relevant. 
1 If a task is achieved by means of scanpaths, then the eye movement sequences 

produced when viewing a set of identical or similar pictures should show similarity 
of form, allowing some latitude because of corrective saccades and the lack of 
precise positioning. 
Although this appears to be a necessary condition for the scanpath hypothesis to 

be upheld, it is of course not a sufficient one. Regularities of eye movement 
sequence could be purely a matter of motor strategy and unrelated to any required 
sequential order in the intake of sensory information. This also applies to the 
assertion that the eye movement sequences in memorisation are similar to those in 
recognition. Further criteria must be invoked and two tentative suggestions are as 
follows: 
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Figure 5. Eye fixations in experiment 2. Two faces were presented simultaneously and the subjects 
judged whether they were the same or different. 



514 

2 In cases in which the regular sequence of eye movements is not lolloucd. if the 
scanpath hypothesis is concct. identification should be less accurate or else should 
take longer. 

3 A subject should show the same scanpath when concerned with different tasks 
involving recognition of the same material. 
For scanpaths to have any significance in everyday perception, when retinal images 

occur in varying sizes and projections, it must be possible for the sizes of the 
scanpatl saccade s to be scaled accordingly. Noton (1970) has suggested such a 
scaling process. 

Table 1 Values of the decision time (s). and Ihe cumulative length of the tolal saccade path 
travelled (") during tl e course o the decision made for each stimulus in experiment 1. 

Stimulus Subject A Subject B Subject C 

decision saccade decision saccade decision saccade 
time length time length time length 

Al 0 9 13-6 0-8 4-7 0 6 6 8 
A2 0-8 9-4 3-3 28 5 0-6 9-2 
A3 0 9 10-2 1 -4 8 1 11 15 9 
A4 2-5 36 5 1 -9 18 6 1 0 10 7 
Bl 2-4 480 11 4-3 0-9 6-7 
B2 0 9 12 6 1 0 11 0 1 3 15 7 
B3 0 8 14 2 1 0 15 8 1 0 17 2 
B4 1-5 13 6 0 8 5-5 0 8 9 1 
CI 1 9 180 1 0 5-4 0 9 7-8 
C2 1 7 22-2 1 -4 14 7 1 3 16 4 
C3 1 0 12-3 0-8 10 3 1 1 1 1 6 
C4 3 6 48-8 2 8 19 0 ~t • 2 24 2 
Dl 1 1 15-3 0 6 5 1 0 8 7-8 
D2 1 0 16 5 0-8 4 4 0 9 15 6 
D3 1 9 20-6 1 -5 5-5 11 19 5 
D4 2 0 27-9 2-5 23-8 0 7 7-6 
El 0-9 5-7 0 8 5-9 0 8 8-5 
E : 0-8 7-6 0 6 4 0 0 9 12-2 
E3 21 18 8 11 3-8 1-5 11-9 
E4 0-6 7-7 1 2 8-9 0 9 7 2 

Mean 15 19 0 13 10-4 11 12 1 

Table 2. Values of the decision time (s) and the cumulative length of the total saccade path 
travelled (°) during the course of the decision made for each stimulus in experiment 2. 

Stimulus Subject A Subject B Subject C 

decision saccade decision saccade decision saccade 
time length time length time length 

1 2 0 45-5 10 14-4 1 1 26-3 
2 1-5 37-5 1 -5 29 1 1-2 364 
3 1-8 42-8 2 7 620 1 0 22 6 
4 2-2 44-5 1 2 29-7 10 24-7 
5 3-4 58-7 3 3 35-7 10 35-4 
6 2-4 62-8 3-8 40-1 16 49 8 
7 2-5 55 6 1-7 37 4 0-8 237 
8 1 8 32-2 14 251 1-5 371 
Mean 2-2 47-4 21 26-9 10 33-2 
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This is examined here by comparing the eye movement patterns when a single lace 
was viewed in experiment 1, with those occurring when a pair of smaller laces was 
viewed m experiment 2. An additional assumption here, to be examined later, is 
that simultaneous face comparison evokes the same process as sequential comparison. 

Ihese criteria ma> now be applied to the data. The eye movement patterns 
during the rec<»unition phase of experiment 1 are presented in figures 1-3, lor each 
subject in turn l or each stimulus the method ol presentation w;is designed to 
produce an initial fixation on the midnose position. In several cases this did not 
occur, possibly because the instructions to maintain fixation on the preliminary spot 
were not sufficiently emphasised. However, in the majonu of cases the first fixation 
fell in the correct position and the following lixations may be examined for regularities. 

When the next two lixations are examined, it is seen that the subject frequently, 
although not invariably, followed the same course as shown in detail below. The 
courses followed were, however, very dit lei out lor each subject. 

Subject A. The sequence midnose -*• right eye nostril or mouth occurred on 
twelve occasions ( l\ i.e. A l , A3, B2. B3, C2, C3, I ) ! , 1)2, 1)4, 1:1, 12, 1.3. On at 
least lour of the remaining cases (A2, B l , D3, L4) it is possible that the same 
sequence was being executed less accurately. 

Subject B. The sequence midnose -* mouth, followed by a small saccade in the 
mouth or nostril area was seen on fifteen occasions, i.e. A l , A3, A4, B l , B3, B4, C I , 

Subject C. The sequence, midnose -* left eye -*• upper nose or right eye, was seen on 
thirteen occasions, i.e. A l , A2, A4. B4, C2, C4, D l , D2, D3, D4, h i , E 3 , E4, and the 
reverse sequence (again possibly an inaccurate execution of the original sequence) 
appeared on A3, B l , B2, B3, C I , E2 . 

These results do demonstrate that subjects will normally use a regular scanning 
strategy when viewing faces in a recognition task. The proportion of cases where this 
occurred is comparable to the figure of 1*5'% found by Noton and Stark (1971b). To 
what extent is the task facilitated by the use of this procedure? The latencies for 
judgment in cases where the normal scanning sequence was used and those in which a 
different sequence occurred may be compared. Table 3 shows the mean latency in 
each group (the figure in brackets shows the number of cases on which it is based), 
and also the Mann-Whitney U statistic for the comparison. Responses to the 'same' 
stimuli A4, C4, and E3 have been excluded. 

Although only one of the individual comparisons reached significance, the trend in 
each case was strongly in the direction that cases without the regular scanning sequence 
lead to longer latencies. Thus criterion 2 is satisfied and thus the scanpath hypothesis 
is upheld, although it will be argued later that this result can equally well be explained by 
using a feature comparison theory without use of the scanpath hypothesis. 

Table 3. Mean latencies for trials in which the regular eye movement sequences is followed and for 
other trials. The figures in brackets show the number of cases contributing. 

C2, C3, D l , D2, D3, E l , E2 , E4. 

Regular sequence Other sequence V 

Subject A 0-92 (s) (11) 
Subject B I-02 (s) (13) 
Subject C 0 82 (s) (10) 

I-88 (I) (6) 
1-70 (s) (4) 
102 (s)(7) 

25 ( p > 0 05) 
1 2 i ( p > 0 05) 
II (p = 0 01) 

( , ) 'Right* eye is used to refer to the eye which would be the right eye of a person viewed in an 
encounter. It is the eye which appears on the left of the reproduced drawings. 
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Do I he regular sequences appearing in experiment 1 also appear in the simultaneous 
comparison task of experiment 27 

l or subject A. the sequence, midnosc - righl eye -* nostril mouth, appeared only 
once, in lace 8 (upper). However, since the midnose position in experiment I is in 
fact the initial position it is possible that this is not an integral part ot the scanpath. 
Ihe sequence, lei 1 eye -* nosliil/mouth, can be detected in the following 2(lower), 
3(lower), 7(upper), 8(upper>, 8(lower). 

For subject H, the sequence, midnose -*• mouth, occurred as follows: 2(lower), 
3( lower), 4( lower), 5(lower), hi lower). Small fixations around the mouth occurred 
in 3(upper). 4<upper), 5(upper). 6( upper), 7(upper), 8(upper), 8(lower) It is possible 
that in other cases these occurred but were not scored as separate fixations. 

Eor subject C\ the sequence, midnose -* left eye -*• upper nose, was never seen and 
the second half of this sequence occurred on only one (possible) occasion, 8(upper). 
However, the sequence, midnose -*• left eye, was seen on several occasions: 1 (lower), 
2<lower). 3(lower), 4(lower), 5<lower), 6(lower). Ilius even when the fixation 
sequences of experiment I aie reduced to their smallest possible component, a sequence 
of two fixations, these are only observed as a small proportion ol the stimuli of 
experiment 2. It is of note also that the regularities observed are seen to occur 
almost entirely on only one member of the pair (either the upper or the lower face). 
This suggests that they occurred as a consequence of a scanning strategy that took 
in the entire double face pattern, rather than one which had reference to the 
individual faces. It is also noteworthy that in all but two cases (subject B, number 1, 
and subject C, number 7) there were two or more large saccades which transferred 
fixation from one member of the pair to the other. It is clear that comparison was 
not effected by executing a scanpath on one face and then moving to the second and 
executing a scanpath on that. It does appear possible to interpret the results in terms 
of a sequential feature comparison process (see below). 

3.3 Features 
The term feature is widely used in current cognitive psychology although its definition 
is somewhat elusive. In this section an entirely pragmatic position will be taken in 
which the features of a face are assumed to be eyes, nose, and mouth, as in common 
parlance. It may be tentatively suggested that these features can only be identified in 
central vision (although since faces can be identified over a range of viewing distances, 
this requires a somewhat flexible view of 'central vision'). Thus a record of eye 
fixations gives a record of which features have been sampled. 

Examination of the fixation records shows that fixations were confined almost 
entirely to the eyes-nose-mouth area in all cases. This information is tabulated in 
table 4. This table shows the number of occasions on which a particular feature was 
actually fixated, and also the proportion of occasions on which a fixation fell in a 
region surrounding each feature. These regions, which have approximately equal 
area, are nonoverlapping with the exception of the regions for the nose and mouth, 
which both include the area between the top of the mouth and the nostrils (see 
figure 6) Because of possible measurement errors, the use of the fixation region is 
likely to be a more meaningful measure and results from this are plotted in figure 6. 

It is apparent that each subject tended to sample selectively only one, or possibly 
two, of the available features. However, these features, which may be called the 
target features, were different for each subject. Subject A used the right eye 
primarily, with the nostrils as subsidiary. Subject B used the mouth-nostril area, and 
subject C used the left eye. This selection is also borne out by the proportion of the 
initial lixations which fell into the appropriate regions. 
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Comparison of the distribution of fixations in the different target regions across 
the two experiments (figure 5) shows clearly that the ways fixations are distributed 
are very similar, in spite of the differences in absolute size of the face stimuli. For 
each subject the first and second most frequently fixated features of experiment 1 
are also those of experiment 2. The anomalous pattern of subject C will be discussed 
later. 

Subjects in the simultaneous comparison condition of experiment 2 appeared to be 
comparing individual features from each face. In all but three cases (subject B, 
numbers 6 and 7; subject C, number 7), at some point during comparison fixations 
were made on the same facia! region in both faces. 

Bradshaw and Wallace (1971), using data from a task similar to the present one, 
employing Identi-K.it*" faces as stimuli, concluded that the faces were compared feature 
by feature (the features used were the Identi-Kit components: nose, eyes, mouth, 
eyebrows, hair, chin shape, and age lines). They presented evidence which supports 

Table 4. Proportion of occasions in which a fixation occurred on a particular target, or target 
region, in each experiment (7<). A diagram illustrating the way in which the target regions are 
articulated is shown in figure 6. It should be noted that 'left eye' is the eye that would be the 
left eye of a person viewed in an encounter. Thus it is the eye that appears on the right of each 
reproduced drawing. In experiment 2, fixations from both faces are included in the evaluations, 
other than in the scores for the first fixation. 

Fixations: subject A Fixations: subject B Fixations: subject C 

on target initial on target initial on target initial 
target region target region target region 

Experiment J 
Left eye 10 30 10 5 10 - 75 100 85 
Right eye 65 95 85 5 35 5 35 70 -
Nose 65 90 5 55 90 40 35 80 15 
Mouth 40 60 - 70 100 55 5 20 -
Experiment 2 
Left eye 12 38 - 0 0 - 31 82 12 
Right eye 44 82 50 6 19 0 0 -
Nose 31 62 25 69 82 12 25 38 38 
Mouth 38 56 25 56 88 88 19 25 50 

subject A subject B subject C 

Facial regions 100 

• left eye 

o right eye * 80 
o nose 

a mouth 
60 

§.2 40 
o 

0 20 
o re 

f 
1 1 1 

Experiment number 

Figure 6. Comparison of the viewing strategies used by subjects in sequential and simultaneous 
comparison. In each experiment, the measure is the proportion of faces viewed in which a fixation 
is made in a particular facial region (regions as on inset figure). 

http://Identi-K.it*
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a serial sell-terminating scanning model whereby a decision is reached as soon as the 
first distinguishing feature is encountered. The present experiments'broadly support 
Bradshaw and Wallace's findings but suggest that decisions are not always made as 
soon as the first feature is fixated 

3.4 Individual differences 
Analysis of the data in tables 1 and 2 shows the following: 
( D in experiment 1. there was no significant dilference in the response latencies 
between subjects tor the test stimuli ( p > 0 05. 1 riedman lest); 
(ill in experiment 2. the subjects did show dilterent response latencies ip < 0 01, 
I tiedman lest): subject ( made faster decisions; 
(in) in both experiments, there was a significant difference in total saecade path 
length between subjects (p < 0-05 in both cases, Friedman test). 
I he computer program also evaluated a measure of the degree to which lixations 
weie Npread over the total stimulus area The measure, known as the repeat index, 
was defined as follows: 

(number of fixations) - (number of different points fixated) 
repeat index = , — , -.rz.— 

(number ol fixations) 
This parameter varies from zero when all the fixations fall in different places, to a 

value near unity when all the fixations fall in the same place. The evaluation 
regarded a fixation falling within 1° of a previous fixation as a repeat fixation. In 
experiment 1 the values of the repeat index ranged lrom 0 to 0-7. The mean values 
for each subject were: subject A, 0-17; subject B, 0-32; subject (', 0 1 1 . In 
experiment 2, the values ranged from 0 to 0-5, and the mean values for each subject 
were: subject A, 0 1 2 . subject B, 0 21 ; subject ( , 0-12. The intersubject 
difference in experiment 1 was significant (p < 0 01, Friedman test), although not in 
experiment 2, where fewer stimuli were used. 

The picture that emerges lrom these results is that subjects do differ in their 
behaviour on these tasks. Subject C demonstrated greater oculomotor efficiency, 
manifested in more distributed scanning and faster latencies. Similar differences 
between subjects have been reported by Gould and Dill (1969) in a task involving 
the discrimination of abstract patterns. These differences in general eye movement 
parameters are relatively small, however. Much more substantial differences emerged 
when the way in which the subjects distribute their fixations over the different 
regions of the face is considered. These data are presented in table 4 and figure 5. 

It is clear from these results that each subject had a tendency to fixate certain 
areas of the face. Moreover these patterns were largely maintained from the single-
race presentation to the double face. There is, however, a discrepancy in the results 
ol subject C Here it is found that fixations on the right eye, occurring in 70% of 
the stimuli in experiment 1, did not occur at all in experiment 2. The right eye is 
the third and last stage in the regular scanning sequence seen in experiment 1, and it 
appears that this part of the sequence disappeared first, possibly in the interests of a 
more elficient scanning strategy. The same individual patterns are also seen when the 
initial fixation on each trial is considered. Subject A tended to saccade initially to 
the right eye of the stimulus lace, subject B to the nostril-mouth area, and subject C 
to the left eye. Subject B, unlike the other two, maintained the same trend when 
the last fixation prior to the decision is considered. This is still normally in the 
nose-mouth region. This trend was not seen in the other two subjects and results 
from the fact that, for the test stimuli, subject B fixated little else other than the 
nostrils and mouth. Subjects A and C, after fixating one eye, moved away again, 
either to the other eye or to the nose-mouth region. 
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In exper iment J , sub jects B and (' looked first at the upper face on all eight 
o c c a s i o n s , a n d subject A did this o n six out o f the eight o c c a s i o n s . T h e r e f o r e subject 
B. vsho made an init ial d o w n w a r d s saccade in e x p e r i m e n t I. a l tered the d i rec t ion o f 
her ini t ia l eye m o v e m e n t . 

The f ind ing that the di f ferent subjects c o n c e n t r a t e d on d i f ferent facial features, if 
it proves to be genera l , c o u l d account lor the c o n t r o v e r s y over w h i c h parts ol the 
face are most impor tant in recogni t ion tasks. Thus the d i s c r e p a n c y be tween the 
f indings o f ( i o l d s t e i n and Mackenberg ( 1 9 6 6 ) and those o l l l o w e l l s ( 1 9 3 8 ) m a y have 
c o m e about because of genuine d i f ferences in their sub ject g r o u p s . 

3 5 1 inadcl 

A tentat ive m o d e l o f an aspect o f fate p e r c e p t i o n , s u p p o r t e d by the ev idence of this 
s tudy m a \ n o w be p r o p o s e d . Neisser (19(>7) suggests that a ser ies o f fovea! f ixa t ions 
m a k e "snapshots ' o f the v isual s t imulus and that the pereeiver integrates these to 
bui ld up representa t ions of stable ob jects . T h i s idea has been e labora ted by 
H o c h b e r g ( I 9 6 8 > . It represents , we believe, what is h a p p e n i n g in the present face 
percep t ion tasks. A speculat ive account o f h o w the s n a p s h o t s ' are integrated is as 
fo l lows 

T h e in i t ia l f ixa t ion permi ts a general gestalt to be registered. T h i s m a y serve to 
p r o m o t e the c o n s t r u c t i o n o f a basic ' l a c e ' f r a m e w o r k b e c a u s e the per iphera l v iewing 
has given the subject enough in format ion to enable h im to ident i fy the pat tern as a 
l a c e . Severa l f i xa t ions are then made , fcach part o f the fact that rece ives h igh-acui ty 
v is ion is perce ived in detai l and may then be f i t ted i n t o the m o d e l w h i c h the perceiver 
has c o n s t r u c t e d . T h e addi t ional peripheral v iewing enab les features of the fact to be 
spat ia l ly l o c a t e d . U n d o u b t e d l y a sub jec t , having registered the p resence of a face in 
his first f i x a t i o n , w o u l d be l ike ly to saccade at the leature w h i c h , for h i m , was the 
mos t sal ient a n d fo l low ing th is might wel l tend to saccade to the nex t most salient 
feature . T h u s regular s c a n n i n g sequences , s imi lar to those o f scanpa th t h e o r y , might 
arise. H o w e v e r , there is a d i f ference. T h e theory o f N o t o n ( 1 9 7 0 ) assumes the eye 
m o v e m e n t s are con t ro l l ed ent i re ly by the internal p r o g r a m m e w o r k i n g f rom 
i n f o r m a t i o n rece ived at the last feature, whereas w e are suggest ing that a saccade is 
d i rec ted to the next feature, a l lowing some cont ro l to be e x e r t e d by v isual in fo rmat ion 
in per iphera l v is ion . T h e regular sequence w o u l d not be essent ia l for recogni t ion but 
s ince it represents the o p t i m u m scanning o f features it w o u l d resu l t , as observed , in 
the mos t rapid recogn i t ion . 

It m a y be n o t e d that sub jec ts often need to look foveal ly at o n l y one side of the 
face . S i n c e faces are a p p r o x i m a t e l y s y m m e t r i c a ! it w o u l d s e e m plausib le to p r o p o s e 
that the perce iver , a f te r f ixa t ing cer ta in parts o f one side o f a face , assumes that the 
o t h e r s ide w o u l d be s imi lar and therefore inserts a d u p l i c a t e s y m m e t r i c a l feature into 
his in terna l face c o n s t r u c t . S u c h a c o m p l e t i o n process s e e m s to o c c u r in the split 
bra in pa t ients s t u d i e d by L e v y et al ( 1 9 7 2 ) . If, h o w e v e r , the v i e w e r s u b s e q u e n t l y 
fixated the actua l s y m m e t r i c a l feature, the prev ious a p p r o x i m a t i o n c o u l d be replaced 
by a ' t r u e ' p e r c e p t u a l image. 

In the face c o m p a r i s o n task an init ial face percept m a y p o s s i b l y also be used to 
c o n s t r u c t a m o r e deta i led bas ic face s t ruc ture . N e w f i xa t ions f r o m c o m p a r i s o n faces 
w o u l d t h e n lead to parts o f th is exist ing face being r e m o d e l l e d by the new fac ia l 
features be ing i n s e r t e d . T o c o m p a r e faces o n l y a few features need to be inser ted in 
the face f r a m e w o r k s but m o r e s imi lar faces w o u l d p r o b a b l y requ i re m o r e f i xa t ions . 
A l s o for an a c c u r a t e c o m p a r i s o n to be m a d e , at least one feature in any c o m p a r i s o n 
pair w o u l d need to be f ixated foveal ly in b o t h faces . T h i s genera l ly s e e m s to o c c u r 
in the eye m o v e m e n t data o f figure 5. 
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4 C o n c l u s i o n s 

1 l yt- l i ga t ion records f rom facia) recogni t ion tasks s h o w Unit sub jec ts looked 
d i rec t ly at o n l y cer ta in l imi ted facial regions. This o c c u r r e d both in a task in w h i c h 
a single l ace is v iewed and c o m p a r e d w i th a prev iously m e m o r i s e d l a c e , and in a task 
in w h i c h t w o laces are s imul taneous ly v iewed and a s a m e / d i f f e r e n t c o m p a r i s o n m a d e . 
J I he sequence o f f ixat ions for each indiv idual subject w a s e x a m i n e d . Wi th a 
par t icu lar type of s t imu lus , cer ta in regulari t ies o l sequence were f requent ly f o u n d , 
a l lovung for some lack of prec is ion in the eye pos i t ion ing m e c h a n i s m . In the 
sequent ia l c o m p a r i s o n task, trials o n w h i c h the regular sequence was fo l lowed s h o w e d 
M i m i f k . m i l } lastei responses than those in w h i c h it was not . T h e r e was little 
s imi lar i ty be tween the sequence of f ixat ions observed w h e n a single face was v iewed 
and that w h e n a lace pair was v iewed . A l t h o u g h the single lace results are c o m p a r a b l e 
w i t h those f rom w h i c h the scanpath theory o f N o t o n a n d Stark was der ived , it is 
suggested that an alternative in terpretat ion is possible . 

.i E a c h subject was s h o w n to direct her gaze to one or m o r e par t icu la r fac ia l regions, 
a n d these c o u l d be related to the obv ious ' features ' o f the face , i.e. e y e s , n o s e , a n d 
m o u t h . H i e preferred features were d i f ferent for each subject (sub jec t A - r i g h t eye 
a n d n o s e , sub ject B — n o s e and m o u t h ; subject C — l e f t e y e ) . H o w e v e r , the 
d is t r ibu t ion o f fixations o n the di f ferent features in the single face task m a t c h e d 
c l o s e h that seen o n the double - face task for each sub jec t . 

4 R e s u l t s I r o m the doub le - lace task also impl icate the i m p o r t a n c e o f fac ia l features. 
T h e y suggest that before a dec is ion can be m a d e , the same feature m u s t be f ixa ted 
on each o f the faces. A l l sub jec ts n o r m a l l y s h o w e d t w o or more fixations f rom one 
face to the o t h e r in this task. 

5 A m o d e l o f the role o f eye m o v e m e n t s in facial recogni t ion is f o r m u l a t e d . In th is 
success ive g lances f u n c t i o n to a l low detai ls o f facial features to be en tered in to a 
general ' f ace ' f r a m e w o r k . 

6 T h e present invest igat ion has demonst ra ted that the s t u d y o f eye m o v e m e n t 
s c a n n i n g strategies involved in two-d imens iona l lace c o m p a r i s o n and recogn i t ion is a 
f ru i t fu l area o f research . It is h o p e d that work in this field wi l l c o n t i n u e . 
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