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ABSTRACT

The figure-ground distinction is particularly
interesting where the same stimulus can give rise to
more than the one interpretation of figure. The work
presented here examines the role of eye movements in
such figure perception.

The figure-ground dichotomy is first elaborated
and stimuli which can give different figural interpretations
are classified as reversible perspective or ambiguous
figures. Theories which have been proposed to account
for such figure perception are then reviewed and it 1is
argued that a schematic map theory offers a plausible
explanation.

The parameters which have been studied with regard
to these stimuli are then considered and it is argued
that the role of eye movements has not been adequately
investigated. Stimuli are then proposed to be composed
of elements which are differentially weighted towards
each figural aspect. TFigure perception is largely a
result of an observer selectively attending to these
elements as determined by the schematic map. Eye movements
function to move such attention about the stimulus.

A series of afterimage exveriments then examines
the existence of such elements in a line drawing of
Boring's ambiguous figure. The response of figure
was found to be governed by the elements to which the
subject could attend. Two free-viewing experiments are
then reported which demonstrated that in a non-

stabilised condition the immediate response of figure
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was determined by the elements present in the stimulus.
No age-related effects of such elements were found
when children served as subjects.

Eye movement types and recording techniques are
then reviewed and an inconspicuous recording method
developed. Subjects' eye movements were then recorded
as they viewed versions of the ambiguous figure. The
results are interpreted as supporting a schematic map
explanation. A model is finally developed to account

for the role of eye movements in figure perception.
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PREFACE

The process of figure perception whereby part of
a stimulus display is perceived as figure, and the rest
of the display becomes ground, has been the subject of
much inquiry. The most interesting example of this
figure-ground distinction is where different figural
interpretations are possible with the same display, as
this situation then permits investigation of how the
figural process has occurred. The work presented here
considers the role of eye movements in this perception
of figure. The overall layout of the thesis is now
outlined.

In Chapter 1 the figure-ground distinction is elaborated
and the various types of stimuli which can give rise
to more than the one interpretation of figure are discussed
and classified as either ambiguous or reversible
perspective figures. The theories which have been
proposed to account for figure perception, as well as
the fluctuation between the alternative figural aspects
in these stimuli, are then considered. Finally it is
suggested that Hochberg's (1968) theory of schematic
maps, which involves both eye movements and selective
visual attention, offers a plausible account of figure
perception.

The main parameters which have been investigated
with both ambiguous and reversible perspective figures
are reviewed in Chapter 2. These are considered as:
stimulus factors, viewing conditions, instruction and

response techniques, and observer variables. Approaches
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which have attempted to either rule out the involvement
of eye movements in figure perception, or alternatively
specifically studied eye movements are discussed in
detail. The need to both adequately and inconspicuously
record eye movements in such work is elaborated.
Consideration of the effects of prior experience
and of the manner in which different versions of
ambiguous figures have been constructed leads to the
proposal that pictures can be considered to be composed
of elements. Each of these elements represents some
part of one or more real-world objects. It is argued
that with ambiguous and reversible perspective figures
each of these elements are differentially weighted
in their representation of parts of the possible figural
aspects. It is hypothesised that the observer selectively
attends to these elements and that this process governs
the response of figure. Eye movements serve to shift
selective visual attention about the stimulus display
as a result of the expectations of the schematic map.
Various experimental hypotheses are generated and a
guide 1is presented to the subsequent Chapters in which
these are investigated. A suitable stimulus which can
give rise to more than the one interpretation of figure
is first chosen and its elements empirically determined.
A stabilised image technique is then used to investigate
the effect of selectively attending to the different
elements. This work is then extended to a free viewing
situation. Finally, observers' eye movements are recorded

as they freely view the stimulus. Thus the experimental



work divides into three stages; the afterimage experiments,
the free viewing experiments and the eye movement
experiment.

In Chapter 3 Boring's ambiguous figure is selected
as a suitable stimulus for this research and a line
drawing of it is derived. It is proposed that this
drawing can be considered as composed of 4 important
elements. The effect of being able to selectively
attend to these is investigated using a stabilised
image technique. The various methods of attaining
such a stabilised image are briefly reviewed and an
afterimage technique is selected as the most apﬁropriate.
Three afterimage experiments are then described which
use variations of the line drawing to investigate the
role that both fixation position and the presence of
the stimulus elements have upon the perception of
figure. It is argued that the results demonstrate
that the response of figure is largely governed by
the relative weightings of the various elements to
which the observer can attend at each fixation position.
Both peripheral as well as foveal vision are proposed
to be important factors.

In these afterimage experiments the fixation position
of the subject 1is determined by the experimenter. The
question of whether the response of figure is similarly
dependent upon the presence of the weighted stimulus
elements when the subject is free to look at the stimulus

is examined in Chapter 4. Two experiments are presented
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here where the subjects were free to look at different
versions of the line drawing and asked to immediately
report its appearance. These experiments again
demonstrated that the response of figure is largely
governed by the presence or absence of the elements.
Both children and students were used in these
experiments to examine whether any age-related effects
in the utility of the elements existed. No such effects
were found although it is proposed that the precise
manner in which the elements are actually integrated
into the schematic maps may possibly be age-related.

Having established the effect of these elements
upon figure perception in both stabilised and free
viewing conditions the final experiment examined the
eye movements of subjects as they looked at the ambiguous
figure to see whether they did actually attend to the
stimulus elements. First, however, a suitable eye
movement recording technique had to be determined which
would not sensitise the subjects to the fact that their
ocular behaviour was being recorded.

The development of such a technique and the construction
of suitable apparatus which would inconspicuously
record the subjects' eye movements formed a large part
of this research. This is detailed in Chapter 5 after
reviews of both the various types of eye movements
and also other eye movement recording methods. Two
alternative techniques of data analysis which were

developed are then described. The errors inherent
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in this approach are considered and a method of accounting
for these is detailed. The results of an evaluation
trial of the recording technique are also presented.

Chapter 6 then reports an experiment where subjects'
eye movements were recorded as they freely viewed
versions of the line drawing and alternated between
the two figural aspects. This experiment demonstrated
that subjects concentrated upon the stimulus elements,
their response of figure being governed by the elements
fixated. The results are interpreted as supporting
the proposed schematic map explanation.

Finally Chapter 7 presents the conclusions of the
various experiments and a model is presented which is
proposed to account for the role of eye movements in
figure perception. Some proposals for future research

are then briefly outlined.
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1.1. INTRODUCTION

The perception of figure in a stimulus display
is not a fully understood process despite the early
distinction made between figure and ground (Rubin,
1915). The intriguing fact that some stimuli
can give rise to more than the one interpretation
as figure has led both to the formulation of
various theoretical explanations as well as to
experimental studies of the parameters affecting
this process. The research presented in this thesis
is concerned with the possible role of eye
movements as a parameter in such figure perception.

In this chapter the distinction of figure and
ground is first elaborated and then the fluctuation
of this relationship is considered. The various
stimuli which can give rise to different
interpretations as figure are then detailed under
the headings of Reversible Perspective and
Ambiguous Figures. Other perceptual events
possibly related to the fluctuation of such stimuli
are next briefly considered.

The different theories proposed to account for
the perception of these stimuli are detailed and
the evidence foreach is assessed. Each of these

theories to some extent implicates or denies any

- possible role of eye movements. It is finally O sy
' L 16 May g8
proposed that Hochberg's theory provides a possible . Scrion
.iiézgﬁy

worthwhile explanation for the perception of figure but

one which requires experimental investigation.



1.2, THE FIGURE AND GROUND DISTINCTION

The dichotomous concept of figure and ground has
become somewhat ubiyuitous in the psychology of form
perception. The first definition of it was proposed by
Rubin (1915) that:

"when two fields have a common border, and

one is seen as figure and the other as ground,

the immediate perceptual experience is

characterised by a shaping effect which emerges

from the common border of the fields and which

operates on one field, or operates more

strongly on one than on the other.

The field which is most affected by this shaping

process is figure, the other field is ground.”

(p. 195, Beardslee and Wertheimer, 1958).

The common border can be either a contour separating two
juxtaposed fields of different brightness or colour.
Alternatively, it can be a line which as Kennedy (1974)
points out is a narrow strip of pigment enclosed by two
contours. Rubin further elaborated the difference
between figure and ground in that the contour has a
different significance for the two fields. The figure is
thus perceived as having shape and 'thing-character'
being bound by the contour or line. The ground possesses
'substance-character', both appearing to extend behind
the figure and to be spatially localised further away
than the figure. Qualities specific to the figure are
that it is more impressive, dominant and remembered better.

Rubin in fact pointed out that two limiting cases
are possible; either both fields could be perceived
simultaneously as figure (the shaping process of the
contour affecting both fields equally) or neither field

becoming figure (both being unaffected by this process).

Subsequently, Rubin has often been considered to have



proposed that the shaping process affects only one of
the adjoining regions. For example Attneave (1971)
stated that "it is quite impossible to see both sides
of the contour as figure at the same time.'" Koffka
(1935) partially considered this concept when discussing
the problem of unum and duo - when an outline figure
contains a central dividing contour whether only the
whole outline is perceived as figure (unum) or whether
each half is considered figural (duo). Kennedy (1973)
points out that Rubin was only describing a figure-
ground organisation which can occur, not one which
will occur.

Rubin's original phenomenological observations
have had wide acceptance such that the figure-ground
distinction has now become a basic tenet of form
perception. The great impetus for this came with
Gestalt Psychology which popularised this concept to
such an extent that Hochberg (1974) has recently
considered it to be one of the 'analytic tools' to be
offered by this school of thought. Wertheimer (1923)
in setting forth the Gestalt principles of organisation
took figure-ground segregation as a sine qua non;'..in
the visual field, when figures composed of discontinuous
parts (e.g. dots) become segregated on an otherwise
quite homogeneous ground." In applying the Gestalt
principles Koffka (1935) stated that when '"a line forms
a closed, or almost closed figure, we see no longer
merely a line on a homogeneous background, but a
surface figure bounded by the line." Likewise, Kohler

(1920) earlier affirmed that '"terms such as figure and



ground may be used in visual space with perfect
assurance that they designate concrete and phenomenally
real modes of being.'" The segregation of figure was,
the Gestaltists argued, due to factors such as closure,
good shape or good continuation.

Succeeding authors have asserted the essentiality
of figure and ground. Boring (1942) in referring to
Rubin's work points out that '""a visual perception
normally divides into two fields: a figure, which is
usually the object of attention, and a ground, which
occupies the rest of the perception." Similarly Vernon
(1965) considering the figure-ground experience wrote
"it is one which is fundamental in perception from
very early childhood." Dember (1965) proposed that:

"Fvery meaningful perceptual experience

seems to require in its description the

property of 'figuredness.! That is,

phenomenally, perception is more than a

mere collection of unrelated, unintegrated,

sensory elements. The units of

perception are,rather, figures, or things,

segregated from their backgrounds.'" (p.146).

This segregation of figure and ground is essentially
what Hebb (1949) meant by 'primitive unity.' For Neisser
(1967) discussing the iconic memory, the pattern was
already resolved into one or more segregated figures by
a global 'preattentive' process. In describing the
functioning of this sensory (iconic) buffer Restle
(1975) has proposed four levels of immediate visual
analysis where the figure is first segregated from the
background before the figure and contour are further

analysed.

Stemming from this background of work Kennedy (1974)



sums up the modern version of Rubin's figure-ground
principle to be that such an organisation is an
inevitable consequence if a line or contour is present.
By thoroughly reviewing all of the available original
work of Rubin, however, he concludes that this is a
modern misinterpretation and that nowhere does Rubin
actually state that contours necessarily give rise to
figure and ground. He further elaborates upon Gibson's
(1951) earlier formulation and suggests that the
figure-ground dichotomy is a pictorial phenomenon which
is relevant to the perception of lines and contours but
not necessarily basic to perception itself as is so
often thought. Certainly the concept does require a
'common border' as no perception of figure-ground is
obtained with completely homogeneous fields (Engel,
1930; Metzger, 1930). Even when a figure is present,
factors such as poor illumination can lead to the loss
of figure-ground differentiation (Pikler, 1928;
Liebmann, 1927).

Notwithstanding such criticisms and limitations
then, it may be taken that figure-ground organisation
is a commonly experienced phenomenon of form perception
which by nature of its apparent immediacy has been taken

to be a basic perceptual process.

1.3. REVERSIBLE FIGURE AND GROUND

To illustrate the figure-ground distinction Rubin
made use of a Maltese cross figure with eight equal
sectors. In addition to the 'immediate perceptual

experience' of seeing four of the alternate sections as g3



figural cross upon a background, Rubin noted that
reversal could occur such that the previously perceived
background now became figure. When this occurred the
new figure had all the relative figural qualities of

the previous figure now relegated to background status.
In considering the parameters affecting which
alternative would be perceived as figure in such
situations, he proposed that "if one of the two
homogeneous differently coloured fields is larger than
and encloses the other there is a great likelihood that
the small, surrounded field will be seen as figure."
Rubin noted that the change from one perception to the
other was in some cases rather gradual whereas in others
it occurred immediately. Rubin also used the example of
his 'vase-faces' figure to illustrate how differently
the stimulus could be perceived when reversal of figure

and ground occurred.

1.4. PERCEPTUAL AMBIGUITY

This phenomenon of figure reversal illustrates the
ambiguity of perception when considering pictorial matter.
This is because a two dimensional stimulus can represent
a multitude of stimuli in the real three dimensional
world (Gregory,1970). The spontaneous reversal of
perception in such piciorial figures has been referred to
as flip, reversal, ambiguity, fluctuation or alternation.
This has led to the confusing use of the term 'ambiguous

figure' to refer to all such figures (Porter,1938), but



this is unfortunate as a worthwhile distinction into two
major classes of stimuli can be made (Fisher,1968b;

Gregory, 1970 .

1.5. THE TWO MAJOR CLASSES OF PERCEPTUAL AMBIGUITY

Some figures when they appear to alter do so by
apparently changing in depth, these can be considered
'reversible perspective' figures, the other major class
involves a reversal of interprgﬁation or meaning and are
the 'ambiguous' figures, By this definition the
reversible figure-ground stimuli considered in the
previous section are a sub-type of ambiguous stimuli.

The term reversal is used hereafter to refer to the
change occurring in the former figures, and fluctuation,
alternation, or ambiguity are used for the latter. Also
the terms percept, alternative, and aspect are used
interchangeably here to refer to one of the possible
interpretations of tﬁe stimulus.

These two classes of figures may well represent the
ends of some continuum (Price, 1971) with a common
underlying causal factor. Alternatively, they may be
quite separate entities requiring quite separate
explanations. For instance, Axelrod and Thompson (1962)
have even questioned the assumption of a unitary process
underlying such figures as the static Necker cube and
the dynamic 'rotating pin pattern' both of which exhibit

reversal of perspective.



The work presented in this thesis is more pertinent
to the ambiguous figures, but the other classes of
stimuli are included to demonstrate both the relationship
of the ambiguous figures to these other stimuli as well

as illustrating the various theoretical developments.

1.5.1 Reversible Perspective

A remark by Wheatstone to the effect that the
outline drawings of geometrical solids in the eleventh
book of Euclid were often seen to reverse themselves
caused Boring (1942) to comment that the phenomenon of
reversible perspective had possibly been known to
geometers ever since Euclid's time.

Three types of reversible perspective figures can
be distinguished: static, rotating and those involving
incompatible local depth cues.

Static Figures. Necker (1832) in describing

his observations in Switzerland drew attention
to the sudden and involuntary change in apparent
position of a crystal, Necker's original drawing
has subsequently been drawn as a cube and
referred to as Necker's cube which has remained
the most popular reversible perspective stimulus
for research. Other examples are the Schroder
staircaseand also Mach's truncated pyramid and
book figures. These areshown in Figure 1.1.
Typically such figures are considered to

reverse between two particular aspects. Other
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interpretations of the stimulus are, however,
possible. Taylor and Henning (1963) mention

a subject's report of twenty two different

forms of the Necker cube within ten minutes.

Ammons, Ulrich and Ammons (1959) also point

out the many variations of aspect of this same
figure as does Martin (1967 ), with a similar figure.

Rotating Figures. When either two or

three dimensional stimuli rotate they
spontaneously appear to change their direction
of movement. Howard (1961) and several
subsequent workers have used one and two
rotating skeletal cubes. Lissajous figures
(Fisichelli, 1946) and shadows of rotating pin
patterns (Brown, 1955) are other examples.

Day and Power (1965) have used rotating flat
patterns.

Figures Involving Incompatible Local Depth Cues.

Two classes of stimuli contain local depth cues
which are incompatible with one another. These
are the Impossible Figures and the Impossible
Objects. Unlike figures such as the Necker cube
no 'solution' or aspect fits the entire figure.
Thus they do not reverse in depth between two
possible aspects, instead they appear to
constantly change. Any perceptual solution only

appearing to be locally effective.
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Impossible Figures. Also called

paradoxical (Gregory,1970) or incompatible
figures (Fisher, 1968b)- These are a class
of pictorially represented objects which
generally could not validly exist in

nature. The drawings of Escher (e.g. Locher,
illustrate the principles of such stimuli.
Penrose and Penrose (1958) presented the
first of such figures including an
impossible triangle and an impossible
'"three~triangle' figure. Schuster (1964)
drew attention to the 'three stick clevis'
alternatively named the Devil's tuning fork'
which had first appeared in an aviation
magazine.

Baldwin (1967) has pointed out that
figures such as the 'Devil's tuning fork'
rely on the representation of a cyclindrical
object by a pair of lines and the
representation of a rectangular bar which
uses three lines. Hayward (1968) has used

this to construct several figures as did

Robinson and Wilson (1973) who have presented

variations of the 'impossible colonnade'’
figure.

Impossible Objects. Real objects can be

constructed which represent the above class

of impossible figures. However, these

1971)



12

objects only become impossible when seen
or photographed from a particular angle,
viewed from elsewhere they appear as an
odd shaped construction. Penrose and
Penrose (1958) present a photograph of an
apparently continuous flight of steps and
Gregory (1970) illustrates an apparently
'real' impossible triangle. Masterman

and Kennedy (1975) have more recently
demonstrated a construction of the Devil's

tuning fork.'

1.5.2. Ambiguous Figures

As a generic class ambiguous figures include; the
already discussed reversible figure-ground figures,
reversible silhouettes and the 'true' ambiguous figures.

Reversible Silhouettes. A variety of

objects when drawn or otherwise perceived in
silhouette form appear to reverse. Porterfield
(1759) gives possibly the first account of such
reversibility. Sinsteden (1860) saw the silhouette
of a windmill against the evening sky and noted
that its sails appeared to reverse their

direction of movement as they rotated. Such
stimuli may appear to reverse in depth as in
Porterfield's windmill figure or may merely
represent two different interpretations of the

same silhouette (e.g. Tinbergen's (1951) 'goose

and hawk', shown in Figure 1.1). Thus, these
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stimuli can be regarded as belonging to either
class of ambiguous or reversible figures.

Ambiguous Figures. An ambiguous figure

is one in which there is more than one
perceptual interpretation, usually of the same
figural area. Thus, a 'reversal' occurs which
does not involve a reversal of apparent depth -
rather it is a reversal of 'interpretation.'

The best known example of an ambiguous
figure is that of Hill (1915) as drawn for
Puck magazine and later presented to psychologists
by Boring (1930) as 'my wife and my mother-in-law'
(Figure 3.1). This figure is the mainstay of the
work presented in this thesis and hereafter is
referred to as Boring's ambiguous figure. It
involves a picture of a woman's face which can
either be seen as a young or an old woman.
Other examples of such two-aspect ambiguous
figures are Jastrow's (1900) duck and rabbit,
Kolers' (1964b)'the boys from Syracuse' and
Botwinick's (1961) 'husband and father-in-law.'
Leeper's (1935) 'pirate and rabbit' is interesting
as both of the possible aspects are hidden
within an overall scene. Other examples of such
hidden figures are Fernberger's (1950) 'Napoleon
and tomb at St, Helena' or Carmichael's (1951)
similar 'The tomb and shade of Washington.' Some

figures are more difficult to interpret, (e.g.
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Dallenbach's (1951) 'concealed cow' picture)

and some may be helped by inverting the stimulus
(Weigl, 1927). Some of these are illustrated in
Figure 1.1.

Figures representing more than two
alternatives can also be constructed. Fisher
(1968 c)has devised a three aspect version of
Botwinick's figure as well as other three, five

and seven possible aspect figures, (1967a).

1.6. RELATED PERCEPTUAL EVENTS

The phenomenon of ambiguity or reversibility has
been linked to other perceptual effects which show
somewhat similar periodicity, with the suggestion that
some common process underlies all these. Walker (1975)
and earlier McDougall (1906), compared binocular
rivalry and ambiguous figure alternation and proposed
that just such a common mechanism underlies both
phenomena although Washburn and Gillette's (1932)
results found little correlation between them. Lechelt
(1976) has also recently demonstrated some dissimilarities
between binocular rivalry and a Rubin's cross figure.
Levelt (1967) has related the distribution of the
dominance times in rivalry to 'flicks' of eye movement.
As discussed later a similar explanation for ambiguous
figure alternation has been proposed. Kohler and Wallach

(1944) have related figural after-effects to figure

reversals, although Cohen (1959) has pointed out
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differences between these.

1.7. THEORETICAL APPROACHES: A BRIEF GUIDE

The question of how the one stimulus, whether a
reversible perspective or an ambiguous figure, can
give rise to more than the one percept has had several
possible theoretical explanations. Some of these
purport to consider both of these major classes of
stimuli as well as other possibly related events such
as figural after-effects. Other theories are quite
specific and are concerned only with a particular class
or sub-class of figure (e.g. Cowan, 1974). TFor a
theoretical approach to be fully acceptable it must
not only explain how more than the one percept can occur,
but also why one particular percept initially occurs
rather than another, why and how alternation takes place,
and it should also describe the time course of such
alternation. Not all theories do this. Some concentrate
on one aspect, e.g. the stochastic process theories
emphasise the alternation sequence. Some theories have
used these figures as a mainstay of their approach
(e.g. Hochberg, 1969, whereas others come from different
areas of psychology and have then been applied to
these particular stimuli (e.g. Learning Theory).

In the following sections the different theoretical
approaches are considered. The following is offered as

a brief guide to their layout and inter-relatedness.

The early theories of these stimuli considered that
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alternation was due to either peripheral (e.g. eye
movements) or central processes. Two of the latter
approaches, namely those of McDougall and Satiation
Theory, have given rise to much experimental
investigation and are described in some detail.
Possibly sharing similarities with Satiation Theory
is the application of Learning Theory which is next
considered. 1In contrast to Satiation Theory stand
the Stochastic Process Theories which emphasise the
stochastic nature of the alternations whereas the
former considers alternation to be more systematic.
Also contrasting with Satiation Theory, this time in
terms of physiological processes, is the theory of
Hebb. Of less import here are the two theories of
Yacorzynski (1966) and Cowan (1974) which are then
briefly described. Next the three modern theories of
Information Pick-Up,P erceptual Hypotheses and
Information Processing are considered. Finally the
theory of Hochberg is elaborated. It is suggested
that this final theory offers a possible worthwhile
explanation of the behaviour of these ambiguous and
reversible perspective figures in that it encompasses
diverse processes such as eye movements and also
possibly satiation. However, it does require experimental
investigation. This theory forms the starting point
for the theoretical and experimental approach of the

work presented in this thesis,

Throughout the elaboration of the various theories
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the role of eye movements in the perception of these
stimuli is considered, whether almost exclusively
(as in the early peripheralist approaches), dismissed
(e.g. Satiation Theory), or as one of a number of
possible contributing factors,

Critical experimental evidence for each theory

is presented where it exists.

1.8, EARLY THEORIES

Early explanations of the phenomena of ambiguity
and reversible perspective can be considered to
represent two camps; the peripheralists and the
centralists. Necker, Brewster, Sinsteden and Wundt
all emphasised peripheral processes such as fixation,
accommodation, or eye movements, Others, including
Wheatstone, Oppel, Schroder | Hering and Helmholtz
all considered more central mechanisms.

1.8.1. Peripheral Process Theories

Wundt (1912) proposed that space perception was
composed of the association of the 'series of local
sensation-colourings' with the sensation of movement.
Reversibility of perspective is thus initiated by
sensory processes and the associated eye movements.

Brewster (1826) in considering the Intaglio moulds
used to make bas-reliefs, pointed out that by directing
the eyes steadily we can coax ourselves into believing

that the Intaglio is itself a bas-relief (a more

recent demonstration of essentially the same phenomenon
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is given by Gregory, 1970). In a later paper Brewster
(1847) proposed that it was possible''by the eye
alone, to raise a complete hollow mask of the human
face into a projecting head."

In ¢rawing attention to the apparent reversal of
depth in a crystal, Necker (1832) wrote:

"The only thing I could observe was, that

at the time the change took place, a

particular sensation was felt in the eye

(for it takes place as well when only

seerr with one eye, as well as both eyes),

which proved to me that it was optical,

and not as I had at first thought a

mental, operation which was performed." (p.336).

In similar fashion Titchener (1899) discussed the
'measuring eye', emphasising each 'look' of the object
and its 'welding' with eye muscle sensations stating
that "in all cases of space illusion the final appeal
is to the eye." The role played by the muscles of
accommodation and fixation was also emphasised by

Muensterberg (1925 ),

1.8.2. Central Process Theories

Hering, representing a centralist position considered
every visual sensation to be correlated to a physical
process in the nervous apparatus and stated (quoted in
James, 1891) :

"Things actually diverse may give similar
or almost identical retinal images, e.g. ,
an cbject extended in three directions,
and its flat perspective picture. 1In
such cases it often depends on small
accidents, and especially on our will,
whether the one or the other group of
sensations shall be excited." (p. 262).
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He goes on to propose:

"Whenever the retinal image is of such a
nature that two diverse modes of reaction
on the part of the nervous apparatus are,
so to speak, equally, or nearly equally
imminent, it must depend upon small
accidents whether the one or the

other reaction is realised. In these
cases our previous knowledge often has

a decisive effect and helps the correct
perception to victory." (p. 262).

James, himself, argued that the present sensations
were interpreted by 'the understanding' which 'recalls
previous space sensations with which the present one
has been associated." His emphasis upon such a central
factor is illustrated by:

N we see now this object and now that,
as if the retinal image per sehad no
essential space-import. Surely if form
and length were originally retinal
sensations, retinal rectangles ought not
to become acute or obtuse, and lines
ought not to alter their relative
lengths as they do. If relief were an
optical feeling, it ought not to flap to
and fro, with every optical condition
unchanged." (p. 257).

In considering the 'illusions' of reversible
perspective, James stated:

"we may sum up our study of illusions by
saying that they in no wiseundermine our
view that every spatial determination of
things is as originally given in the shape
of a sensation of the eyes. They only

show how very potent certain imagined
sensations of the eyesmay become.'" (p. 266).

James accepted the role played by eye movements but
did not attach too much importance to them:
"These sensations, so far as they bring

definite forms to the mind, appear to be
retinal exclusively. The movements of
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the eyballs play a great part in

educating our perception, it is true,

but they have nothing to do with

constituting any one feeling of form.

Their function is limited to exciting

the feeling of form..... " (p. 266).

Helmholtz ( 1910), considering Sinsteden's windmill
figure, wrote, "...owing to external accidents or
movements of the eye, first one opinion prevails, and
then the other. But an intentional change of opinion
may also be produced by imagining the appearance of the
alternative figure..... "t now conscious attention
has been called to the fact that it is a question of
apperception." Apperception he defined as a perception
accompanied by the sense-impressions in question. The
apperception of depth he argued involves factors which
demonstrate '"the influence experience has on the seemingly
direct perceptions of the senses, with which the mental
activities have had nothing to do." Thus the present
object one is viewing 'awakes' the previous memory
experiences of similar objects which act to determine
the present immediate perception.

1.8.3. Summary

To sum up these early theoretical approaches then,
Slaughter (1900 ) concluded that fluctuations of attention
did not depend on either apperception or on changes in
the sense organs, whereas Guilford (1927) in considering
the fluctuations of liminal stimuli, argued that a number

of factors both peripheral and central were involved,

Most of the subsequent theories have tended to



22

emphasise that alternation occurs at some level in the
nervous system higher than the eye. Thus, 1n a sense
these are centralist theories, however, they usually
also encompass peripheral factors such as eye movements
thus agreeing with Guilford. The distinction of these
later theories into 'peripheral' or 'central' is not
then fully applicable. However, the next two theories
considered do represent a position which discounts

peripheral factors.

1.9. MCDOUGALL'S LOCAL FATIGUE THEORY

In a series of articles on the physiological factors
of the attention process McDougall (1902, 1903, 1906)
expounded his essentially centralist view. His interest
was in the ''rate of alternation of the states of
consciousness during the struggle of two different
visual fields and the changes of mode of apperception of
ambiguous figures.'" The visual stimulus largely used
for his work was a triangular shaped figure composed of
black discs arranged in rows and columns, on a white
background. He found that movement of the eyes along
any of the linear groupings (horizontal, vertical or
angular) of the dots facilitated the appearance of that
grouping. Reversals of the groupings could be achieved
by moving the eyes in a particular fashion. This, he
states, is in accord with the findings of Titchener (1901
using the Schroder staircase and Loeb, (1887) with the

Necker cube. McDougall, however, stressed the
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importance of attention and not the eye movements
themselves, although he considered them to stand in a
'reciprocal' relationship:

"each mode of Attention to(the figure)...

tends to determine a certain mode of

activity of the eye muscles and this

mode of activity of the eye muscles,

when otherwise determined

(accidentally or voluntarily) tends to

bring about that particular mode of

Attention." (p. 487, 1903)

In his 1906 paper McDougall considered the effect
of voluntary effort in controlling the perceived aspect.
He proposed that this effect was indirect in that:

"it directly effects only the adjustment

of the sense-organ and it is this

adjustment of the sense-organ alone

which favours the predominance of one or

other mode of perception." (p. 330).

He pointed out that, with practice, it was possible to
perceive the alternate forms of the Schroder and Necker
figures by executing just those eye movements that were
advocated by Titchener and Loeb as necessary for the
alternate aspect and he considered thateither form could
in fact be ''called at will."

For McDougall the essential determinant of
attention, apart from the intensity, novelty or other
compelling features of the sensory stimulus, was the
cerebro-ideational activity, i.e. the 'play of excitement
among the organised system of neural elements of which
the higher levels of the brain are composed."

McDougall proposed that attention to any object had

a neural correlate in a flow of nervous energy from the
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efferent side of the central nervous system. This

flow is through some paths which include those of the
higher brain levels. The particular route the flow
takes is dependent upon the resistance of the path.
This resistance is produced by the process of nervous
transmission which included fatigue. The onset of

such fatigue is directly related to the degree of
'canalisation' of the path. In higher level paths with
low canalisation a very brief period of nervous
excitement induces fatigue such that an alternate path
becomes favoured. According to McDougall then, this is
how alternation of ambiguous and reversible perspective
figures occurs. A regular alternation occurs between
the activity of two rival systems, in the upper brain
levels which reciprocally inhibit one another.

1.9.1. Experimental Evidence

In an experimental test of McDougall's local
fatigue theory, Flﬁgel (1913b) found such fatigue was
not manifested for all his subjects and concluded that
fatigue plays only a minor role. In his 'Outline of
Abnormal Psychology', McDougall (1926) also proposed
that the fluctuation of such figures would be related to
the personality dimension of introversion - extroversion,
such that introverts would produce more alternations.
An experimental attempt to confirm this by Guilford and
Frederinsen (1934) failed to find virtually any correlation
between fluctuation rate and the degree of introversion -

extroversion.
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Guilford and Braly (1931) found no relationship
between fluctuation rates and either the Marston scale
or Neymann-Kahbted test. McDougall (1929) further
predicted that extroverts would be more affected by
alcohol and similar drugs. Guilford and Braly (1931)
found no such relationship. Guilford and Hunt (1932)
using a different personality test (the Laird test)
again found no relationship between fluctuation rate
and extroversion. George (1936) considered the
possibility that the personality tests confused traits
and developed a scale for extroversion-introversion
finding correlations between scores on this scale and
fluctuation rates which were in accord with McDougall.
Franks and Lindahl (1963) also report data supporting
McDougall but point out that the opposite position of
Eysenck (who proposed that extroverts would show more
reversals) could also be supported in a modified form
by their data. Porter (1938) also supported the idea
that introverts produced faster fluctuation rates.
Considering manic depressive patients as displaying
extroversion to a pathological degree, Philip (1953)
compared the reversal rates of a large number of
psychotics on a Lissajous figure. There was a slight
tendency for manic depressives to reverse less than
schizophrenics (similarly, Hunt and Guilford, 1933).

1.9.2. Summary

In conclusion then McDougall's theory has had

equivocal support with most investigators examining the
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proposed personality related fluctuation rate. Apart
from this aspect the theory is probably only of

historical interest.

1.10. SATIATION THEORY

1.10.1. Kohler and Wallach

An approach formally equivalent to that of McDougall's
and pre-empting it (Howard, 1961) was proposed by Kohler
and Wallach ( 1944) who examined the behaviour of reversible
figures as part of their study of figural after-effects.
Their finding that the speed of reversal increased with
viewing time led them to propose the principle that '"the
prolonged presence of a figure in a given location tends
to operate against further presence of this figure in
the same place.'" They considered that:

"the presence of a figure in the visual

field is associated with a specific

figure process in the visual sector of

the brain, and that this process gradually

alters the medium in which it occurs. 1In

a reversible figure a redistribution of

the figure process seems to occur when

that change has reached a certain level." (p. 270).
The alteration of the medium was referred to as satiation
and this originally had no particular implications
beyond the fact that the prolonged presence of a figure
caused a 'depressed' condition of the medium. Satiation
was seen as being caused by any specific entity in the
visual field, it being stronger in the more closed area.

Visual field entities were considered as being associated

with an electric current in the visual sector of the brain.
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Kohler and Wallach saw the nerve tissue as a volume
conductor in which only electrolytic conduction was
possible. They proposed that the current flowed in
short loops near the boundary of the object, these
loops becoming longer for further inside or outside

an object. Thus, the greatest effect was at the
boundaries and hence the strong effect of closed areas.
This 'figure-current' had the effect of polarising the
tissue through which it flowed thereby establishing
electrotonus which survived the polarising current for
some time and affected all subsequent currents in that
region.

The term electrotonus was used to refer to two
things. Firstly, the initial immediate electrolytic
polarisation of all cell surfaces and secondly, the
more gradual change of polarisability. Satiation was
first considered to be equivalent to electrotonus, but
more usually to the gradual change of polarisability.
In a later paper Kohler (1965) distinguished between
physical and biological electronus using the term
satiation as equivalent to physical electronus, and
electrotonus solely for the latter. The satiating
effects develop and disappear very quickly whereas the
electronic condition persists for some time, enhancing
and accelerating the satiating effects of further currents.
This has the effect that some tissues are in a high
electrotonic state and, therefore, satiate very rapidly.

This gives rise to the concept of statistical or permanent
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satiation (really an electrotonic condition according
Kohler's (1965 ) definitions)

To explain the alternation of figures Kohler and
Wallach (1944 ) proposed that the figures self-satiate,
i.e., the figure changes due to its own satiating
action, this being a temporary form of satiation. With
the perception of the first aspect of the figure |,
satiation develops which acts against the continued
further presence of this aspect until some 'certain
level' is reached when the electric currents associated
with the figure become redirected so that the second
aspect is now perceived. This second aspect now
satiates and the entire process is then cyclic.

Kohler and Wallach typically prescribed steady
fixation of the stimulus in their experiments and indeed
pointed out that this was the only condition which must
be fulfilled for the establishment of temporary
satiation. Regular scanning patterns of eye movements
were incorporated into Kohler's later work such that
these developed a '"band of electrotonically charged
tissue." This then extended the application of the
theory to a wider range of viewing conditions.

1.10.2. Physiological Evidence

The physiological likelihood of such a system has
been criticised. Lashley, Chow and Semmes (1951)
attempted to disrupt the electrical currents by laying
strips of gold foil on the visual cortex of a monkey.

Such a good electrical conductor, they argued, should
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deflect the normal flow of cortical current so affecting
the appearance of the stimulus. The fact that the
animal could still discriminate between patterns learned
prior to this surgical operation they took as evidence
that such a current had little or no relationship to
perception. Kohler (1965) has countered this criticism
by pointing out that the metallic electrode would be so
intensely polarised that little current would actually
flow through it, so dismissing the experiment.

Similar pre- and post-operative performance
was found in cats by Sperry, Miner and Myvers
( 1965 ) after several cuts had been made
in the visual cortex of these animals. Kohler (1965)
argued that, on analysing the post mortem reports on
these animals, they were in fact practically blind after
the operation. To explain the animals post-operative
performance he suggested that in the initial learning
phase the animals were probably using other cues, as well
as visual ones, and these other cues gave rise to the
good later performance.

Other workers whilst supporting satiation theory
have considered that attempts to relate 'figural
currents' to know principles of neural function could
only be made with difficulty. Price (1967b) asserts
such a viewpoint. Dornic (1967) went further and argued
that no special physiological significance should be
attached to the concept of satiation.

The main physiological criteria of Kohler and
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Wallach is that they assert that a stimulus is input
to a particular location in the central nervous
system (Robinson, 1972). Robinson instead proposes
that different processes which occur at different
times and places in the nervous system are all
relevant to the resultant perception which militates
against such an argument.

1.10.3. Experimental Evidence

Brown (1955) compared figural after-effects and a
rotating reversible figure, concluding that the same
physiological process underlies both (thus supporting
Kohler and Wallach) However, Cohen (1959) has found
that although there exist similarities between them
an additional factor is relevant for reversible
perspective reversals thus questioning the possible
mediation of both by a common central process.

Using a test and inspection figure of Rubin's
cross Hochberg (1950) investigated the non-directional
nature of the satiation process,;, i.e. if both the test
and inspection regions fixated by the subject were of
the same or of opposite colour then Kohler and Wallach
would argue that this should make no difference to the
satiating effects of the test figure. Hochberg,
however, found a decrease in dominant perception if the
coincident parts of both figures were black on white or
white on black (thus supporting the general phenomenon
of satiation), but found no change in the figure-ground

1 4

reversal if these coincident parts were of opposite
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colour. This is not entirely reconcilable with such
a non-directional satiating process.

Cohen (1959) points out that Hochberg did not
measure the rate of apparent change (RAC) of the test
pattern. 1In a somewhat similar experiment Cohen
presented a black Necker cube on a white background
followed by a white Necker cube on a black background.
The RAC of the second stimulus was increased by first
viewing the other stimulus. This result then supports
such a non-directional satiation process, This finding
of the satiation of one aspect producing predominance
of the other aspect in subsequent viewing of the
stimulus was extended by Carlson (1953) using a'rod and
eclipse' figure in three different versions; one
ambiguous and two favouring one or other of the possible
interpretations. Pre-exposure to one of the biased
versions did produce a favoured perception of the
other aspect when tested on the ambiguous version,
However, Carlson considered that this finding may have
been due to a 'contra-suggestive response' as a result of
the preliminary exposure. He tested this by using
three versions (one ambiguous and two biased towards
one or other aspect) of Boring's ambiguous figure. In
this case the previous experience on a biased version
led to that same interpretation of the ambiguous figure -
this is in contradiction to the finding for the
reversible perspective'rod and eclipse' figure. Carlson

proposed that this failure with the ambiguous figure was
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actually in line withaSatiation Theory explanation

by arguing that Kohler and Wallach's original formulation
depended upon differences in the spatial loci of the
two figural aspects being tested. 1In Boring's figure,
the two aspects do not differ in apparent spatial
relations and, therefore, no effect of prior satiation
to one aspect would be expected to affect that aspect
any differently from the other, Carlson suggested that
the meaning of such ambiguous figures was important

and like Leeper (1935) concluded that 'set' or
'expectancy' was operating here. To explain how the
prior experience of one aspect in this case does not
lead to satiation of that aspect, Carlson proposed
either that a change in the formulation of Satiation
Theory was required or alternatively, that such
ambiguous figures were not accountable for by this
theory.

Adams and Haire (1959) demonstrated that when a
smaller Necker cube was inscribed within a larger one
then if they were both of the same orientation reversals
of both occurred together. If they were of opposite
orientation the smaller one reversed faster. They
interpret this as illustrating that when they are
similar the figural currents reinforce one another,
there being less interaction of such currents when the
two cubes are opposite,

Pelton and Solley (1968) proposed that Kbhler and

Wallach would predict faster acceleration of reversal

rates in a condition where the subject is asked to
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maintain one aspect as opposed to switching aspects
(i.e. voluntarily reversing ) quickly. This is
because in the first case the satiation of one aspect
develops without any confounding effects as in the
second case. Their results demonstrated faster
reversals in the switching condition, thus being
against the proposed Satiation Theory prediction.

Howard (1961) tried to measure the 'satiation
period' of a rotating figure which had a relatively
dominant aspect. This period refers to the time from
first exposure of the stimulus to the initial
appearance of the non-dominant aspect. In a series
of experiments, largely using rotating wire cubes, he
demonstrated that the cause of the reversal was central.
With two cubes rotating in opposite directions and
employing a central fixation point, subjects reported
that they reversed together, Howard argued that it is
difficult to consider the eyes to be following both
rotations at the same time and so ruled out eye movements
as an explanation. Binocular satiation periods were
longer than the corresponding monocular ones thus
supporting his argument that the alternation mechanism
lies higher than the optic chiasma.

Basically, Howard proposed that the stimulus
cube satiates but not in the sense of a 'volume of
satiation in the cortex' as the satiating effect did
not transfer to other stimuli., Rather it was a "specific

movement-in-depth-cubic-pattern of satiation." Thus he
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argues that his results do not support Kohler's theory
of non-neuronal conduction but does support the
satiation concept suggesting that 'auto-inhibition' may
be a better term.

1.10.4. Orbach, Ehrlich and Heath

Satiation theory was further extended as an
explanatory concept by Orbach, Ehrlich and Heath (1963).
These workers suggested that the concept of self-
satiation although suitable for figure-ground reversible
figures was not too appropriate for reversible
perspective figures. In considering the Necker cube
they proposed that specific parts of the figure may be
selectively vulnerable to satiation, a suggestion they
acknowledge to be inconsistent with Kbohler and Wallach's
original formulation.

Using a figural after-effectsparadigm with a
maintained fixation they pre-exposed one or other of
the two possible 'near' faces of the Necker cube for
one minute, followed by another minute's exposure of the
full figure, using controlled fixation throughout. Their
results only partly supported the idea that selective
satiation to part of the figure would affect its
subsequent appearance in the test phase. They had also
predicted that if one perspective did predominate
following inspection then the number of reversals in
the test minute should be reduced. This again was only

poorly supported.



A better explanation they then proposed was
that the entire figure satiates, this being a satiation
of apparent orientation. In this formulation satiation
of the initial dominant percept begins rapidly and
then more gradually until a threshold (taken as 100%
satiation) is reached when the other aspect then
becomes perceived. Satiation of the first aspect now
decreases whilst that for the non-dominant aspect
increases until the threshold is again reached. This
process then repeats itself thus producing the reported
reversals of perspective,

In this account of satiation theory a decay of
satiation will occur when the figure is removed. Thus,
widely spaced and brief exposures of the figure will
permit satiation to decay to a minimum value after
each presentation such that the threshold of reversal
will never be reached and so only the dominant aspect
will be reported. They proposed that this decays to
near zero in some 800 ms. A faster presentation rate
would cause the residual decaying of satiation to
summate so eventually reaching the threshold and
causing a perspective reversal.

1,10.5. Experimental Evidence

The prediction of reversal rate being related to

the stimulus presentation rate was confirmed by Orbach

2

Ehrlich and Heath (1963) using the Necker cube - the

number of reversals which were reported at various

presentation rates (25,min71— 1200,min7} with various
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stimulus on/off ratios) depended upon the 'stimulus-off’
duration.(@lso found by Orbach, Zucker and Olson (1966):>
Orbach ana Zucker (1965) confirmed that with suitable
'"time-off' periods reversal never occurred

demonstrating that the growth of satiation in such
conditions was prevented from reaching the critical
reversal level.

In contradiction to this proposal of a faster
reversal rate in more continous viewing of the stimulus,
Kolers (1964) found a faster reversal rate when the
Necker cube was presented at about three times a second.
He suggested that Satiation Theory was inadequate to
explain this.

Further work has attempted to influence the decay
of satiation by using interpolated figures between the
successive presentations of the reversible perspective
figure. Orbach, Ehrlich and Vainstein (1963) found
that interpolating a Necker cube with a similar axis of
orientation to the initial Necker cube stimulus
produced a shift towards the reversal rate found in
continuous viewing of this stimulus, i.e. the
interpolation affected the decay of satiation. These
effects were also found if the inspection cube was
presented to one eye and the interpolating cube to the
other eye, thus presenting strong evidence that reversals
are the result of some mechanism more central than the
eyes themselves (at least at a level where binocular

interaction can occur). OlsOn and Orbach (1966) have
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also employed parts of the Necker cube as an inter-
polating stimulus.

Orbach and Zucker (1964) compared the rate of
apparent change of a rotating Necker cube with that
of a static Necker cube, and found the former to be
less, interpreting this as demonstrating that the
satiation was inhibited from reaching the critical
reversal level by the rotation.

Heath, Ehrlich and Orbach (1963) also demonstrated
that the reversal rate of the Necker cube was
affected by factors (heat, white noise and flicker)
which have a'central origin, whereas such 'peripheral'
factors as luminosity of the stimulus lines or background
illumination had little effect. Further evidence
that the satiation effect is central in origin.

Orbach and Zucker (1964) agree that satiation of
orientation occurs at a level higher than that of
primary visual projection (Kbhler and Wallach's proposal)
and operates independently of retinal locus,

Pelton (1969) has criticised the satiation of
orientation explanation as being inadequate, suggesting
that the 'time-off' periods used by Orbach et al. are
analogous to blinking with the reversals occurring in
the 'figure-off' period and not while the stimulus is
being viewed. Orbach and Olson (1969) have replied to
this reasserting their view that reversals occur in
the 'figure-on' time. They point out that Pelton

produces no data to support his argument,
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1.10.6. Price

Price (1967b ), following Smith and Raygor's (1956)
definition of satiation as '"a reduction in the
effectiveness of a stimulus with continued exposure',
conceives of satiation as causing an inhibition of
‘informatiod perception,

Accordingly, the initial perception of a stimulus
becomes misperceived (i.e. the alternative aspect is
reported) this then permits a rest period during which
the satiation dissipates spontaneously. This is in
contrast to Orbach's formulation which considers
satiation to affect both aspects. Price argues that
satiation mainly, or wholly, affects the initial dominant
percept (Pl), the non—dominant (P2) percept providing a
recovery phase which is similar to Bills' (1931) concept
of blocking. The P2 phase, Price argues, is thus
fairly constant over time and does not decrease, unlike
the P1 phase which does decrease with exposure time. Thus
the overall effect of continued observation is of
increasing reversal rate,

Reversible perspective figures contain both
dominant (P1) cues and non dominant (P2) cues. The
dominant cues provide veridical information (this also
includes past experience) about the initial aspect
perceived, whereas the non dominant cues, provide
ambiguous or false information. The effectiveness of
the dominant cues is reduced by an increment in

'conditional satiation' when a reversal occurs. This
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produces the decrease in P1 duration towards some
asymptotic level. Price (1969 a ) gives this level
as being after about ten perspective reversals. The
duration of the P2 phase is fairly short thus permitting
negligible satiation to accrue and so the P2 time
remains short and fairly constant over the observation
period.

Price assumes that reversal occurs when some
constant critical satiation level is reached, in this
respect this is similar to Orbach's approach.

1.10.7. Experimental Evidence

Using a single Howard cube (i.e, a rotating
skeletal cube, so called after Howard, 1961) and maintained
fixation Price (1967,b ) confirmed his predicted decrease
in Pl duration and fairly constant P2 time. This
finding was further extended to the Beaunis 'pile of
cubes' figure (1967a). These demonstrations that the
increase in reversal rate with longer viewing time are
due to a decrease in Pl duration are in contradiction to
the formulation of Orbach, Ehrlich and Heath (1963).
According to these workers both percepts should show a
decrease in duration. Price suggests that the only way
to explain his results by such a formulation would be to
assume either two widely different thresholds for each
aspect or else that satiation develops more rapidly for
one than the other aspect,

The asymptotic level of reversal rate found by

Price is seriously questioned by Bruner, Postman and
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and Mosteller's (1950) results. Using long observation
periods with the Schroder staircase these researchers
found that the reversal rate still declined well

after Price's proposed asymptotic level had been

reached. Subsequently Price (1969a) investigated

20 reversals of the Howard cube and found that

whereas the P2 phase remained fairly constant throughout,
the Pl phase declined only during the first half of the
experiment, as predicted, but then began to show quite
wide variations in duration. This Price attributes to
problems of maintaining fixation over the course of

the experiment. Similar findings of fewer reversals

in later periods of the experiment are evident in the
Bruner et al, study (i.e. the last 5 minutes in the ten
minute observation period). 1In Price's experiment

this effect occurs well within 4 minutes, such difference
in onset of the 'breaking up' of the P1 phase, he
suggests are due to the different stimuli and methodology
used, His contention is that this effect is due to
fluctuations in aspect duration rather than any
systematic increase in duration of either phase after
some time of observation.

Essentially Price supports the concept of satiation
but proposes that the time series of reversals involves
two different processes. Sadler and Mefferd (1970) have
strongly criticised Price, arguing that his longer P1
durations were a result of his methodology which had the

effect of 'setting' his subjects to favour this percept,
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For instance, the initial long P1 duration on the
first presentation of the stimulus is, Price argues,
increased by stimulus complexity (e.g. the Beaunis
figure compared to the Necker cube). However, Sadler
and Mefferd point out that this initial phase actually
involves several different processes for the subject
as he attempts to orient himself to the experimental
task which makes this first phase different to
subsequent Pl phases. Price (1971) has replied
by pointing out that his methodology is very different
from that of Sadler and Mefferd and so it is
difficult to compare the two sets of different results
obtained. The latter workers obtain results more
consistent with a random process than with a steady-
state process as would be expected by a satiation theory.
(A threshold dependent event such as satiation should
occur with a certain regularity). In a rejoinder to
Price (Sadler and Mefferd, 1971) they criticise him
both for not fully explaining what happens in the P2
phase as well as for smoothing his data by using group
averaging processes. Sadler and Mefferd's approach is
considered in more detail in a later section.

1.10.8. Dornic

Dornic (1967) uses satiation as a descriptive term,
having no physiological significane, for a single
central process. Using a rotating wire cube he studied
the stability of percept of a given alternative by

suddenly removing either binocular depth cues (covering
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one eye) or complete optical contact with the stimulus
(covering both eyes). The effectiveness of these
procedures at producing an instant reversal of the
percept Dornic took to represent the degree of
satiation that had accrued to the present aspect, up
to that instant, and hence represented a measure of
the stability of that aspect. In both cases of
visual occlusion, similar trends were found, the
binocular situation Producing a longer satiation
period. Dornic thus proposed that satiation of the
current percept built up to a maximum when it then
'blocked' itself and so a reversal occurred,

Thus, perspective reversals occur at some
maximum of some underlying process (satiation).
This is in contradiction to Kﬁnnapas 1966 ) who
proposed that a reversal occurred when such an under-
lying process was at a minimum, Dornic argued that
in figures where there was not an equal probability of
perceiving both versions the satiation intensity was
not initially at zero. To explain the increasing
reversal rate found with observation of the rotating
cube, Dornic's model assumed a constant satiation level
which must be attained before reversal could occur and
that with time the speed of satiation increased thus
producing such faster reversals with longer observation
periods. He also proposed a modification of this which
again predicted faster reversals with time, This

assumed a constant speed of satiation but with a
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critical satiation 'reversal 1level that decreased
with observation time. Dornic considered that the
reversal frequency must ultimately stabilise.

1.10.9. Attneave

Attneave (1971) proposes that the Gestalt
principle of pragnanz, or minimum complexity, is
important in the perception of such ambiguous or
reversible perspective figures. He argues that ''the
perceptual system employs something like a Cartesian
co-ordinate system to locate and describe things in
space.'" He considered(1968 ) that figures such as
groupings of triangles involve some relationship with
such a co-ordinate system so that they appear to be
multistable and makes the comparison (1971) between
the multistability of a two aspect reversible
perspective figure and a multibrator circuit. 1In
this arrangement an ongoing process inhibits the other
process until the latter begins to conduct. A positive
feedback loop quickly makes this second process
dominant and inhibits the previously active process.
The feedback loop provides some stabilisation of the
current percept. This cycle is then repeated.

In the visual system he supposes that fatigue or
satiation of neural structures causes this reversal
process to occur.

Attneave's model is thus functionally equivalent
to a satiation theory approach (Murray and Ragland, 1976),

although his arguments involve the matching of the
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visual input to more than the one schema and in this
respect shares similarities with Hochberg's {968 )
theory.

1.10.1¢, Summary

Satiation theory has undergone several changes
over the years and whilst modern researchers would not
accept Kohler and Wallach's original physiological
explanations there still exists evidence to support
some kind of satiating process at some high level of
the central nervous system.

Evidence of satiation of specific neural
mechanisms has been presented by Virsu (1975) using a
Schroder stair figure presented in a stereogram.
Initial inspection versions presented to subjects
contained horizontal disparity thus favouring one or
other aspect. They were then tested on a stereogram
containing no disparity (i.e. 'ambiguous' version).
Pre-exposure to a biased version produced less reports
of that perspective when tested on the final stimulus.
Virsu takes this as supporting a satiation theory
approach and proposes that in this particular case
satiation in disparity-specific neural mechanisms
would be sufficient to induce the reversals,

Other approaches (e.g. Dornic) shy away from such
possible physiological explanations.

Some work has contrasted the adequacy of the different
satiation theory explanations; e.g. Cornwell (1976)

compared Kohler and Wallach's predictions of the reversal
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rate of an incomplete Necker cube against those of
Orbach et al. finding evidence supportive of the
former theory.

Research into Satiation Theory has concentrated
on reversible perspective figures (mainly the Necker
cube) chiefly using conditions of fixation so that,
in general, possible explanatory factors such as eye
movements are not invoked. Satiation Theory, in one
of its various guises, still remains a plausible

candidate to explain the behaviour of these stimuli.

1.11. LEARNING THEORY

Learning Theory has been applied to reversible
perspective figures by Ammons, Ulrich and Ammons (1959).
The basic hypothesis being that with increased viewing
time, reversal rate will increase. Self reward (the
satisfaction of following the experimenter's instructions
successfully) is seen as reinforcing the subject (S)
in making a response to each percept, The S uses cues
for reversal which he gradually learns to produce
himself, hence producing a faster reversal rate. A
similar proposal Wwa$ made in an earlier paper by
Ammons (1954).

Ammons et al. used Ss who had previously had up to
20 minutes practice at reversing the Necker cube and
were then required to view this stimulus for ten 15

minute trials separated by either a few hours or several
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days. The Ss were instructed to reverse the stimulus

as fast as possible and responses were recorded either
verbally or on a typewriter. At the end of each trial
the Ss made detailed introspective notes.

Group mean performance was found to increase over
the trials from 35 to 120 reversals per 30s period.
During each trial, performance rose and then declined
after about 7 minutes. After correcting for the initial
'warm up' decrement Ammons et al, conclude that
reminiscence occurs over the rest periods.

They proposed that Ss may use 'primary' cues, such
as foveal or non-foveal spatial arrangements of figure
parts, which are relevant to depth perception and which
they have learned in the course of their lives. 1In
this experiment the Ss were highly motivated to reverse
the figure as fast as possible thus the S learns to
attend to critical or effective cues and then learns to
produce these cues himself to elicit the appropriate
perceptual response. An example of such a cue is
blinking which may initially be randomly followed by
a depth reversal but eventually comes to elicit the
reversal.

The introspective reports indicated that the Ss
had indeed found cues associated with reversal and had
then learned to produce these cues themselves (e.g.
blinking, defocussing, looking at particular regions).

Additional perceptual effects were also reported

by the Ss, these included fragmentation of the cube.
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Ammons et al. interpret fragmentation as important
for a learning theory explanation of depth perception
arguing that it is related to extinction:

"unless the S makes a 'full' depth response

to a cube now and then during practice

(actually feels and looks at a cube), the

depth perceptual response will extinguish.

That is, other responses will come to be

made to the drawing of the cube." (p.164).

They further point out tmmt fragmentation can be
interpreted in a Hullian type sense by assuming the
S can respond to the cube with any of a number of
responses (a habit family hierarchy). The particular
'cube-response' is elicited by verbal cues from the
experimenter or is self-produced and this response is
then strengthened by self-reward. Reactive inhibition
(Ir) specific to the cube response is generated with
each response made. Thus Ir accumulates over time
depending upon the response frequency, and so the
tendency to make this 'cube-response' weakens so that
other responses (e.g. fragmentation) begin to occur.

This interpretation they point out is relatively
compatible with satiation theory. Duncan (1956) had
earlier reviewed the evidence on both Ir and satiation
and also concluded that they were similar in many
respects. These are : both develop as a consequence
of afferent stimulation; both distort behaviour away
from some standard; both decay rapidly when the stimulus

is removed, and both develop quickly when it is presented.

The main difference iIs that they show different rates
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of dissipation following a single stimulation period.
Duncan negates the other difference between the two
concepts in terms of satiation being a central
phenomenon and Ir being peripheral (confined to the
responding effector organs) as some workers

had shown the latter not to be the case, hence both he
argues can be considered central in origin.

1.11.1. Experimental Evidence

Little or no direct experimental testing of such
a learning Theory approach has been undertaken. However,
some researchers note that the effect of practice in
increasing reveral rate (Cohen, 1959; Spitz and Lipman,
1962) is not inconsistent with such a theory (Cornwell,
1976).

Price (1967 ,b ) argued that learning theory would
predict shorter duration of the initial dominant phase
(P1) on spaced viewing trials than on massed trials.

His results did not support this. This prediction,
however, requires acceptance of Price's argument that
P2 duration remains constant. Vaegen (1976), using a
rotating stimulus, found that Ss reported several new
and different percepts besides reversals, This he
argues is difficult to reconcile with a Learning Theory
approach as Ss are reporting things they have not seen
before.

1.11.2. Summary

Ammons, Ulrich and Ammons (1959) fail to present

a completely worked out formal theory - a failing which
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they themselves acknowledge. For instance they make
several predictions concerning fragmentation but
unfortunately do not relate these to their actual

data (e.g. they fail to say when the reported
fragmentation began in the course of the experimend.
Many of the effects of Ir are similar to satiation,

thus different researchers may simply be using different

terms to refer to the same underlying process.

1.12, ALTERNATION AS A STOCHASTIC PROCESS

Following Coombs' (1952) distinction between
phenotype and genotype behaviour, Kunnapas (1961)
investigated the 'perceptual process' (genotype)
which he considered to underlie the observed
fluctuations (phenotype). This underlying process
he termed the 'figural process'.

Kunnapas does not state whether this is
physiological or psychological in nature only that
the intensity of such a process is variable over time
and is measurable in psychological units. The
essentially stochastic nature of this process is
assumed:

"Each subject is presumed to act as though

he refers his perceptions to scales of

extent or degree and his momentary

responses are subjected to random variations

on these scales. The juagemental

variability is caused by the imperfect
discrimination of stimuli..."

(p.175)
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The two aspects of an ambiguous or reversible
figure are assumed to give rise to two conflicting
processes (Kunnapas, 1966) both of which have some
value on a continuum of process intensity. The
algebraic difference between the two separate
intensities is the intensity of the resulting figural
process. Assuming each of the processes varies
randomly then when an appropriate stimulus is presented
a large number of times the separate intensities will
form a normal distribution and the normal deviate
represents the intensity of the figural process.

Upon stimulus presentation this figural process
is considered to grow rapidly and reach some level
which is fairly constant except for a periodic
variation over time. Kunnapas predicts mathematically
that this variation will form a sine wave. Random
variation between trials will cause the sine wave to
have amplitude damping over time (caused either by the
two phases having a different frequency between trials
which increases with time or else the dispersions
accumulate from phase to phase with time).

Experimental support for this is provided by
Kunnapas (1966) using multisectored discs and 100 experimental
trials.

Dornic (1967), as detailed earlier, (section 1.108 )
has argued for an underlying single process which builds
up to a maximum before alternation occurs, this is in

sharp contrast to Kunnapas' assumption of two underlying



processes with reversals occurring at the minimum
point of the figural process.

In a series of experiments Mefferd and co-
workers have found evidence supportive of the
existence of different specific mechanisms which
they propose are operative for different ambiguous
and reversible figures. The contribution of such
mechanisms underlying the fluctuations produces a
stochastic process.

Reversible figures, such as the Necker cube or
'embedded star' they propose involve the operation
of a 'near-far' apparent perspective mechanism
(Mefferd and Wieland, 1968). The embedded star
figure also involves a 'one object-multiple object'
mechanism (apparent unity of the Gestalt) as does
the Wertheimer dot display (Mefferd, 1968 a). An
"anchor-point' mechanism (Mefferd, 1968 b) is also
involved in some configurations.

Sadler and Mefferd (1970) strongly criticise
experimental work such as that of Price (1967b )
in which data concerning time intervals of each
percept duration is averaged across Ss. This they
suggest produces smoothing of the curve for
successive intervals. The apparent constancy of
such smoothed average curves conceals the fact that
they may result from either highly systematic (i.e.
satiation type processes) or completely stochastic

processes. By examining individual subject records
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fluctuation intervals. They conclude that this
randomness whilst not completely disproving a
satiation theory approach does at least require its
modification.

Vickers (1972a, 1972b) agrees with the
proposal of an underlying stochastic process and
suggests that what is involved is a cyclic decision
process. He proposes that each time a decision is
reached an implicit perceptual response results
until this cycle produces a different result, thus
causing alternation. Individual differences in
alternation rate may be a result of factors such as
noise in the observer's 'system', the time to make
each perceptual sub-decision or the value of the
observer's decision criterion.

Martin (1967, 1971) has also supported the
proposition that perspective reversals are
stochastically determined finding that an
exponential function could be fitted to his data.
Borsellino, De Marco, Allazetta, Rinesi and Bartolini
(1971) using reversible perspective figures found
results well matched by a two parameter gamma function.

Taylor and Aldridge (1974) with an indented
plasticene surface as a stimulus also found evidence
supportive of a stochastic process. They proposed a
model analogous to that of Selfridege's (1959)

Pandemoniumi The 'demons' of this model are here
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considered 'cells' corresponding to neural feature
detectors at some hierarchical level. Each cell
switches states between the two possible aspects,
each individual cell having a fixed a priori
probability of selecting either aspect. Every cell
is individually subject to fatigue, retroactive
inhibition or satiation. The overall decision
depends upon all the cells. This decision is
conservative so that it requires more cells to change
the decision than to maintain it. The stochastic
nature of the fluctuations is due to the timing
relations existing between these cells.

1.12.1. Summary

These theoretical approaches concertrate upon the
sequence of successive time periods of the perspective
dominance of each aspect. They argue that these are
randomly determined and thus contrast with a satiation
theory approach which would predict systematic periods.
Data exists to support this contention and has been
fitted by various mathematical functions. The models
range from the psychophysical decision one of Vickers
to those implicating more specific neural mechanisms
(e.g. Taylor and Aldridge).

Mefferd's contention of several different
mechanisms operating for different stimuli produces
difficulties for a satiation theory approach, Whilst
Price (1971 )argues that his own data, supportive

of a satiation type approach, is not reconcilable with
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that of Mefferd. due to contrasting experimental
arrangements, there remains a need for any adequate
theoretical explanation to surpass such difficulties of

experimental procedure.

1.13. THE THEORY OF HEBB

Hebb (1949) postulated that frequent repetition
of a particular stimulation would lead to the
development of a 'cell assembly'. This is a diffuse
structure in various areas of the brain which is
capable of acting briefly as a closed system,
delivering facilitation to other cell assemblies and
usually having some motor facilitation. The action
of each assembly could be started either by a
preceding assembly (they are conceptualised as
forming open multiple chains which converge in a
hierarchical fashion) or by a sensory event, or
even by both. The seriation of such events with
concomitant motor units constitutes a 'phase
sequence.' These proposals contrast sharply with
Kohler ard Wallach's (1944) satiation concept of the
nerve tissues as volume conductors.

Hebb draws heavily on classical neurophysiological
work to demonstrate that neural reverberating
circuits arranged in such closed circuits can exist.
He also proposes that repetition of such circuits
tends to induce cellular changes (synaptic knobs)

thus adding to the subsequent stability of the circuit,
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Thus a synaptic change is postulated to occur with
learning - cells which are repeatedly stimulated
at the same time becoming associated.

Hebb stressed the importance of motor activity
(eye movements) in perception, again in contrast to
a Satiation Theory approach, stating that the '"'nmeural
activity leading to the motor centres beforean eye
movement begins, is determinate, and specific to the
locus of the peripheral stimulus.'" He also
postulated a 't-structure' which represents a
'synthesis' of the cortical units, with a conscious
equivalent of perception as a distinctive whole.

By this means Hebb explains how the successive input
of the separate 'glances' becomes the conscious
experience of the whole stimulus.

Hebb's formulation also distinguished between
the 'unity' of the figure and its 'identity', the
latter of which depends upon factors such as
experience.

A modification to Hebb's theory was made by
Milner (1957) who aimed to make the 'cell assemblies'
concept more explicit., For Milner such assemblies
were mainly cortical neurones and he emphasised the
role of neural inhibition. 1In a later paper Hebb
(1963) argues that the all-or-none disappearance of
a stabilised image fits in with this concept of
assemblies as representing distinct units of the

stimulus.
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To explain the 'flip-flop' action of ambiguous
figures Hebb (1966) proposed that the incoming
afferent impulses can set up two distinct cell
assemblies which are reciprocally inhibitory (thus
accepting Milner's modifications). These assemblies
are conceived as lying intermingled in the same
region of the brain, thus at any time either assembly
(representing each possible aspect of the stimulus)
may be stimulated, which inhibits the other assembly,
until that in turn becomes stimulated so causing
alternation. The exact cause of such fluctuation
is, however, not clarified.

1.13.1. Experimental Evidence

Mefferd and Wieland (1968) found that when
observers were asked to judge the size of the faces
of a Necker cube then the 'near' face was judged the
smaller, regardless of perspective reversals. This
they interpret as indicative of a processing at
different loci of the information relative to the
'near' or 'far' face. This is supportive of Hebb's
formulation. Indeed physiological evidence does
indicate that neural structures of some size do exist
(Riggs, 1972) which process different specific aspects
or 'features' of the stimulus (Hubel and Wiesel, 1962) -
findings which also lend support to Hebb's theory.

1.13.2. Summary

Hebb's theory has more physiological support than

such approaches as Satiation Theory. However, his
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point of view as regards fluctuations of perception
has had no direct experimental testing as such,
but several subsequent theorists (e.g. Hochberg)

have built upon his foundations.

1.14. TWO MINOR THEORIES

Two theories of less importance here are due to
Yacorzynski and Cowan. The former has little
supportive evidence to its credit, whereas the latter
gives an interesting specification of impossible
figure constructions.

1.14.1. Brain Dynamism

Yacorzynski (1966) proposed a theory of brain
dynamism to account for perceptual fluctuation. His
initial assumption being that the alpha rhythm is
evidence of an interplay of neural activity. This
interplay he terms 'field forces' which he argues
are affected in a number of ways by the incoming
stimulation. His theoretical proposals are embraced
within a few postulates which he considered represent
some principles both of perception as well as of
brain functioning.

Taking the Necker cube as an example of a
reversible figure he proposes that parts of it (the
'"front' and 'back' faces) are in equilibrium and
the rest of it is in disequilibrium. It is only

the latter parts he argues which contribute to the
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fluctuations. Field forces are proposed to act on
these parts out of equilibrium so as to bring them
into equilibrium, so resulting in fluctuations.

In considering the time to the first reversal
Yacorzynski considers this may reflect several
things; the S making sense of his perceptual
experience (c.f. Sadler and Mefferd, 1970), the
forces may need time to build up to a point at
which reversal occurs, or the S may need to decide
to which parts of the stimulus to attend. The
latter two alternatives being somewhat similar to
Satiation Theory and McDougall's approach respectively.

The quantitative measure of frequency of
reversals is criticised by Yacorzynski as this he
says 1s not representative of the interactive forces.
Instead he stresses qualitative factors which he
proposes are produced by the hypothesised forces.

He therefore relies heavily and exclusively upon the
introspective reports by psychologically sophisticated
Ss who are: "knowledgeable about the nature of the
reversible figures, but not about the expected outcome
predicted by the proposed hypothesis."

Yacorzynski produces little experimental evidence
to support his ideas and only seldomly refers to the
introspective reports of the Ss. The only
experimental evidence he draws upon are studies
involving brain damaged patients and their performance

with reversible figures.
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1.14.2. Theory of Braids

Cowan (1974, 1977) has extended the mathematical
theory of braids (Artin, 1997 ) to describe the
creation of impossible objects. He has developed a
system for specifying these torus figures by
distinguishing between creases and edges and also by
defining types of corners. Possible and impossible
figures can then be created by joining the specified
corners in particular fashions as determined by braid
theory.

No attempt is made here to deal with this

approach in any detail.

1.15. INFORMATION PICK-UP

The theory of information pick-up stems from
earlier theories of naive realism (Coren and Girgus,
1978). The Gibsons (E. J. Gibson, 1967 ; J. J.
Gibson, 1950, 1968) are the prominant supporters of
this view. Basically they propose that visual
stimulation contains invariant properties which are
in psychophysical correspondence with constant
phenomenal objects (Gibson, 1951). The observer
merely selectively attends to the external stimulus,
thus possibly missing particular stimulus features.

With reversible and ambiguous figures the stimulus

is the same but the stimulus information is not, there

being counterbalanced values of such information.
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“ibson (1968) states:

"The perception is equivocal because

what comes to the eye is equivocal"
and ¢oes on to hypothesise that:

""the same stimulus array coming to the eye

will always afford the same perceptuai

experience insofar as it carries the

same variables of structural

information. If it also carries different

or contradictory variables oi

information it will afford different

or contradictory perceptual experiences." (p.248 ).

It is argued that the paradox of such figures
can be resolved by analysing the stimulus information
as well as appealing to subjective determining factors.
T he latter being considered as forms of attention.

The economy of perception is emphasised in this
approach such that: '"only the information required to
identify an object economically tends to be picked up
from a complex of stimulus information.'" With
increasing observation time more and more information
is picked up, thus the perception becomes more
veridical. Sadler and Mefferd (1970) propose that
Price's (1969a)results, where the duration of the
veridical percept (Pl) is always greater than the non-
dominant (P2) percept together with some increase in
Pl duration in later trials, are both consonant with
this idea. This may not be entirely true however as
Pl durations show wide fluctuations in duration in
the later trials.

Kennedy (1974) following Gibson's work distinguishes

between occluding edges and occluding bounds in line
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drawings. The former occurring where the line is
angular and the latter where it is rounded. Both
serve to separate a surface from its background.
Applying these concepts to ambiguous and reversible
perspective figures Kennedy argues that figures such
as Rubin's 'vase-face' involve occluding bounds such
that fluctuation involves reversal of the direction
of occlusion. The Necker cube reversals involve
both a change of occlusion as well as a change of
orientation. With regard to impossible pictures he
argues that the direction of occlusion changes along
the length of thesefigures such as 'the three pronged
clevis'. Kennedy suggests that information for
depth or occlusion is irrelevant once reversals have
begun, this information only being important in the
initial phase before the first reversal.

1.15.1. Summary

This approach stresses that the observer
selectively attends to parts of a stimulus which
contains invariant information. It admits the role
played by factors such as 'set' in affecting the
resultant perception but it does not adequately handle
why a reversal ever occurs. Simply stating that the
stimulus information is equivocal does not fully
explain why and when a fluctuation should occur,
Gibson (1968 ) essentially conceives of attention as
wandering between two alternative cognitive explanations

(Mefferd, 1968a),but this really requires more
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elaboration to become an acceptable explanation.
Kennedy himself does little more than provide a
description of the fluctuations of these figures,

not an adequate explanation.

1.16. PERCEPTUAL HYPOTHESES

The concept of 'unconscious inference' has been
greatly extended by Gregory in several publications
(1966,1970, 1973, 1974). He proposes that perception
is a dynamic activity which involves forming
hypotheses about (and thus 'betting on') the most
probable interpretation of sensory data in terms of
the world of objects. Perception is not just
determined by the stimulus patterns in this formulation
as Gibson (1968) would argue. Like Gibson though
Gregory emphasises the ambiguity inherent in
pictorial representations of real objects. The act
of perception thus involves making efficient use of
this ambiguous information for selecting the
appropriate internally stored hypothesis about the
current state of the external world. The ready

alternation of ambiguous and reversible figures
demonstrates that not only is there a current reigning
hypothesis about the stimulus but also other more or
less ready-formed hypotheses which Gregory sees as
being 'piausible candidates' for the same visual

stimulus. Alternation thus involves changing from

one to another hypothesis.
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The hypotheses about objects are conceptualised
as not including certain information such as the
particular distance, orientation, motion or generally
the size of the observed object. Since this
information is not available internally in the stored
perceptual hypotheses these parameters must be set
by the various depth cues using real time visual data.
The sensory data is possibly subject to error, thus
when an incompatibility arises between this data and
the current hypothesis, the data may well be rejected
in favour of maintaining the hypothesis. This can
then give rise to a misinterpretation of the stimulus.

1.16.1. Summary

Gregory deals mainly with reversible perspective
figures emphasising the role of size constancy. The
possible contribution to perceptual alternation of
processes such as eye movements is generally
discounted by Gregory who argues that the ability of
such stimuli to alternate when presented as stabilised
images is evidence of the unimportance of such
factors. Similar approaches considering perceptual
hypotheses are found in the work of Bruner (@974 ) and
Luria (1973). The approach of Gregory has much in
common with that of Hebb (1949). However, whereas
Hebb postulates specific neural processes Gregory
tends to argue in terms of proposed software logical
processes without referring directly to neural processes

(Gregory, 1974).
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1.17. INFORMATION PROCESSING

Simon (1967) extended the information processing
approach (e.g. Newell,Shaw and Simon , 1960) to
reversible perspective and impossible figures. Such
an approach assumes that representations of stimuli
are stored in memory in structures:isomorphic with
lists and branching instructions''which are modified
and stored by active cognitive processes. The
fundamentally serial nature of such processes is also
assumed (Miller, 1956).

Simon proposes that simple stimulus configurations
(e.g. angles, lines, Gestalt 'good' forms) are detected
by a scanner moving over the stimulus. Upon detecting
a simple configuration the scanner then searches the
rest of the stimulus elements providing them with
simple interpretations in relation to this initially
discovered configuration. This process continues until elither
an internal representation has been constructed of the
whole stimulus or a contradiction encountered.

When the latter occurs the interpretation is
rejected and the whole cycle begins afresh usually
beginning with a different initial position of the
scanner with respect to the stimulus. In explaining
these 'contradicting' interpretations Simon suggests
that this can result by the scanner beginning
independently at two separate and disparate points on
the stimulus producing an interpretation which is

inconsistent when the scanner focuses in on a particular
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stimulus feature (e.g. a line) but which can be
resolved by alternating attention between parts of
the stimulus which provide unambiguous information.
The scanner is considered to operate both serially
and locally, a 'contradiction' occurring when the
same stimulus part is reached by two separate routes
giving different interpretations of this part. For
the individual to maintain one percept Simon supposes
that the scanning will be confined to the area of

the stimulus maintaining that interpretation,

Simon's approach has much in common with Gestalt
theory in that he gives operational meaning to Gestalt
gualities such as 'good figure'. Thus, in explaining
why a stimulus representing a hexagon complete with all
its diagonals (which can be interpreted as a special
case of the Necker cube) is usually perceived as the
former two-dimensional object, he proposes that it is
composed of '"'symmetrically disposed sub-figures."

Stimulus redundancy is also important as this
permits efficient storage of information as descriptions
of objects. This presupposes effective procedures both
for identifying such objects and for describing them
correctly. Thus, both stimulus size and shape constancy
are subsumed under this rubric,

Simon's approach has much in common with that of
Hochberg (1968) and Gibson (1950). He supports his
proposals by referring to the computer simulation of

perceptual processes (e.g. Kirsch, 1964). 1t is
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tempting to equate the scanner with the fovea and
its 'scanning' of the stimulus with selective
attention (c.f. Hebb's 'glimpses'), but this perhaps
does not equate too well with Simon's proposal that
such a scanner can start independently at separate
points of the stimulus. He does not state what
sort of area the scanner covers with each analysis
of the stimulus only that it detects simple
configurations. He considers these to range from
angles to 'closed symmetrical forms' so perhaps the
scanner can vary the area of the stimulus being
examined. In stressing the sequential nature of the
scanning process Simon does not explain fully how
the apparent immediacy of a visual experience (c.f.
Hebb's formulation which handles sequential input
as well as this problem) comes about - unless the
scanning is accomplished at great speed.

1.17.1. Summary

No direct experimental tes® of Simon's proposals
are reported. It is difficult to readily see how one
could in fact do this as the theory is really a
particular type of interpretation which can be
applied to the available data, Thus, for instance,
Flamm and Bergum (1977) point out that their results
can be interpreted in line with either Simon's or

Attneave's (1971) proposals,
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1.18. SCHEMATIC MAPS

Hochberg (1968;1970a ) has proposed an
updated version of the structuralists' content
analysis of form into sensations and images, using
fluctuating figures in the derivation of his
theory. His basic argument is that perception
can be broken down into 'the input of a single
glance' and the schematic map - pointing out that
these are almost equivalent to the sensation and
image distinction.

A schematic map is defined as: 'the program
of possible samplings of an extended scene, and
of contingent expectancies of what will be seen
as a result of these samplings.'" Thus, in the
normal viewing of a picture the eyes alternate
between fixating particular regions and making
movements (largely saccadic) to bring other regions
of interest onto the fovea. The information from
these separate glimpses needs to be co-ordinated
in order to perceive the object. This co-
ordination is performed by the schematic map which
becomes built up from the glimpsed information and
also from previous experience. The schematic map
is thus a set of expectuncies. Some of these
expectancies are limited both temporally and
spatially whereas others are more long term
expectancies. Thus, 'active' looking is required

in order to perceive a form over several fixations
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and Hochberg (1970a)proposes that it is the plan
for this looking which is stored as the schematic
map and not the details of each fixation. Thus,
the schematic map is both similar to Miller,
Galanter and Pribram's 'plan' (1960) as well as
to Hebb's (1949) phase sequences. The process
of perceptual learning is seen as chiefly
affecting the schematic map and not the
individually glimpsed information. The 'mature
observer' is proposed to have a '"vocabulary of
sequential visuo-motor expectancies.'" The
schematic map is thus an encoded spatial structure
of the image which Hochberg (1970a) proposes has
four main features:-
1) It provides an expectation of what

is contained at a distal address and

provides information about what to

find at such an address. The

distal address refers to the real

position of a point in space. In

order to know what is at this distal

address rotations of the eye, head

and body must be taken into account.

Also the map must allow for its own

alteration if the expected information

at that address is not found.
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It must permit recognition of an
area of the scene whether the eye
has come to it by different routes
or if the scene itsel! has moved.
This both allows for the scanning
eye movements of normal vision

and also for 'aperture-viewing'
situations. In the latter case

the ability to recognise a form
moved behind an aperture 1is

related to the schematic map which
integrates each glance of the
stimulus through the aperture.

Some scene features must be stored
for at least the duration of the
visual inspection period. This
prevents recurrent entering of

data already noted when the eye
refixates that area.

Peripheral information must be
analysed such that the fovea is

only brought to bear on informative
areas of the stimulus. Neisser (1967) has
similarly proncsed that 'preattentive
processes,' essentially exrafoveal ,
serve to delineate the stimulus
information. Essentially Hochberg's

theory is one of selective visual
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attention such that a point on a
stimulus is fixated and thus 'focally'
attended to as determined by the
action of the schematic map.

In Hochberg's approach both the information
from a fixation and also the role of eye movements
are stressed. ‘the patterning of such movements
depends upon what is currently viewed both
foveally and peripherally as well as the ongoing
cognitive strategiesy; i.e. the schematic map acts
to guide the visual search pattern of the eye
movements.

In the course of normal viewing of ambiguous
and reversible perspective figures fluctuations
occur which are probably due to several reasons
such as the peripheral satiation of local depth
cues. However, the main factor Hochberg argues
is that 'active' looking becomes relaxed. Having
encoded the stimulus (e.g. a Necker cube) into
such a map the eye now 'idly, passively' looks
at the figure. The features (e.g. edges, corners)
are now fixated without an expectation. Either
by chance or by local satiation, one or more of
these features will now be encoded as consonant
with the alternative map of the Necker cube.
Hochberg proposes that after a short period of
such 'idling' an active analogue test program

will again be undertaken and if this program starts
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from an edge now consistent with the alternative
map then reversal will occur, i.e. fluctuations
occur when active looking is relaxed and attention
falters.

Accordingly fluctuations ought to be under
voluntary control - as long as you continue to
test one map the '"figure should maintain the same
orientation until satiation processes wrest
control from the anticipatory process."

Any theory like this which implicates eye
movements has to account for the fluctuations
which occur when these figures are viewed as
stabilised images. Hochberg quotes the work of
Zinchenko ( 1966) who demonstrated that in
stabilised image conditions Ss still make eye
movements during such fluctuations even though
they can have no effect on the visual input.
Hochberg argues that what is important here is the
'"intention' to make an eye movement with a
definite expectation, and not the actual eye
movement itself.

Hochberg's approach is, therefore, not a
return to the early peripheralists who stressed
the role of eye movements in the perception of
ambiguous and reversible figures. Rather his
emphasis is upon the strategy that guides such
movements. Norman and Rumelhart (1975) have

likewise proposed an explanation for the fluctuation
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of ambiguous figures involving alternative
schemas.

A somewhat similar approach to Hochberg's
is that of Chiang (1976) who also proposes that
each feature of the stimulus is sequentially and
selectively attended to. These features are
associated together in short term memory with
each feature decaying. The time between the inout of
successive features is thus important to the
recognition of the stimulus.

Chiang argues that each feature perceived
will not always give a unique representation, this
depending upon both stimulus and memory factors.
The aspect of an ambiguous figure reported will
depend upon the features currently in short term
memory. Each feature is conceived of as being
either weighted towards the perception of each
aspect or else weighted only towards perception of
a specific aspect and representing noise to the
alternative. If each feature has equal probability
of belonging to each aspect then Chiang suggests
that the order of features fixated and thus fed
into short term memory does not affect the
perception of the stimulus as the image preserves
the spatial relationships of the stimulus. If the
probability of which aspect is reported depends on
the previous feature perceived then the order of

feature-input is important and this then becomes
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a Markov chain. Chiang conceives of the naive
observer at first randomly selecting features
from the stimulus. This process then either
becomes a Markov chain or follows a programmed
route (Noton and Stark, 19712a).

Chiang's approach is essentially similar to
Hochberg. His assumption of attaching weightings
to stimulus features is accepted here but he fails
to give a definition of such a feature e.g. He
proposes that a large feature ''may be perceived
by making several pauses and memorising the shape
of each sub-feature within this unit." His
emphasis upon the percept reported is largely in
terms of the stimulus information with no account
of ongoing cognitive strategies, e.g. the
conditions determining whether an observer's
inspection strategy is random, Markovian, or
programmed are largely ignored. By stressing
foveal input information more or less exclusively
he both ignores peripheral visual processing and
in no way accounts for the fluctuations observed
in stabilised vision.

1.18.1. Summary

Hochberg's theory of schematic maps provides
a plausible account of how the separate 'glimpses'
of normal vision are encompassed. The account of
fluctuation as an attention failure is worthy of

experimental testing which it has not received.
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His emphasis on the information in the glimpse is
enhanced by Chiang's concept of such information
as being possibly biased towards one or other

aspect of the stimulus.

1.19. OVERVIEW OF THE THEORIES

Several theoretical explanations have been
proposed to account both for how the one stimulus
can give rise to more than one percept of figure
and also to explain the fluctuation that occurs
between these possible interpretations.

The early dichotomy into whether the
underlying process was of central or peripheral
origin has become rather redundant. It seems
likely there is some truth in both. Thus,
something akin to fatigue (McDougall) or a
satiation process may play a role as may more
peripheral factors such as eye movements, albeit
in particular situations.

McDougall's theory tends to be associated
with situations investigating personality factors,
an area not of main concern here. Satiation
Theory has undergone many transformations and has
served to stimulate much experimental work,
although this has concentrated on reversible

perspective figures. There appears to be some

evidence to support some central process such as
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satiation. The very same process may well be
what is referred to by the Learning Theory
approach, although using different terminology.
Evidence against a satiation approach is that
alternation may be a stochastic process with
many underlying processes and not just one.

Also contrasting with the early formulations
of Satiation Theory is Hebb's theory which is
important in that it has laid foundations for
subsequent theories to build upon. Gibson is
doubtless correct in emphasising the importance
of the stimulus information but the observer does
more than selectively 'picking up' such
information. The observer is making 'perceptual
hypotheses' about this information (Gregory).

The information processing approach is reflected

in Simon's proposed 'scanner' which is interesting
but requires elucidation. Simon's 'scanner' concept
is somewhat analogous to Hochberg's proposed
schematic map. Hochberg not only emphasises the
selective picking up of information from the
stimulus but provides a possible explanation of the
integration of such information.

Each of the theories has been considered and
for each one the evidence discussed.

It is proposed here that Hochberg's theory
offers a possible worthwhile approach, but one in
need of experimental investigation, encompassing

several points from the other theories.
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1.20. SUMMARY

Figure perception has been elaborated by
first considering the distinction of figure and
ground and then the various types of stimuli
which can give rise to a different interpretation
as figure. The various theories to account for
such perception have also been assessed.

It is suggested that Hochberg's theory
provides a worthwhile approach from which to
consider the contribution of eye movements to the
perception of such stimuli.

In the next chapter the parameters that
affect the perception of figure are discussed with
an emphasis upon eye movements. Various points
raised in the next chapter are then combined with
predictions from Hochberg's theory to form
experimental hypotheses which are then subsequently

tested in later chapters.
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CHAPTER 2

PARAMETERS AFFSECTING FIGURE PERCEPTION
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2.1. INTRODUCTION

In the previous chapter the several types of
stimuli which can give rise to different figural
interpretations were introduced and their various
theoretical explanations discussed. The various
parameters which have been studied with regard to
the ambiguous and reversible perspective figures
are now considered. Usually, investigations have
been concerned with how certain variables affect
the fluctuations or fluctuation rate, although
some studies are more aimed at how the S's initial
perception of the stimulus are determined (e.g.
the effects of motivation or of prior experience).

In this chapter the main parameters studied
are reviewed under the separate headings of:
stimulus factors, viewing conditions, instructions
and response techniques, and observer variables.
This both provides the general background to and
demonstrates the starting point for the work reported
in this thesis. TFor this reason emphasis is placed
upon studies invoking eye movements or attentional
shifts and the discussion of the effects of prior
experience leads up to the starting point for the
present work.

Finally, the various points elaborated in this
chapter are combined with predictions from Hochberg's
theory to form specific experimental hypotheses.
These are detailed together with a guide to the

subsequent experimental chapters in which these
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hypotheses are tested.

2.2, STIMULUS FACTORS

2.2.1. Size

Following Rubin's (1915) demonstration that a
smaller area of the stimulus was more likely to be
perceived as figure than a larger surrounding
area, several studies using sectored disc stimuli
have investigated the effect of the alternate
sector size on figure dominance. The sectors of
smaller size are typically perceived together
more often as a figure than the alternate larger
sectors (Graham, 1929; Goldhamer , 1934; Oyama
and Torii, 1955; Kunnapas, 1957; Oyama, 1960).
The orientation of such sectors appears to be
relevant, sectors in the horizontal and vertical
directions being perceived together as figure in
preference to other sectors.

With other ambiguous and reversible perspective
stimuli little work has directly investigated altering
the size of one aspect, in that a change in size
would usually affect both aspects whereas in the
above studies it differentially affects each aspect.
With the Necker cube Wieland and Mefferd (1966)
demonstrated that altering the length and orientation
of the diagonals did affect the reversal rate in
naive Ss, the same workers later (1967) reporting

with the same stimulus that although the length and
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inclination of the diagonals did not affect perspective
dominance, the orientation of the diagonals did affect
both the first aspect reported and the relative
dominance time of each aspect. Earlier investigations
into the effects of variations of Necker cube
appearance (Ammons and Ammons, 1963) concluded that
parameters such as overall size, line width and
stimulus orientation had little major effect upon
reversal rate. Somewhat in contrast Washburn,

Mallay and Naylor (1931) demonstrated that a smaller
Necker cube fluctuated more rapidly than a larger

one.

Not all authors report sufficient detail to
assess the angular size subtended at the observer's
eye by the stimulus. Consideration of this factor
is dealt with in the sections on eye movements and
stabilised images.

A smaller stimulus area in reversible figure-
ground stimuli is typically perceived as figure
more often than the larger surrounding area,
but as discussed next this can be affected by the
meaningfulness of the stimulus. Altering the size
of a reversible perspective stimulus has had
inconclusive findings.

2.2.2. Complexity and Meaningfulness

The effect of stimulus complexity has been
studied in two ways; the fluctuation rate of stimuli

differing in complexity has been compared and secondly
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the effect of increasing the complexity of a
stimulus so as to favour one particular aspect has
been considered.

Using Mach's book figure and the Schroder
staircase Gordon (1905) found that the more complex
pattern reversed at a slower rate than the simpler
one (the book figure). Donahue and Griffitts (1931)
extended Gordon's findings to more stimuli only
finding the same results as Gordon for the same
stimuli as he had used For eight other figures
(such as the Beaunis cubes, reversible tumbler and
the Necker cube) increasing stimulus complexity
was accompanied by an increasing reversal rate for
four out of their six Ss. Similarly, Philip and
Fisichelli (1945) using rotating Lissajous figures
found faster reversal with more complex patterns.
Also Cornwell (1976) has recently demonstrated that
a normal Necker cube reversed at a faster rate than
one in which only segments of the cube (a less
complex stimulus) were present.

In contrast, Washburn, Reagan and Thurston
(1934) reported that when instructions to hold one
aspect were given then their simplest figure (a book
figure) was the one whose reversal rate the Ss
could most easily control voluntarily as compared to
the more complex Necker cube and Schrdder staircase.

This demonstrated that the complex stimuli more

readily gave rise to fluctuations.
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Porter (1938) compared the reversal rate of
several stimulus figures. It was found that the
simpler figures such as Rubin's vase, Necker
cube or the 'rabbit-duck' figure elicited more rapid
fluctuations

Flugel (19139 presented a series of eight
versions of Mach's truncated pyramid to Ss. These
pictures were in order of increasing complexity
(the stimuli having progressively more details
added to them which favoured one aspect). In a
passive viewing condition, the results demonstrated
that the '"complications in the drawings possess
surprisingly little power to produce the favoured
perspective and to prevent a reversal." It may be
that this finding of increased complexity having
little effect was due to Flugel's use of darker, and
thus more obvious, main outlines of the basic figure
throughout the stimulus series so detracting from
any effect of the additional details (Pelton,

Solley and Brent, 19® ). For instance Osgood (1953)
has demonstrated that adding markings to Rubin's
vase-face' figure so as to favour one aspect did
increase that aspect's preponderance over the
alternative.

To sum up then, studies of the effect of
complexity are rather inconclusive. Complexity itself

is often ill defined,and taken as a relative measure

between the different stimuli used.
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The meaningfulness of the stimulus for the S
is also important. Dutton and Traill ( 1933) found
that when a small enclosed stimulus area was
considered as a 'cave' or some other meaningful
'hole' type of stimulus then this aided the larger
surrounding area to be perceived as figure. This
is also implied in Donahue and Griffitts (1931)
results where the greater the definiteness of ideas
in the type of stimulus then the faster was the
fluctuation rate of that stimulus.

Pelton, Solley and Brent (1969) using a pattern
with a central irregular dividing contour, where one
half had additional pattern elements (i.e.
additional complexity in one half only), found that
neither complexity nor meaningfulness increased the
stability of that half-pattern unless the elements
were '"functionally integrated with the central
contour'" (i.e. entered into a Gestalt of which the
central contour is one constituent).

This may well extend to the effects of
complexity and meaningfulness on other similar
stimuli sothat these effects are in terms of the
Gestalt so formed. An illustration of this is found
in the work of Hochberg and McAlister (1953) who
measured stimulus information in terms of the number
of line segments, angles and points of intersection.
Using a series of Kopfermanncubes (essentially

variations of the Necker cube at different angles)



84

they found that: 'the less the amount of information
needed to define a given organisation as compared to
the other alternatives, the more likely the figures
will be so perceived." Thus the likelihood of the
response to the cubes as two-dimensional objects,
rather than three-dimensional ones, increased as

the amount of information defining this decreased.

2.2.3. Brightness, Hue and Illumination

These three factors have usually been studied
together in the same set of experiments.

Using a Rubin's cross stimulus Graham (1929)
found that the brighter red cross dominated over
the alternate blue cross. Unfortunately this effect
was confounded by the effect of hue although
Goldhamer (1934) found that decreasing brightness
increased figural dominance. Oyama (1960), using
a six sectored disc, found that sector dominance
increased with the brightness difference between
the sector and the surrounding field, also finding
that dark sectors were less often seen as figure.
However, Murray and Ragland (1976) showed that the
darker areas of a Rubin's cross stimulus were more
dominant.

Using variations of Rubin's 'vase-face' figure
Harrower (1936) found that brightness itself was
not important but that the brightness difference
between the two parts of the stimulus affected the
dominance of one as the figure. Thus, whereas a

white figure was dominant on a dark grey field a
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black figure was dominant on a light grey field.
Lindauer and Lindauer (1970) using a similar
stimulus to Harrower obtained a contrary result in
that the darker area favoured a figure percept.

In a study of the Necker cube Mull, Ord and
Locke (1954) determined that neither illumination
nor brightness contrast affected the reversal rate.
Mull, Armstrong and Telfer (1956) using a Maltese
cross stimulus confirmed this. Similarly, Howard
(1961) studying a rotating cube found no
relationship between the satiation period of the
cube and a change of brightness. In contrast,with
the Necker cube and three illumination levels,
Cipywnyk (1959) found a faster reversal rate was
caused by both the degree of illumination and also
with brighter illumination. Cipywnyk (1959) has
further interpreted the finding that
binocular viewing produced a higher reversal rate
than monocular viewing as supportive of an effect
of brightness, arguing that the binocular condition
resulted in greater brightness than in the monocular
condition.

Coren and Komoda (1973 ) using a 'reversible-
pipe' stimulus showed that S's judged the same
stimulus area to be of different lightness before
and after a reversal. 1In this situation the
illumination did not change, instead the meaningful

interpretation imposed by the S resulted in such
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apparent change.

Sectored disc patterns have been used to
investigate the effects of hue. Graham (1929)
finding no clear results, whereas Oyama (1960)
demonstrated that red sectors dominated with blue
sectors being least dominant. In contrast Murray
and Ragland (1976) found the reverse result,

In summary controversial results have been
found inthe few studies of these parameters that have
been undertaken. A contributing faictor to this may
be due to the differences between the various
experimental designs employed.

2.2.4. Rotating Stimuli

Various factors affect the perspective reversals
of two and three dimensional rotating stimuli. With
such rotating stimuli both reversals of the direction
of rotation and rapid oscillation of the rotating
stimulus can occur (Howard, 1961).

Lissajous figures have been used to demonstrate
that reversal rate increased with the following; the speed of
rotation (Philip and Fisichelli, 1945), the pattern
of complexity (Philip and Fisichelli, 1945;
Fisichelli, 1947) and the axis of rotation - the
horizontal axis of rotation producing more reversals
than for the vertical axis (Fisichelli, 1946).

2.2.5. Stimulus Presentation

A wide range of presentations or trials have

been used. Brief tachistoscopic exposures were used
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by Wallin (1905), Solley and Long ( 1958 ), Solley
and Santos ( 1958), Santos,Farrow and Solley (1962),
Thetford ( 1963 ). Orbach and co-workers have carried
out a series of experiments, (e.g. Orbach, Ehrlich
and Heath,6 1963). Typically, trial lengths varied
between 10s to 1 minute with some studies using 2,
10 or even 15 minutes. These have been reviewed
by Price (1969b) for reversible perspective figures.
Rapid intermittent presentation of stimuli has also
been used (Kolers, 19642; Ammons, Ulrich and Ammons,
1959 ).

Sadler and Mefferd (1970, 1971) have characterised
the time scale of the perception of fluctuating
stimuli as consisting of three phases. Initially,
the observer orients towards the stimulus, interpreting
the instructions and trying to construe the stimulus.
Thus, there is usually some time before the figure
first fluctuates, the S perceiving a 'preferred'
aspect (c.f. Howard's (jgg1) satiationperiod and Price's
(1967p) initial P1 time). This is followed by a
second phase in which the fluctuations are reported.
Finally, a third phase occurs in prolonged viewing
where boredom, fatigue etc. can affect the S's
responses. This final phase possibly accounts for
the breakdown in responses noted by Price (1969y)
after about 10 reversals and Bruner, Postman and

Mosteller (1950) in the latter part of a 10 mins. trial.
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2.2.6. Summary

The main stimulus factors which have been
studied are considered above. With reversible
figure-ground stimuli whether a particular stimulus
area will be perceived as figure depends both on
its size and that of the surrounding area,
although this can be affected by stimulus complexity
and the meaningfulness of the stimulus for the S.
With other ambiguous and reversible perspective
stimuli the factor of size typically affects both
aspects so that size refers to the overall stimulus
size as opposed to the size of part of the stimulus.
This overall stimulus size is important especially
when the possible role of eye movements is
considered and this is dealt with in a later
section.

Complexity and meaningfulness can affect the
perception of the stimulus and seem related to the
particular Gestalt being considered. Complexity is
often ill defined and sometimes is only a relative
measure between different stimuli. Meaningfulness
can act to cause a 'set' effect and so enhance the
probability of perceiving an otherwise unlikely
area of the stimulus as figure, Meaningfulness is
related to prior experience, a factor considered
later especially for ambiguous stimuli.

The three somewhat inter-related factors of
brightness, hue and illumination have tended to be

studied together with inconclusive findings.
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Factors affecting the perception of rotating
stimuli are only dealt with briefly. Thé various
stimulus presentation times that have been employed
by different researchers are finally outlined.

In conclusion the perception of figure in a
stimulus can depend upon several different stimulus
factors, some of which are inter-related. Research
into the exact effects of these factors has often
produced inconsistent evidence. Generally
reversible perspective or reversible figure-ground
stimuli have been employed. The inconclusive
results may partly be due to the use of different
stimuli as well as different experimental

arrangements.

¢

2.3. VIEWING CONDITIONS

2.3.1. Monocular and Binocular Viewing

Binocular viewing of the stimulus is used in
most studies although some have used monocular
presenation (e.g. Shopland and Gregory, 1964;
Axelrod and Thompson, 1962; Brown, 1955, 1962).

Of particular interest are those experiments where
either the effects of both types of viewing have
been compared or where Ss change from binocular

to monocular viewing. The effect of simply changing
the eye being used in monocular conditionshas also

been investigated.
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As part ol Flhgel's (1913a) study when Ss observed
wire models of Necker's cube it was observed that
"reversals could not be obtained so frequently with
two eyes or maintained so long'", it being easier to
reverse the cube when viewing it monocularly.
Individual differences in this ability were
particularly noted. With a similar stimulus, Howard
(1961) demonstrated an inverse relationship between
binocular vision and the latency to the first
reversal, this being longer for the binocular than
the monocular presentation. Of interest is the
finding that two of his Ss who lacked stereoscopic
vision demonstrated very brief latencies (similar
to those for normal monocular viewing) for this
stimulus. Although Price (1967b)found no relationship
between stereoscopic vision (as measured by a
stereopsis test) and satiation time for a single
rotating cube.

McDougall (1906) mentions an observation he made
on a windmill that, when viewing it from the side, the
sails of the windmill appeared to reverse in depth
upon closing one eye, and reverted to normal when he
again opened that eye.

Dornic (1967) following Howard, studied the
stability of the apparent orientation of a rotating
wire cube, which was initially viewed binocularly and
then either one or both eyes were occluded for a

short time. The effectiveness of these measures n
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producing a simultaneous reversal of the cube was
taken as a measure of the stability of the percept.
Completely occluding the stimulus for a short time
was less effective at producing such a reversal than
was the removal of the depth cues (i.e. changing
from binocular to monocular viewing).

Adams (1954) used monocular viewing of a skeletal
cube, observing that prior monocular experience of the
cube, after it had reversed, resulted 1n this aspect
persisting after a period of no stimulation when
either the same or different eye was then subsequently
used. Spitz and Lipman (1962) used various monocular
and binocular viewing conditions of a Necker cube.

The two monocular conditions were arranged so that

an overall two minute viewing session was done with
Ss either simply swapping eyes after 1 minute or else
swapping both eyes and hemispheres. Switching
hemispheres, and so switching cortical projection
areas, affected the reversal rate whilst simply
switching eyes did not. Cortical dominance was

also implicated in Adams' (1954) study where an effect
was found dependent upon which eye was used for the
initial viewing. More reports of the reversed aspect
were obtained when the right eye was initially used.

Research into the effects of monocular or
binocular presentation has mainly involved reversible

perspective figures. The ability of such figures to
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apparently reverse in depth is not related to
viewing such stimuli with both eyes. 1In fact more
reversals appear to occur in monocular viewing.
Why this should be so is difficult to say, as Price
(1969p ) puts it "...there is room for speculation...',
When monocularly viewing these stimuli
changing eyes can elicit a reversal. Completely
occluding the stimulus for a short time, analagous
to blinking, is also partly effective at causing a
reversal.
Monocular vision would seem to be providing
fewer cues to maintain the perception of one
particular aspect than in binocular vision. Switching
eyes monocularly may cause changes in such cues which
are then more related to the alternate aspect. Such
changes may then cause the alternate schema to be
entertained.

2.3.2. Simultaneous Viewing of Two Reversible Stimuli

Conditions in which two reversible perspective
stimuli have been simultaneously presented have been
studied. The interest here is in whether such stimuli
appear to reverse in the same or different orientations.

In one of Flﬁgel's (1913 conditions Ss fixated
midway between two identical stimuli, these being
either cubes or outline drawings of tables. 1t was
found that although there was a tendency for the two
stimuli to fluctuate together, there were occasions

when they were reported to be in opposite phase or
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Orientation to each other, Four out of the five
Ss' records showed that the vercentage of time in
which the two identical stimuli were reported to
be in such opposite phase to each other was less
than 50% (varying between 11-43% for the cubes and
2-5% for the tables). When the same experiment was
carried out using a cube and a table shownat
the same time it was again demonstrated that the
two simultaneously viewed stimuli could reverse
independently. As Flugel puts it "it is evident
that there exists on the whole a remarkable degree
of independence in the behaviour of the figures,
though the results obtained are irregular." 1In a
third experiment a stereoscope was used to superimpose
the two different stimuli. Once again little
relationship between their perspective reversals was found.
Flagel took these results as evidence against a
single physiological factor such as the '"Traube-
Hering waves' as well as to be difficult to reconcile
with an explanation invoking eye movements.

In these experiments the stimuli were each
drawn on card of overall size 4.5 x 2.5 cms and
viewed by a S from about 40 cms. Where the stimuli
were spatially separated then the distance between
each card was .25 cms. A central fixation point
was used throughout. This means that the spatially
o

separated stimuli were each less than 6.4° x 3.6

and were separated by more than 0.35° visual angle,
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Adams and Haire (1958) used double Necker cube
drawings such that the two cubes were either joined
together in different ways or else were separated
by a small or a large gap. Ss first practieged
reversals with a single Necker cube before
experiencing the double cube figures. They were
instructed to adopt a passive attitude and to
"look directly at both cubes simultaneously and not
to focus their attention on one or the other."

The research interest here was in the initial
perception of the stimuli and significantly more

than half the Ss reported the cubes looking 'down'

(the lower face appearing nearer) on this occasion.
Also significantly more than half the Ss reported

that the cubes subsequently reversed together. Very
few reports of simultaneous reversals of the two

cubes appearing in different orientations were

obtained and these reports were mainly for one
particular stimulus where the two cubes were joined
side by side. From their data the cubes were separated
by a gap of either 0.2° or 0.5%(subtended visual angle)
and the cubes themselves were approximately 2° visual
angle in length. Verbal reports were given by the

Ss both of the initial impression as well as of the
reversals under subsequent passive viewing.

In another study using one Necker cube inscribed
within another Adams and Haire (1959) report that

when the inscribed cube was drawn in opposite



95

orientation to the larger cube then Ss reported
faster reversals for the small one. Instructions
were to:
"observe both cubes at the same time and,
when the rate of reversal had become
stable, to describe the relative rates and
any correspondence in the reversal of one
with respect to the other." (n.297)
The large cube's face was 7.5 cms wide and
that of the smaller one 2.5 cms. Unfortunately
the viewing distance is not given, but if it is
assumed to be that of their previous study, (91 cms)

0 and 1.60 visual

then the stimuli are approximately 4.7
angle respectively.

Howard (1961) in one condition utilised two
wire cubes rotating in opposite directions either
side of a fixation point, finding that reversals
tended to occur together but in opposite directions.
The cubes were 5.70 visual angle in length and were
separated by a centre to centre angle of
approximately 10°.

The simultaneous reversal of such stimuli in
opposite directions is difficult to reconcile with
a theory (e.g. the early peripheralists) stressing
that an eye movement in a particular direction is
related to a reversal. The size of stimuli used
also tend to support this in that they are larger
than the foveal area of the eye¢ und so eye movements

would be normally expected to scan the stimuli had

not fixation been specified. These findings :.em to
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suggest that such stimuli pairs are responded to
as a whole. Visual attention seems important here.
Kaufman and Richards (1969) have demonstrated
elsewhere that fixation position and the locus of
visual attention need not exactly correspond
spatially. The specification of fixation does not
necessarily rule out possible eye movements which
may also occur. If such stimulus pairs are responded
to as a whole then such eye movements or visual
attention changes may possibly explain these
reversals.

2.3.3. Perspective Reversals in Internally

Generated Images

Perspective reversals occur when stimuli are
used which result in internally gemxated images of
three-dimensional drawings.

Haber (1969) reports an experiment where eight
children who had demonstrated eidetic imagery
ability were shown the Necker cube for 30s. All
the children reported depth reversals of the figure
during this period but later only three of them
were able to report such reversals of the eidetic image
of the cube. The number of reversals was less in the
eidetic image being about 4 reversals per 10s period,
compared to 7 reversals in the same time during the
initial viewing period. These three children had
also reported three-dimensional eidetic images of gther
three-dimensional objects and were particularly 'good'

eidetic imagers.
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Hochberg (1968) reported spontaneous reversals
of dot stereograms of reversible perspective figures.
Julesz (1974) presents an ambiguous stereogram of an
ascending and descending staircase pointing out that
it takes

""considerable time to learn how to

perceive both organisations at will.

Even those who can easily master

this switch in mental organisation

usually have to destroy the prevailing

state by blinking or waiting some

time for neural adaptation." (p. 37).

The Shroder staircase has been presented as a
stereogram by Virsu (1975). 1In a figural after-effects
paradigm adaptation stereograms containing horizontal
disparity such as to favour one or other aspect were
used together with a test stereogram representing
both aspects which had no disparity. In line with a
satiation theory explanation adaptation to one
aspect led to a decrease in reporting that aspect
in the subsequently presented test stereogram. In
this study fixation was maintained by Ss to aid fusion.
Cormack and Arger (1968) have used stereograms of a
Necker cube under three conditions of disparity and
both with or without staady fixation. Retinal
disparity was shown to mildly increase the dominance
of the orientation consonant with the disparity (this
being such that the upper face of the Necker cube
appeared farther away) and this eifect was greater

without a fixation point. Retinal disparity

affected the reversal rate but the presence or absence
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of a fixation point did not, Both Virsu and also
Cormack and Arger appear from their data to have
used stimuli approximately 5° visual angle in
length.

Kolers (1964a)investigated a phi effect of a
Necker cube which was alternated with another cube
SO as to appear in motion, finding more reversals
in this case when compared to a continuously viewed
stationery Necker cube. Ss reported that the cube
not only reversed at each termini but also in the
central space between the two actual cube positions
(where the cube never in fact appears).

It is difficult to relate perspective reversals
of such phenomena directly with peripheral factors
such as eye movements as the stimuli are only created
higher in the visual system. This is particularly
the case with the eidetic images as reversals in
this case are reported in the absence of any external
stimulus. Rather these studies seem to illustrate
a facility for switching attention.

2.3.4. Partial Presentation of Stimuli

Experimental control of visual sampling of the
stimulus has been attempted by using several partial
presentation techniques.

Leeper (1935) using Boring's ambiguous figure
and the 'rabbit-pirate' figure reports an attempt to
determine S's perception of these stimuli through

partial presentation. The stimuli were drawn on
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cards vhich were then covered by two pieces of paper
leaving only a small opening approximately (0.6 cms,
through which could be sc¢en a part of the stimulus
figure. The two papers were then drawn apart so
that an enlarging diamond shaped view of the stimulus
became visible. Leeper reports two conditions for
the procedure: either snatching the paper away as
quickly as possible or else the papers were slowly
drawn apart (taking 2-3s to uncover the picture).
For both conditions Ss fixated on the initial part
of the figure: "After a fixation has been assumed...
the subject continued to gaze at the picture, and
described what he saw.' Leeper chose initial
starting positions which he considered favoured one
aspect (e.g. the nose of the young woman in Boring's
figure) or the other (the mouth of the old woman in
the same picture). Through such control of initial
fixation Leeper hoped to determine the subsequent
perception but he attained inconclusive results:

"The slow withdrawal of the paper

yielded exactly the same percentage

who saw the organisation which 1 had

not intended to favour as who saw

the one I sought to bring out. With

the quick Jjerking away, there may

have been some tendency to see the

picture which included as a

consistent part the detail which had

been fixated; but the group was too

small to have any significance." (p. 70-71).

Unfortunately Leeper gives little data on this

experiment, the above quotation representing his

results with no information concerning picture size
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or viewing distance. No control of fixation position
was made and the time from the initial exposure of
the stimulus to the S's reporting his percept is
not given. It may well be that Ss did actually scan
the stimulus (particularly in the slow removal
condition) before reporting. The Ss exposed to the
stimuli in this fashion had no special preliminary
preparation, thus this finding may to some extent
reflect the naivety of the Ss.

Hochberg ( 1968) used Julesz-pattern dot-matrix
stereograms of reversible perspective figures
(Necker cube and 'bent card' figures) moved back
and forth behind binocular slits. Ss viewed the
stimuli through these slits and those who perceived
such forms as tridimensional also reported
spontaneous reversals. The width of the slits was
some 3° visual angle and that of the figures 18 - 200,
it taking 1.5s for the stimuli to traverse behind the
slits. As Hochberg points out co-ordinated tracking
or binocular retinal painting can hardly explain
such perception. Hochberg has greatly used the
method of viewing various types of figures through
an aperture in the development of his theory.

Chastain and Burnham (1975) have achieved
sequential part presentation of the 'rat-man' figure
in a different fashion, Two additional versions of
the ambiguous figure were constructed so that each was

more likely to be perceived as one or other of the
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possible aspects. These three stimuli were then
split into segments and filmed so that in the
experiment the S fixated a central mark and the
stimulus picture was exposed segment by segment
in correct spatial position around this point
(each segment exposure was for 55.6ms, overall
figure size being 4° visual angle). The experimenters
decided which segments most constituted a man,
which most constituted a rat and which represented
either. Films were then made starting with one of
these segments taken from the ambiguous version
followed by subsequent segments from either one of
the biased versions or the ambiguous version (these
are shown in Figure 2,1), After viewing the
stimuli the Ss scored the figure on a 'man-rat'
rating scale. Applying analysis of variance to the
data no effect of bias was found but the effect of
starting segment was significant in that the
response was determined by this segment.
Subsequently, the man and rat starting segments
taken from the ambiguous version were individually
shown to Ss in a tachistoscope for the same duration
as in the previous experiment. A pre-exposure
fixation point was used although it is not
specified if this was such that the segments were
shown in the same relative spatial positions as
before. Ss were initially shown geometric practice

R . 0
figures and then told that the next presentation iae Univep
/) O sclENcE W )

16 MAY 1530 /

SZCTION e

HV¥L/4¢




10

MAN VERSION

AMBIGUOUS VERSION RAT VERSION
Divided into the 6 segments.
Starting segments:l=man;d=rat;6=either.

Figure 2.1 Ambiguous and unambiguous versions of the
'Rat-Man' ambiguous figure. Chastain and
Burnham (1975).

P

Figure 2.2 Eye movements of Ss viewing Boring's
figure. Sakano (1963).

Naive presentation

[
1

2 = Find both aspects

w
It

Concentrale on the young woman

V=8
n

Concentrate on the old woman



103

would be of a mammal. Using a similar response
procedure to the previous experiment, the effect
of presenting the starting segment alone was
found not to be significant, both segments
producing rat-like responses.

Chastain and Burnham interpret these findings
as demonstrating that the initial segment serves
to create a hypothesis which is then applied to
the subsequent segments of the picture. Subsequent
segments are necessary to elicit the two alternative
perceptions as demonstrated by the failure of the
second experiment to elicit both rat and man
responses. This interpretation being in accord with
the view of Hochberg (1968) and Neisser (1976 ).

Some criticisms must be made, however, of
aspects of the experiment. Despite presenting the
segments both in clockwise and anticlockwise fashion
(finding no effect of this) the stimuli were not
presented in a mirror image fashion, or in partly
rotated fashion. It may be that an initial spatially
distinct starting segment was influential in
affecting the subsequent response, i.e. the man
starting segment was always slightly above and to
the left of fixation position whereas the rat
starting segment was below this point.

The 6 segments seem to have been arbitrarily
chosen, not being equated for size or informational

content. The choice of the two biased starting
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segments was on the basis that the rat's 'tail' was
"the most distinctive feature of the rat," the man
starting segment was chosen because the nose and
area slightly above it has been shown to have most
value for facial recognition (Howells, 1938).

The possibility exists that the Ss who had no
prior experience with the figure may have simply
given a face or non-face type of response to the
response scale subsequently presented (Ss were
not questioned about thdarperceptions). That this
may be the case is further evidenced by the responses
of Ss shown only the single segment which when told
they would be shown a mammal responded mainly rat
rather than man, possibly demonstrating an influence
of a prior verbal set.

The biased drawings were chosen in a
preliminary experiment where Ss responded either
'rat' or 'man' to several versions of the figure.
There is no evidence that the stimuli to which they
responded necessarily implied that the two biased
segments were all-important for the perception of
each aspect. Casual observation of the two biased
drawings demonstrate several additional differences
outside these two segment areas, which may help
perception of one aspect over the other (Figure 2.1).
The exact nature of these differences and their
effects would have to be known before assigning one

segment as being particularly biased to an aspect.
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Partial presentation methods fit in well with
the theory of Hochberg. He has argued (1968) that
these methods are similar to the input of the
separate glances, with which we would normally view
the full stimulus, which themselves take place
within a schematic map. Despite the criticisms,
Chastain and Burnham's (1975) work is important
in showing how such maps are possibly instigated.

2.3.5. Eye Movement Recording

Direct measurement of eye movements whilst Ss
viewed ambiguous and reversible perspective figures
has been undertaken in order to try and establish
any causal relationship between such movements and
the fluctuations of the stimuli. These studies
are dealt with in detail as they are pertinent to
the experiments reported in subsequent chapters.

Fligel (1913 used several reversible
perspective figures to test the contribution of eye
movements to their appearance. In one study Ss
fixated midway between two reversible perspective
stimuli (reported in section 2.3,2) finding that
both figures tended to reverse together and could
reverse in opposite phase to one another. This led
him to discredit eye movements as a possible
explanation arguing that according to such an
approach the part of the stimulus fixated appeared
nearer than the other parts seen in peripheral

vision and so determined the reported orientation
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of the stimulus. Thus for such simultaneous
opposite reversals two simultaneous eye movements
in different directions would be required.

In another experiment on the Necker cube three
Ss adopted ten different attitudes to perceiving
the figure. Flﬁgel states that the introspective
reports of the Ss:

"were strongly of the opinion that

variations in the nature of eye

movement and of fixation were

utterly inadequate to account for

the often markedly different results

obtained with the different attitudes." (pp.384-385)

In what he considered a 'severe' test of an
eye movement explanation he replaced the fixation
point with a black square, the centre of which the
Ss fixated. Using bright illumination to generate
an afterimage of this square, the Ss then reported
any movement in this afterimage as they viewed the
stimulus. From these reports it appeared that Ss
could attend to parts of the stimulus without a
corresponding movement of the afterimage. Again
this was taken not to substantiate a possible
explanation in terms of eye movements. However, as
Flugel points out the Ss were very practiged before
this experiment, which could affect their performance.

Flugel also tested the effects of fixation in
different areas of the Necker cube whilst attention
was simultaneously directed to another part. This

tended to produce inhibition of the aspect attended

to. This type of approach was extended to the Mach



107

cube, Beaunis pile of cubes and a prism figure
with the finding that the perspective reported
depended upon which part of the figure was being
attended to. For Flugel attention was equivalent
to a 'clearness of consciousness', with the
direction of attention being somewhat independent
of eye movements and fixation.

Flugel's technique of assessing eye movement
occurrence is questionable not only for its heavy
reliance on introspective reports of such movements
of an afterimage whilst simultaneously 'watching'
for reversal, but also as Glen (1940) points out
an individual's sensitivity to such movement may
well vary. Direct recording of eye movements was
not undertaken.

Zimmer (1913) examined the coincidence of eye
movements and reversals and found that the movements
occurred about a second after the reversal. Glen
(1940) has commented upon the recording technique
used (originally the Shackwitz method which used a
pneumatic rubber device fitted to the eyelid and
linked to a recording device) emphasising the
point that it had elsewhere been found useful only
for horizontal eye movement recording as well as
having difficulty in distinguishing between eyelid
movements and actual eye movements. Wallin (1905)
presented evidence which he first took to represent

that reversals were not initiated by cye movements
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(largely based on tachistoscopic work), but later
(1910) concluded that the exact role of eyc
movements was unknown as regards reversals.

Glen (1940) used an elegant method for
recording both eye and head movements, together
with the Ss responses, all on the same film. He
gave practiged Ss five consecutive tasks, each of
1.5 mins. duration, employing a Necker cube, the
face of which subtended 10° visual angle. These
tasks involved: passive viewing, 'driving' the
reversals as rapidly as possible, inhibiting the
reversals, fixating particular experimenter-
determined areas of the figure, and regularly
changing fixation between determined parts of the
stimulus. Ss responded by pressing a key and
holding it down for a reversal or temporarily
holding it down for a 'partial' reversal. Glen
studied the correlation between the frequency of
eye movements per minute and reversals to determine
any dependence. He found only low correlations
and wide individual differences. The eye movements
seemed to be bimodally distributed either side of
the response. Glen considered that thase eye
movements occurring after the response may be
related to the response itself rather than to the
stimulus reversal. In conditions where the Ss
attempted to facilitate cube reversals Ss did make

more oblique eye movements. Fixating different
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parts of the figure had little effect on reversals,
either perspective being reported at any of the
predetermined fixation points. Alternating
fixation between two defined points produced fewer
reversals.

Glen concluded that the "evidence as a whole
is conflicting" and suggested that a complexity of
factors affects the relationship between reversals
and eye movements. The direction of any causal
relationship being not clearly established by his
data. Ellis and Stark ( 1978) have recently
pointed out that Glen neither provides
spatialnor temporal information about the recorded
eye movements.

Sisson (1935) using the Schroder staircase
figure found 33% of the eye movements were followed
by reversals and 46% of the reversals were followed
by an eye movement. However, only 5.7% of all the
332 eye movements recorded were followed by a
reversal within a time interval that might indicate
a causal relationship. Sisson, like Zimmer, concludes
that reversals are more likely to be related to
central factors than to eye movements.

Using the same figure as Sisson; Pheiffer, Eure
and Hamilton (1956) concluded that reversals preceded
an eye movement. Three different experimental
conditions were used, these being free viewing,

maintained fixation and monocular viewing through a
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pinhole aperture. At least four reversals in each
condition were examined. From the first condition
Pheiffer et al., using ophthalmographic recording,
found two types of eye movements: 'typical' (an
erratic wandering) and 'atypical' which was less
frequent and took the form of a horizontal
alternation. 7.5% of all eye movements were
associated with reversal and 87% of these movements
were 'atypical'. Again in the pinhole aperture
condition atypical movements were also associated
with reversals. In the fixation condition where
Ss were instructed to "look at the dot in the
middle of the card'" eye movements were still
observed and 77.4% of these were atypical and
associated with reversals. However, in this
experimental condition reversals also occurred
without such atypical movements and so Pheiffer et
al. proposed that eye movements were not the

cause of the reversals,

Pheiffer et al. used a peculiar response
recording technique in this work. When the S 'saw'
a reversal he tapped on his chair, whereupon the
experimenter would cover one of the reflex tubes
of the ophthalmograph thus producing an indication
on the recording film that a reversal had occurred.
They argue that the time from observing a reversal
to it being indicated on the film must have been
greater than 0.25s (this being the average time

between an eye movement and the indication of a
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response from the analysed film) and, therefore,
conclude that the eye movements associated with
reversals follow and do not cause such reversals.

Pheiffer et al. do not give the size of the
stimulus they used nor the recording resolution of
their device. The atypical movements they refer
to were alternating (left/right) in character.

The main criticism of Pheiffer et al.'s work
must be that they do not define what exactly is
meant by ''associated with reversal.' They
conclude that when a reversal occurs an apparent
shift in spatial position is noticed which:

"instigates ocular pursuit movement

...0f...decreasing amplitude as the

O (observer) becomes adjusted to the

new way in which the figure is

perceived." (p. 454).

This would seem to be corrective eye movements of
some nature. Pheiffer et al. report, but give no
details of, the same finding of eye movements
following reversals with other reversible
perspective figures including the Necker cube.

Sakano (1963) studied both the Rubin's 'vase-
face' and Boring's ambiguous figures, recording
eye movements by a corneal reflection method. Ss
were shown the figures in four different conditions:
either no instructions at all were given (the
ambiguity of the stimulus not being pointed out),

the ambiguity was pointed out, or they were told to

concentrate upon one or other aspect. For each



112

condition, eye movements were recorded for 7s with
the stimulus subtending an angle of some 15°
horizontally. Sakano noted that each condition
produced different patterns of scanning. In the
latter two conditions in which univocal perception
was required the eye movement patterns were
concentrated upon certain areas of the figure and
were more systematic than in the first two conditions.
The different instructions to concentrate on
particular parts not only caused fixation to
different positions, but also caused eye movements
"of different directions.," Although this is not
too discernible from the data. No matter what the
verbal instructions were, each S tended to fixate
the stimulus in the same manner, there being wide
individual differences in ''peculiarities of eye
movements' between the Ss. Unfortunately, his
method of presenting data (see Figure 2.2) conceals
both any individual differences and also the effects
of the instructions upon the direction of eye
movements as he plots the data of all his Ss
superimposed.

Thus, in this case restricted eye movements did
follow the verbal instructions to attend to a
particular aspect - implicating that such eye
movements at least help in maintaining that aspect
of the ambiguous figure - but this data has little

relevance to whether eye movements and reversals are
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causally related.

Mach's book figure and the Necker cube were
used in a study by Holcomb, Holcomb and Pe La
Pena (1977). Large line drawings subtending 20° x

© at the S's eye were used with eye movements

20
recorded by a corneal reflection device with an
estimated accuracy of ¥ 2°. This figure was

obtained for each S and was presumably recorded

before the experiment or before each trial as

"trials were excluded when the accuracy was less

than ¥ 29" The stimuli were divided into a 5 x 5
matrix for analysis purposes.

Ss had first been instructed that the research
interest was in their pupillary responses. Three
different conditions were used. The stimuli were
first each presented for two 30s trials using
passive instructions. In a second condition a fixation
point was used and the Ss instructed to fixate this
for two similuar trials. For the book figure the
fixation point was centrally located, whereas for
the Necker cube it was located "at a three line
intersection in the central region of the cube." In
the final two trials Sswere asked to adopt any
strategy they wished to enable them to reverse easily.
In addition, a questionnaire was administered to
ascertain the role of motivational syle on scanning

behaviour.

On the basis of the extensiveness of visual
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scanning or on the rate of fixations the Ss were
divided into high and low scanners, these being the
upper and lower 20% as determined by these measures.
Both groups demonstrated a similar number of
reversals. High scanners when fixating on the book
figure showed fewer reversals than low scanners.
The high scanners had lower reversals for the Necker
cube than the low scanners although this difference
did not reach significance. High scanners were
characterised by alternately fixating two regions,
reporting reversals at each location. In contrast
the low scanning group reversed whilst fixating

the same stimulus area. In the third condition

the high scanners increased reversals by increased
scanning, whereas the low scanners did not show

such an increase. High and low scanners also had
different motivational styles as measured by the
questionnaire.

The authors interpret these finding as supportive
of individual differences in eye movement patterns
associated with the reversals which may reflect
reliance on different types of selective attention
as well as being affected by stimulus complexity
and motivational styles.

Individual differences do exist in eye movement
patterns, but the pitfalls involved in this study
(some of which are readily admitted by the authors)
render the findings only tentative. It is not

evident from the report whether the Ss were instructed
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as to the reversibility of the stimuli - the Necker
cube can give rise to many perceptual interpretations,
possibly affecting scanning behaviour. The analysis
technique (dividing the stimulus into grid squares
each subtending 4° visual angle) is gross and may
possibly conceal some of the eye movements. The
fajlure to find a significant difference between
high and low scanners on the Necker cube may be
related to such a reason, The authors report no
data pertinent to whether eye movements occur before,
with or after a perspective reversal mentioning only
that high scanners ''tended to alternate fixations
between two or more areas, with opposite
interpretations being reported at separate locations."
Flamm and Bergum (1977) studied the Necker cube
and Rubin's 'vase-face' figures. Both were outline
drawings subtending 18° visual angle and the eye
movements were recorded by a N,A.C. Eyemark Camera.
When the S noticed a reversal he pressed a key which
caused a light emitting diode attached in front of
the scene lens of the Eyemark to illuminate, so
indicating a reversal on the recording film, After
practice with the figures using instructions to
observe passively each stimulus was viewed for
1,5 mins. with the S fixating a central fixation
point. Individual differences in i1requency of eye
movements were noted. Eye movements associated with

reversals were found, but showed no directional
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pattern with respect to these reversals. No
significant difference was found between eye
movements in an interval of + 1s of reversal and
those in intervals where no reversal was reported.
65% of the Necker cube reversals were preceded by
at least one eye movement, and 55% were followed
by a movement. Further, with Rubin's figure, eye
movements preceded reversals in 60% of the cases
and followed them in 57% of the time. These results
they conclude do not support Pheiffer et al's.
contention that eye movements follow the reversals
Flamm and Bergum state that '‘eye movements
could be resolved down to approximately 5 minutes of
arc from the film." This is in contradiction to the
generally accepted .5 - 1° resolution for corneal
reflection devices (as discussed in Chapter 5 ).
This particular technique has an even lower resolution
and even when highly modified (Gale, Johnson and
Worthington, 1978) it is tenuous to suggest anything
better than 1°. It is possible that if they
accepted such a fine resolution then some of the
recorded eye movements could in fact be due to very
slight movements of the head-mounted camera on the
subjects's head - a considerable problem with this
device,
Kawabata, Yamagami and Noaki (1978 ) investigated
both the Necker cube and Schroder staircase figures also

using a corneal reflection technique. Two conditions
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were used, either 1 min. free viewing of the figure
or a brief 200 ms exposure using a controlled
fixation location in different parts of the figure.
In the first condition the S's fixation positions
coincided with that aspect of the cube seen both
as being apparently nearer and also as figure.
From the second part of the experiment Kawabata,
Yamagami and Noaki produce a contour map of the
fixation positions for when the lower face of the
Necker cube was reported as nearer (Figure 2.3 ).
In conclusion they point out that fixation position
does affect which aspect is reported. They
then explain this in terms of the processing of
local depth structure within the fixation region -
an interpretation consonant with that of Hochberg.
Ellis and Stark (1978) analysed the loci and
duration of fixations during perspective reversals
of a series of Kopfermann-like cubes (i.e. variations
of the Necker cube). These stimuli (each subtending
12° visual angle) were displayed on an oscilloscope
and eye movements were recorded by a scleral
reflection technique (resolution of 10). Ss
indicated reversals by means of a three-position
switch (responding as either perspective or 'neither').
Control Ss were run to check that the eye movements
were not simply response related, To ascertain
fixation position at the instant of reversal they

assumed a response reaction time of some 400ms and
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Figure 2.3 Contour map of the rate at which the

lower face (ABCD) was reported nearer.
Kawabata, Yamegami and Noaki (1978).
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Figure 2.4 One S's fixation positions for the
reversal of the lower left corner
(circled) and the upper right corner
(not circled). Ellis and Stark (1978).
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then examined the fixations at that instant. They
found that these fixations were longer and were

not simply related to making a response. Such
"organisational® fixations, as Ellis and Stark

term them, were not quite superimposed upon

specific features of the cube outline as might be
supposed., Great care was taken in the calibration
of the .recording device and so this is probably

not a result of faulty recording. It is apparent
from their data that the same S does not necessarily
refixate the same position of the stimulus for a
reversal to occur - there appears to be a range of
possible positions (Figure 2,4 ). The
organisational fixations were Segregated into two
clusters along the long axis of the cube figures.,
The longer duration of such fixations they take as
representing longer processing at the time of
reversal, They particularly associate the fixation
(or near fixation) of one of the 'Y' shaped cube
corners as being reassigned a different spatial
orientation. Such a finding they argue is consonant
with Noton and Stark's (1971a) scanpath hypothesis
(this is discussed in Chapter 6 ) which emphasises

a dependence between eye scanning and perception,
This particular theoretical position can be considered
as an extreme form of Hochberg's position and it
would be more conservative to argue that these results

support Hochberg's theory,
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Summary. What then do such studies contribute
to the debate concerning the nature of the eye
movement and fluctuation relationship? It is
apparent that there exists some correspondence
between reversals and some type of eye movements’
measure, be it fixation times, spatial location or
direction of movement. An exact causal relationship,
however, cannot be said to have been demonstrated.
Attempts to determine the spatial location of a
fixation when reversal occurs appears to demonstrate
that a range of such positions occurs., Individual
differences in scanning such stimuli have been
reported and some Ss do use increased scanning rate
to produce a higher reversal rate (Ammons, Ulrich
and Ammons, 1959).

All of the eye movement recording techniques
so far used have required active co-operation of
the S whether it involved the wearing of a head-
mounted device (Eyemark, Scleral reflection) or as
for Glen a complex bench-mounted device. Similarly
the stand camera used by Holcomb, Holcomb and De La
Pena is also grossly obvious to the Ss, 1In order
to ensure accuracy in their recordings the majority
of researchers ran calibration trials both prior to
and after the experimental trials,

It is suggested that two main criteria ought
to be employed in order to adequately test a theory

implicating eye movements, Firstly, the stimulus
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should be of such a size as to ensure scanning can
occur together with concomitant registration of eye
movements by the recording device with sufficient
resolution to determine S's fixation location quite
accurately (at least 10)u The size of stimulus has
to be chosen as a pay-off between being small and
being large enough to facilitate such resolution
of fixation location, i.e. if the stimulus is too
small then eye movements may occur which cannot be
resolved by the recording device, if it is too
large then the exercise is self-defeating to some
extent as the S will have to scan it in order to
perceive it and this may not relate in any meaningful
way to the perception of a smaller version of the
same stimulus.

Secondly, and more importantly, the S should
be unaware of the recording of his eye movements,
This precludes both a pre-experimental calibration
trial and most, if not all, of the previous recording
methods as so far used. It is strongly suggested
that by having the S aware of the recording device
(either by mounting it on his head or by carefully
aligning him up in some rather obvious way with recording
apparatus fixed to the bench), followed by a calibration
trial where S is made to fixate widely disparate areas
of the visual field then this must sensitise him to
the fact that the experimenter is interested in his

eye movements (e.g, Ellis and Stark mention the
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necessity on occasions to have ' time outs' to
adjust the recording device) even if some
alternative explanation for such experimenter
behaviour is given(few records of this have been
found). It is then possible that the S makes more
ocular movements than necessary. Of course, this
may not be the case, but when it is theoretically
important to determine an eye movement-fluctuation
relationship it seems relatively unjustified to
first make the S very aware of the experimenter's
interest in his eye movements,

2.3.6. Stabilised Image Studies

Another approach to the study of a relationship
between eye movements and fluctuations is with the
use of stabilised images. Several authors (e.g.
Gregory,1970; Hochberg,1970a)point out that when a
Necker cube is 'viewed' as an afterimage the S still
perceives fluctuations. Some workers (e.g. Gregory)
conclude from this demonstration that eye movements
are not related to reversals, as any eye movement
taking place does not change the 'vantage point'
from which the image is perceived, As already
detailed in Chapter 1, Hochberg has suggested that
eye movements still occur in such situations
emphasising that the 'tendency' to make such a
movement with a particular expectation is important
and not, in this case, whether there is a resultant

change in retinal stimulation.
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Pritchard (1958) presented monocular stabilised
images of several targets including Mach's book and
Beaunis cubes using a contact lens system with a
50 target size. He reports that when compared to
the normal rate of reversal for such figures:
"ambiguous figures show the reversals at about the
usual rate provided that the S is able to direct his
attention to a salient point of the pattern." Such
transference of attention seemed limited to 1-2° with
the stimuli used in this study. Using Mach's figure
to elucidate this point he notes that if this book
figure is presented such that the top of the book is
within the field of attention and S is instructed to
attend to it then an increase in reversals is found.
If S is instructed to attend elsewhere in the figure
then a decrease in reversals is obtained. However,
if the stimulus is presented such that the centre of
the book figure is within his field of attention and
the top and bottom of the figure are outside it then
reversals tend to be prevented. Pritchard points
out that the perception of such figures is affected
by eye movements although the movement of the image
upon the retina is not essential to observation of
the reversal.

Pritchard, Heron and Hebb (1960) produced
stabilised images by means of a contact lens fitted
with optical attachments which included the stimulus

: o .. .
(size 2~ visual angle). Using Ss quite conversant
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with this technique they presented a variety of
stimuli. An outline drawing of a hexagon was
perceived as a three dimensional cube figure which
was seen to reverse in a similar fashion to the
Necker cube. Another one of their stimuli was the
Necker cube itself but they do not refer to its
reversing in this stabilised condition. However,
mention of this is made in a figure legend in
another paper describing this work (Pritchard, 1961),

In this same paper Pritchard points out that
a contact lens may not produce accurate stabilisation
as it can slip and so produce some stimulus movement.
This same point is made separately by Barlow (1963).
Another approach to producing stabilised images
overcoming such difficulties is by the use of
afterimages.

This technique was used in a study of the effects
of retinal stabilisation upon visual illusions by
Evans and Marsden (1966) who created afterimages by
exposing 5 cm 2 slides in front of a diffuse
electronic flash with S's monocularly viewing from 38
cms away (stimuli thus subtending 7.6° visual angle).
Before discharging of the flash '"instructions were
then given to fixate a specified point on the target
area.'" After discharge of the flash Ss closed their
eyes and viewed the afterimage in this way against a
diffuse flickering light- used to maintain the

afterimage. Two of the stimuli used in this study
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were the Necker cube (all 17 Ss were able to reverse
its appearance in the afterimage) and the impossible
'Devil's tuning fork' figure (all 15 Ss viewing this
as an afterimage reporting that it still appeared
impossible in this condition).

Evans and Marsden argue that such results
demonstrate eye movements are not involved in the
perception of such figures as their appearance was
not affected by such stabilised viewing. It is
unfortunate that they do not specify what parts of
the figures the Ss were instructed to fixate, neither
do they give the actual size of the stimulus figures
used. The maximum visual angle of the slide was
7.6° but this communicates no information about the
figure size except that it was less than this.

Magnussen (1970) used both an afterimage
technique and normal viewing to study the reversals
of the Wheatstone cube (stimulus size 2° visual angle).
This is essentially the Necker cube, Stabilising the
image did not prevent reversals, similar values for a
group of Ss being obtained in both conditions.
Magnussen thus concludes that eye movements are not
relevant to the perspective reversals.

To produce an afterimage, the stimulus figure
was fixated for 6 s against a high luminance background
and then the stimulus afterimage was 'viewed' against
a moderately-lit flickering screen, which helped to

prevent rapid extinction of the afterimage.
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It is difficult to believe that accurate
fixation could be maintained for such a length of
time which must have affected the quality of the
resultant afterimage. A simpler technique for
producing afterimages is to simply expose the high
contrast stimulus using a photographic flashgun.

Magnussen points out that besides perspective
reversals other perceptual experiences were
reported including fragmentation, distortions, and
fluctuations of the positive and negative phase of
the afterimage.

It seems reasonable to conclude that fluctuations
can occur in such stabilised image conditions. This
has been taken to imply that a change of retinal
information, through eye movements, is not necessary
for a fluctuation to occur. 1In the studies
considered above, eye movements were not recorded.
The size of stimulus used in such studies (2 - 50)
is in sharp contrast to the size used where eye
movements are recorded, as discussed in the previous
section. It is possible that the ability to reverse
such stabilised images is related to their small
size. Ss may be able to switch attention over a
small stimulus (c.f. Prichard 198)Whether eye movements
are related to reversals in such small stimuli when
viewed normally has not been studied. Either this
ought to be done or else larger stimuli should be

employed in such afterimage situations so that the
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two approaches can be compared meaningfully.

Eye movements have in fact been recorded during
such stabilised viewing. Zinchenko and Vergiles
(1972) report several stabilised image studies in
which targets were attached to corneal caps in a
somewhat similar apparatus to that of Pritchard,
Heron and Hebb (1960)., Stimuli were large and
included a Necker cube picture (size 15° x 15° visual
angle),SChrader'S staircase (250 X 250), and a
three-dimensional Necker cube (25o X 250). It is
possible that the Necker cube stimuli referred to
were actually Mach's 'truncated pyramid' as this is
the stimulus illustrated in the article and is in
accord both with the three-state S's response of
"inside-flat-outside'" as well as agreeing with the
description of the three-dimensional construction.
Eye movements were recorded during the presentation
of these stimuli by means of an accelerometer attached
to the corneal cap.

All Ss were able to reverse the appearance of
these figures. As regards eye movements during the
perception of such stimuli, Zinchenko and Vergiles
state:

"A series of psychological tests yielded

facts indicating that during perception

of double images, such as Rubin's well-

known figures, during the perception of

Necker's cube or Schroeder's staircase,

and other similar objects, eye movements

take place. It is postulated that

successive replacement of the points of

fixation leads to the reversal of such
shapes. Investigation of perception of
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Necker's cube under stabilised conditions
and in conjunction with the recording of
ey. movements showed that reversal of the
cube also takes place only with changes in
the positions of the eye. These results
are additional confirmation of the view
that eye movements under stabilisation
conditions lead to switching of the
receptive fields of the retina." (p. 24).

Zinchenko (1966 ) further points out that:

"In spite of all the senselessness of the

movements of the eye from the point of

view of replacing of the image in

relation to retina, they still turn out

to be necessary." (p.72 ).
It may be that as Hochberg (1970a) has suggested the
'"tendency' to make an eye movement in such
stabilised conditions is important rather than
whether such a movement results in a change of

visual input.

2.3.7. Paralysed Eye Technique

Eye movements have also been prevented by the use
of atropine to paralyse the eye muscles. Loeb (1887)
with the Necker cube as stimulus, found reversals
still occurred when the eye was paralysed. Loeb
argued that reversals were related to accommodation
and that this finding demonstrated that the efference
to the ciliary muscles was the important factor.
McDougall (1906) and also Wallin (1910) have
criticised this interpretation. Wallin has also
demonstrated that reversals can occur under atropine
paralysis. George (1936) and also Zinchenko and
Vergiles (1972) similarly report reversals under
paralysis.

This evidence suggests that movements of the eye
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are not necessary for fluctuations to occur. When
a S attempts to alter his direction of gaze and his
extraocular muscles are paralysed then the visual
field does appear to move in the direction of this
attempted change (Matin, 1976). This Matin
suggests reflects the 'intention' to move the eye
or a shift in attention.

2.3.8. Voluntary Control of Eye Movements

Instructions to Ss to inhibit their scanning
of the stimulus have been used in several studies.
Lindauer and Baust (1974) and also Adams and Haire
(1958) simply told their Ss to look straight at
the stimulus. More specific control of eye
movements has typically been with the use of a
fixation mark. This is evident in work with
sectored discs (e.g. Goldhamer ,1934; Klunnapas,
1957; Oyama,1960) where Ss fixated the centre of
the disc.

Most of the studies on the Necker cube have
employed fixation. Various sizes and viewing
distances have been used with the S fixating the
centre of the cube;, for example, Orbach, Ehrlich
and Heath (1963)=8°; Mull, Ord and Locke (1954 )=
3.170; Cipywnyk (1959)~3.6°. TFixation of a
specific point on the stimulus such as one of the
internal Y junctions of the cube has also been used

(Washburn, Malley and Naylor, 1g31). These latter

researchers used 3 sizes of Necker cube: subtending
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0.470; 4.8° or 39.8° at the S's eye finding that
faster reversals were reported with the smaller
cube.

Fixation has also been employed with rotating
reversible perspective figures (Howard,1961; Price,
1967b) and ambiguous figures (Carlson,1953). Flugel
(19139 reports an experiment employing two Ss with
four stimuli: a reversible table outline, Mach's
truncated pyramid, Beaunis pile of cubes and a
wedge figure. Ffﬁgel does not give the size of the
stimuli used, although they are presumably less
than 6.4o x 3.6° visual angle - this being the size
of card used in other experiments in the report.
The Ss appeared to be able to fixate specified
points in the figures and simultaneously attend to
other areas of the stimuli.

Some studies have used both conditions of free
viewing and of fixation. Cormack and Arger (1968)
using a Necker cube subtending 50, viewed as a
stereogram with disparity, found that the presence
or absence of a fixation point did not affect the
reversal rate but had an effect on the disparity
such that no fixation increased the dominance of
the aspect consonant with that disparity. Spitz
and Lipman ( 1962) used a Necker cube (4O visual
angle) with or without Ss fixating its centre, and found
little difference between these two conditions.

Voluntary fixation of a point on the stimulus
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display then does not prevent fluctuations
although it may reduce their number. The extent
to which a S suppresses eye movements in such
conditions may be a fact in this, although such
movements may still occur. These studies
demonstrate that Ss can at least shift their
attention, although whether accompaﬂied by eye
movements or not is generally not recorded. In
Kawabata, Yamagami and Noaki's study (1978) eye
movements were recorded whilst S fixated an
internal corner of the Necker cube. Small eye
movements did occur, although these appeared to be
independent of the reported cube aspect, Of
particular interest is the fact that the size of
such stimuli is generally less than about 5° visual
angle, with larger stimuli exhibiting slower
reversals (Washburn, Malley and Naylor, 1931), This
may jillustrate that the Ss facility at such
attention shifting is spatially limited. This
would again agree with the suggestions of Pritchard
(1958) using a stabilised image of a reversible
perspective figure.

2.,3.9. Blinking

Although not strictly a viewing condition,
blinking is included here as it is an event which
has been recorded and relates to the other conditions

previously considered.

Blinking by Ss was recorded by Spitz and Lipman
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(1962) during both massed and spaced trials whilst Ss
viewed the Necker cube, no correlation was found
between reversals and such blinking. Franks and
Lindahl (1963) similarly report no correlation.
Brown (1962) found that, whereas blinks did appear
sometimes to trigger reversals there was not a
completely causal relationship as the rate of
apparent change of a rotating pin pattern increased
without a concommitant increase in blink rate. In
Wieland and Mefferd's study (1967) some Ss used
blinking as a strategy to facilitate reversals,
whereas in contrast others used staring to
similarly increase reversals. When Ss did not
intentionally modify their blinking rates, however,
the general relationship between reversals and
blinking was both small and negative. Ammons,
Ulrich and Ammons (1959) likewise report that Ss
utilised blinking as a strategy for reversing the
Necker cube, although this tended to be used by

Ss exhibiting slow reversal rates.

Orbach, Ehrlich and Heath ( 1963) used short
stimulus on and off times which Pelton (1969)
argues could be equivalent to blinking with a
reversal occurring within the time of the 'blink',
Although Orbach and Olson (1969) have disagreed
with this interpretation, Martin (1971 ) has
reported differential blinking during reporting of

the preferred (high blink rate) and non-preferred
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(low rate) aspects of the Schrdoder staircase.
Blinks tended to be associated with a reversal
only when the percept changed from the preferred
'down' to the 'up' version of the figure.
Reversals have been reported to occur simultaneously
with the occlusion of the stimulus when viewing it
with both eyes. To some exent this is equivalent
to a blink.

Blinking is a strategy which the S can
utilise to aid the change of stimulus aspect
perceived. It functions either by providing a
cessation of the current aspect stimulation or by
providing a change in visual input as in a
saccadic eye movement, Blinking may also relate
to the state of attention so that a high blink rate
indicates low attention.

2.3.10. Summary

Fluctuation of ambiguous and reversible stimuli
occurs under a variety of different viewing conditions.
Some of these specifically seek to eliminate eye
movements by the S as a contributing factor.

Voluntary fixation by the S may not fully
eliminate the possibility of such eye movements. A
switching of selective visual attention may be
important as with larger stimuli slower reversal
rates have been reported. Stabilised image
techniques do generally overcome a possible eye

movement contribution, although the typically small
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size of the stimulus used may enable the 8 to
selectively attend to different parts of the
display. Fragmentation of such stabilised images
may aid such fluctuation by altering the available
cues. Where eye movements have been recorded
larger stimulus displays have been used and eye
movements during fluctuation found, although the
exact relationship of a movement and a fluctuation
has not been established. Partial presentation
methods mirror the successive visual input of
normal viewing without the usual eye movements
occurring.

Reversals, in different orientations, of
simultaneously viewed stimuli may reflect the total
stimulus being regarded as a whole which reverses
with changes in visual attention. When the
stimuli are internally generated or the eye is
paralysed the fluctuations again reflect a
switching of attention. Monocular and binocular
viewing differences illustrate how effective use
is made of the available cues to aid the maintained
perception of a particular aspect. Blinking also

reflects such attentional changes.

2.4. INSTRUCTIONS AND RESPONSE TECHNIQUES

2.4.1. Instructions

Three classes of instructions are emphasised in
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studies of reversible perspective and ambiguous
figures. These are to remain 'passive' and not to
try to influence the fluctuations, this is the one
most commonly used. Alternatively Ss are asked to
'hold' one aspect for as long as possible and
report when it changes (e.g. Mull, Arp and Carlin,
1952) or else they are instructed to 'drive' such
fluctuations as fast as possible (Bills,1931;
Ammons, Ulrich and Ammons, 1959),

Various studies have used more than the one
condition: Pelton and Solley (1968) used both
'hold' and 'fast switching' instructions with the
Necker cube, Eysenck (1952) used all three types
of instructions with the same stimulus, and Franks
and Lindahl (1963) employed both 'passive' and

'"hold' conditions.

2.4.2. Response Techniques and Response Measures

Response recording is generally by two means:
verbal or key press. Sometimes both are employed
together or at separate times in the same study (e.g.
Virsu, 1975). A single key press response has been
used either with Ss responding each time a change
occurs (Brown, 1955; Howard,1961) or else pressing
for one aspect and releasing for the other (Price,
1967p; Porter,1938). Other versions of this are;

a single lever moved to one side or the other to
indicate each aspect (Donahue and @iffitts, 1931)

and Cohen (1959) has recorded responses via a
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typewriter.

With a single key response a problem occurs either
if the S makes an error and reports u change, such
that all subsequent reports are out of phase with
his perception, or when other phenomena are
perceived. This latter fact was accommodated by
Porter (1938) who instructed his Ss in such
conditions to press the single key rapidly until
the main figure aspects were again perceived.

The use of 2 keys, one for each aspect, can
encompass such problems, e.g. by pressing no
key (Oyama, 1960) when neither of the two aspects
are perceived.

Verbal reports are also commonly used (e.g.
Kunnapas, 1957; Washburn, Malley and Naylor, 1931;
Bills, 1931; Shopland and Gregory, 1964). Hochberg
and McAlister (1953) preferred verbal reports of
Kopfermam cube appearance arguing that the stimuli
fluctuated too rapidly for a key press response.
They also used an interesting sampling technique
where S verbally reported his perceptions when a
tone was presented. A similar sampling procedure
was adopted by Girgus, Rock and Egatz (1977).

Both verbal and key press responses may have
particular advantages in certain situations. No
comparisons between the different response techniques
and thgir possible effects upon the fluctuations of
the same stimuli have been carried out. 1In this

respect it is of interest to note that Glen (1940)
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considered some of the observed eye movements of
his Ss could be response related. The use of a
different response technique could have possibly
elaborated this.

The usual response measure is that of the
fluctuation rate, although the time to the first
reversal ('satiation period') has been employed by
Howard (1961). The aspect first reported upon
presentation of a stimulus has also been commonly
used (e.g. Fisher,1967a). Which measure is
recorded depends upon the purpose of the investigation.
Interest in which aspect is reported has involved
studies of variations in appearance of the stimulus
(Fisher,1967b), eye movement and fixation location
at the time of fluctuation (Ellis and Stark, 1978)
and the effects of different types of instructions

(Sakano, 1963).

2.4.3. The Problem of Multiple Perceptions

An illustration of the need for careful
consideration to be given to instructions and response
methods is afforded by considering the occurrence
of other perceptions besides those expected by the
experimenter. An inherent problem with using
reversible perspective stimuli is that, unlike two-
aspect ambiguous figures, they can readily give
rise to more than the usually considered two
percepts. Several authors report this. Ammons,

Ulrich and Ammons (1959) using the Necker cube and
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with well-practiged Ss reversing the figure as
rapidly as possible in 14 ming trials refer to

several phenomena reported, These included:

"rectangle in back of square', '"overlapping
squares', ''large diamond and border', '"both faces
of the cube forward at the same time." Taylor and

Henning (1963) found that one naive S saw 22 forms

of the Necker cube in 10 minutes when no instructions
were given as regards the stimulus as having only

2 possible versions. Martin (1967) reports seeing

50 versions of a cube figure. Wong (1975) using a
three-dimensional Necker cube and Schroder

staircase reports increasing multiple appearances
with increasing viewing distance,

With rotating figures the usual reversal
reported is of direction of rotation. However,
Fisichelli (1946) reports brief interruptions in
good rotary motion. With a different rotating stimulus
Brown (1955) found extraneous movement. Vaegan (1976)
also reporting several forms being perceived for a
rotating skeletal diamond shape.

This problem does not occur with two-aspect
ambiguous figures, possibly due to the more meaningful
interpretations accorded such stimuli which serve
to limit the possible aspects, This outlines a
source of difference between the two classes of
stimuli and certainly emphasises the need for careful

instructions with the reversible perspective figures



139

so that the S is fully aware of the particular
aspects in question. The response technique also
needs to allow for such perceptions which cannot
be classified as either of the expected aspects.

2.4.4. Summary

Both the instructions given to the S and the
response technique employed are important factors
to be considered. The instructions can affect the
reported fluctuation rate and the response
technique must both allow for the S making an
erroneous response as well as the possibility of
other perceptions besides those which the
experimenter expects. The response measure
employed depends on the experimental hypothesis

being investigated.

2.5. OBSERVER VARIABLES

2.5.1. Observer Naivety

The problem of whether to use completely naive
Ss or Ss who are aware of the possibility of more
than the one percept in these figures has been
considered. The difficulty with completely naive
Ss is that they may report other phenomena in which
the experimenter is not interested. For instance,
in the case of reversible perspective figures,
reports of multiple appearances of such stimuli may

be reduced by first familiarising the S with the
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particular aspects he is to report.

Leppmann and Mefferd (1968) compared both
naive and Ss who were experienced in reporting
their perceptual experiences. Both groups were
shown three stimuli (Necker cube, 'duck-rabbit'
stimulus and then Boring's figure) to create a
set to 'see' reversals and were then shown Leeper's
(1935) unambiguous old woman version of Boring's
figure. The naive Ss were more influenced than the
experienced Ss by this procedure in that they
reported more reversals with the unambiguous
stimulus.

In a further experiment Mefferd, Wieland,
Greenstein and Leppmann (1968) used the same stimuli
but with groups of Ss who were given previous
experience either on reversible stimuli, geometric
stimuli or had no such pre-training. Short
pre-training increased the reported fluctuations
both with the subsequently presented ambiguous and
unambiguous stimuli. This increase being greater
for the specific training on the ambiguous than
with the geometric figures.

Mefferd et al. argue that these experiments
demonstrate the need to use Ss who have some
experience in reporting their perceptual experiences
pointing out that the latter experiment illustrates
that both specific instructions and practice can

influence subsequent perception. In most work Ss
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are first acquainted with the ambiguity of the
stimulus, this may possibly distort subsequent
perceptual reports. A somewhat similar point has
more recently been made by Girgus, Rock and Egatz
(1977) who first showed naive Ss a series of line
drawings followed by two reversible figures (Rubin's
vase-face and either the Necker cube or Mach's
truncated pyramid). In a series of experiments,
where the exposure time of the reversible stimuli
was increased from 30 to 180s, about half the Ssdid
not report reversals. Girgus et al. argue the need
for Ss to first know the alternative aspects in
order for the stimulus to reverse.

Taken together these experiments jillustrate
the need for careful instructions regarding ambiguity
or reversibility as well as consideration of the
naivety of the Ss. The use of Ss who are naive
with respect to the experimental hypothesis but
have had some form of prior experience at perceptual
reporting together with instructions elucidating the
aspects of the stimuli of interest and possibly some
preliminary practice at fluctuating such figures
(given that this will increase the likelihood of
such fluctuations) are all important factors. They
also demonstrate the effects of prior experience
on subsequent perception of such stimuli, a factor

discussed in section 2.5.7.
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2.5.2. Individual Differences

The exact nature of some parameters studied
with regard to ambiguous and reversible perspective
figures is complicated by several findings of
individual differences between Ss. Such differences
have been found for all types of stimuli, both
static (Sadler and Mefferd, 1970; Ammons, Ulrich
and Ammons, 1959) and rotating reversible
perspective figures (Brown, 1955), reversible
figure-ground patterns (Pelton, Solley and Brent,
1969) and ambiguous stimuli (Forsyth and Huber, 1976).

Wieland and Mefferd (1967) report individual
differences in the strategies observers used to
produce reversals such as blinking or staring (also
Ammons, Ulrich and Ammons, 1959), whereas, Forsyth
and Huber (1976) have characterised different
"human non-~human' ambiguous figures into categories
which comprise particular stimulus factors and have
related these to individual differences between the
Ss.

Such individual differences may be related to
variables such as personality types or may reflect
differences in scanning or selective attention.

The existence of such differences causes problems
for studies attempting to determine particular

parameters affecting the fluctuations.
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2.5.3. Sex, Age and Intelligence

Little work has been done on sex differences,
age or intelligence effects in altering the
appearance of these stimuli. The following
findings tend to be reported in studies where the
main interest was in other factors.

Few researchers have specifically investigated
sex differences in the perception of these figures.
George (1936) using McDougall's windmill, Rubin's
cross and Jastrow's cube found as part of his study
that women were poorer at reversing these figures
than men. Sanders (1977) reports finding no sex
differences in relating reversals to dogmatism.
Lindauer and Baust (1974) mention a pilot study
using 23 meaningful ambiguous figures and finding
no sex difference either in the total number of
meaningful objects reported nor in frequency of
the first two responses for each figure. Lindauer
(1%9 ) using a preponderance of female subjects
found no sex differences when psychology under-
graduates were shown a series of versions of an
ambiguous figure. Bartol and Pielstick (1972) in
a study where Ss could choose which of an
unambiguous version or an ambiguous version they
wished to view found no effects of sex by itself,
but do reportasex-age interaction.

Heath and Orbach (1963) found slower reversal

rates in old people (mean age 70 years) than in
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young adults.equating this to the type of rate
found in frontal lobe damaged patients (Yacorzynski
and Davis, 1945). Their subjects all suffered

from chronic dibilitating disorders of the aged and
out of 31 Ss only 6 gave reliable results. Philip
(1953) found no age related differences when
comparing young (under 56 years) and old (over this
age) groups of psychiatric patients. So too did
Spivack and Levine (1959). using both normal and
brain damaged female subjects in their early
twenties. Holt and Matson (1976) found age changes
most significant between 55 and 75 years in adults
and in children between 5 and 10 years. In

an earlier study (Holt and Matson,1974) found that
Necker cube reversals increased with age when
children between 7 and 11 years were tested.

Bartol and Pielstick (1972) report that males may
have a preference for ambiguity around 12 years of
age, whereas for females such preference may occur

in late adolescence.

I1Q effects have also been noted. Holt and Matson

(1974) reported low IQ children perceiving fewer
reversals. Spivack and Levine (1959), using the
Necker cube and Schroder staircase, found no effect

of intelligence with young adult females although

Jackson (1954) found slight evidence for correlations

between Necker cube reversals and scores on the

Scholastic Aptitude test.
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2.5.4. Personality Measures

The rate of fluctuation of reversible
perspective figures has been studied with respect
to the degree of introversion or extraversion of
the observer. The majority of this work follows
McDougall's (1929) demonstration that introverts
exhibited a faster reversal rate. Subsequent work
has both supported this (George, 1936; Porter,
1938; Franks and Lindahl, 1963), or found no
evidence of a correlation between such personality
measures and fluctuation rate (Guilford and Braly
1931; Guilford and Hunt, 1932; Guilford and Frederinsen,
1934).  sanders (1977) found a small
correlation between the non recognition of
ambiguity (actually the reversible perspective of
a Necker cube) and dogmatism as measured on
Rokeach's dogmatism scale. Newbigging (1953 ) studied
eight reversible perspective figures and an empathy
rating scale, finding that individuals exhibiting
faster reversals were less accurate in their
predictions of others‘ratings.

2.5.5. Psychiatric Patients

Lower fluctuation rates have been reported for
psychiatric patients as compared to normals
(Cameron, 1936; Eysenck, 1952) with manic
depressives exhibiting less reversals than
schizophrenics (Eysenck, 1952; Philip, 1953;

Hunt and Guilford, 1933).
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Brain damaged patients exhibit slower
fluctuation rates than normal Ss (Yacorzynski and
Davis, 1945; McMurray, 1954 ; Spivack and
Levine, 1959) as well as showing greater difficulty
in ability to perceive the phenomenon (Harrower,
1939, Spitz and Blackman, 1959).

2.5.6. Motivational Effects

The effects of reward or punishment of one
half of a reversible figure- ground stimulus was
studied by Schafer and Murphy (1943). They used
circular reversible figure-ground stimuli with a
central irregular dividing line, such that each
half could be perceived as a face profile (each
half contained a representative eye). Separate
half face profiles were first tachistoscopically
exposed to the S. The S then responded with the
name of the face and a number which he was led to
believe controlled the choice of the next stimulus.
The experimenter rewarded or punished the S for
his response by adding or subtracting 2 or 4 cents
from the S's amount. On subsequently testing Ss
with the full circular ambiguous stimuli, when Ss
had to report the name of the face, then it was
found that on the first 16 of these 32 presentations
the majority of the responses were in favour of the
rewarded profile. Only the first 16 were analysed
as by this stage Schafer and Murphy found that a

new type of set had been established which
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functioned independently of rewards or punishments.
Schafer and Murphy interpreted this result as demonstrating
that autism, defined as '"the organisation of
cognitive processes in the direction of need
satisfaction'", can determine the nature of the figure-
ground organisation.

Several criticisms have been made of this
experiment (Pastore,1949: Solley and Murphy, 1960).

Rock and Fleck (1950) failed to substantiate
Schafer and Murphy's findings in an experimental
design which incorporated several modifications.
Despite the 7 years between the experiments the
same monetary reward of 2 or 4 cents was used.
Rock and Fleck point out many of their Ss reported
that this monetary amount was neither rewarding nor
punishing. Jackson (1954) later used a larger
amount (15 cents) and two conditions largely
sinulating either those of Rock and Fleck or of
Schafer and Murphy. Results similar to each were
obtained in the appropriate experimental condition.
Thus the experimental procedure appears to affect
the role of motivation. Jackson found little
difference between rewarded and punished profiles
and also that punished profiles were reported more
frequently than neutral ones. Smith and Hochberg
(1954) using Schafer and Murphy type stimuli studied
the effect of an electric shock used as punishment

and found that S's predominantly reported the non-
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shocked face as figure.

Verbal reinforcement was used by Solley and
Santos (1958) in work based upon the Necker cube.

Ss were reinforced for responding to an 'improved'
(i.e. biased left facing or biased right facing)
version of the cube and then tested on an ambiguous
cube. Learning occurred, producing perceptual
reports favouring the verbally rewarded version.

Age related changes occur in the effects of
reward and punishment. which are complicated by various
factors such as punishment (a loss of money) which may
actually be rewarding as it increases social
interaction with the experimenter (Solley and Engel,
1960). This elaborates the fact that Schafer and
Murphy's result may only be obtained under highly
specific conditions (Santos and Garvin, 1962).

Evidence appears inconclusive about the effects
of motivation upon the perception of a stimulus
which can give rise to more than one figural area.
Those effects found often appearing dependent upon

the experimental conditions used.

2.5.7. Prior Experience

Rubin (1921) demonstrated the effects of prior
experience on figure-ground perception in an
experiment where stimuli containing an irregular
area enclosed by a larger area of different colour
were presented to Ss with instructions either to

see the irregular areas as figure or the enclosing
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areas as figure. After some thirty minutes these
stimuli and some new ones were randomly presented
to the Ss with instructions to report whether the
figure was the surrounded or surrounding area and
whether this was recognised from the previous
stimuli. His results demonstrated that some 64%
of the figures were seen as on the previous
training trials. Rubin concluded from this that
there was a tendency to organise the visual field
in accordance with prior experience.

Similar results were obtained by Dutton and
Traill (1933) although the meaningfulness of the
stimuli was also important, Gottschaldt (1929)
substantiated Rubin's findings but only if the S
expected a subsequent test and was set to look for
familiar figures in that test. Rubin's
instructions may well have led the Ss to believe
their task was to look for such familiar figures.
In a repeat of Rubin's experiment in which several
modifications to the original methodology were made
Rock and Kremen (1957) did not confirm Rubin's
results. Subsequent work (Cornwell, 1963; Cornwell,
1964; Botha,1963 ; Vetter, 1965) has generally
demonstrated that prior experience can affect the
subsequent perception of such reversible figure-
ground stimuli.

The effects of visual or verbal prior

experience were investigated in Leeper's (19%) study
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of the development of sensory organisation. He
used two ambiguous figures, a 'rough copy' of
Boring's ambiguous figure and a 'rabbit-pirate'
figure. These stimuli were drawn in three ways,
two biased towards one or other aspect and the
other one being ambiguous. Three groups of Ss
were used. One of the groups were given verbal
preparation favouring one or other aspect, another
group was given perceptual preparation favouring
one aspect, and a final group was given no
preparation. The perceptual preparation group was
shown one of the biased versions of each ambiguous
stimulus for thirty seconds after which Ss wrote
down their descriptions of the stimulus. For the
verbally prepared group, before being shown the
ambiguous stimulus, a description of the biased
aspect was read to the Ss. All three groups were
then shown one of the composite ambiguous figures
for 15 seconds after which Ss recorded descriptions
of the stimulus. A second and then a third 15
seconds exposure then followed, each time allowing
Ss to "record any further facts they had not
noticed.'" Ss at this stage were then asked about
the picture content. Then the ambiguous pattern
was shown for 2 minutes with Ss recording when they
noted the other configuration. Further assistance
was given by showing Ss the biased version

illustrating the version they were having difficulty
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with. Again the ambiguous version was then shown
for 2 minutes.

Leeper found that the control group (those
receiving no preliminary instructions) perceived
both of the ambiguous figures in a biased fashion
either favouring the young woman in Boring's
figure or the pirate in the other stimulus. The
majority of the Ss who had received perceptual
preparation perceived in the ambiguous version that
aspect to which they had been exposed in this
preparation, even though there existed several
differences between the two stimuli drawings (as
shown in Figure 3.3 ). The groups given verbal
descriptions of only one or other aspect produced
different results with each of the two pictures.
For the rabbit-pirate picture this was almost as
effective as the perceptual preparation. However,
with Boring's figure the results were similar to
the control group for the young woman description,
whereas for the old woman description a larger
percentage saw the young woman than in the control
group. Leeper also draws attention to the
difficulty these Ss had in coming to see the other
aspect in the ambiguous version, although Dember
(1965) has pointed out that fine intergroup
comparisons need cautious interpretation due to
the design of this experiment.

The Ss were tested in groups using a projector
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to present the stimuli although the size of the
stimuli or viewing distance is not given (another
experiment using similarly projected stimuli quotes
a stimulus size of 140 cms2 ). The effectiveness
of the prior peceptual experience for 30 seconds
with an unambiguous version may well have
determined the initial fixations made on the
ambiguous stimuli thus helping to determine the
S's response to this stimulus. In contrast mere
verbal descriptions would not reliably control the
initial fixation positions possibly accounting for
the poorer effectiveness of this condition. A
similar explanation has been offered by Chastain
and Burnham (1975).

In a different experiment where individual Ss
were tested on these ambiguous stimuli and then
some 12 to 14 days later shown the ambiguous figure
again in a completely different context (amid some
slides of mental defectives) Ss did perceive the
figure in the same fashion as on the first
presentation. Leeper considers this finding to
demonstrate not merely a case of 'set! because of the
long time interval, but rather permanent habits.

Three similar versions of Boring's figure
were also used by Carlson (1953). Ss first fixated
for 15 s upon a biased version of the figure and

then were tested on the ambiguous figure It was found

that the effect of the previous visual experience
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was such as to favour the perception of that

aspect in the ambiguous case. Carlson does not
illustrate the versions used or give the size of
stimuli. He points out that whereas the 'young
woman' biased version was only seen as young

woman, the 'old woman' biased version was merely
"favoured'" as old woman with the ambiguous

stimulus eliciting a general preference to perceive
the young woman. This result of prior experience
was, Carlson suggested, due to expectation.

Lindauer (1969) also demonstrated the effect
of prior experience on subsequent perception
using variations of Leeper's drawings. These
were altered to produce a range of 8 stimuli; an
unambiguous old woman, an unambiguous young woman,
and a series of pictures of an old or a young
woman. One group of Ss were shown the series
starting with the young woman and ending with the
old woman, another group were shown the reverse
sequence. The former group elicited more young
woman responses and the latter group more old woman
responses.

Lindauer interpreted this as demonstrative of
the effects of set established by the initial
perception of the unambiguous version, In addition,
one week after the experiment the two groups were
unexpectedly shown one of the figures (taken from

near the old woman end of the series) which were
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responded to as the young woman (previously they

had been responded to as old woman). Only 39% of
the 82 Ss in the 'young to old woman' presentation
group who had originally given an old woman response
to this particular stimulus now maintained this
percept. In the other group 96% of the Ss now
changed to a young woman response. Lindauer admits
this is contrary to expectation arguing that the
young Ss used may have found this a more familiar
view in the absence of an immediate set.

Lindauer does not quote the size of stimulus
used only that '""two sequences of slides of the forms were
shown to two groupsof undergraduates', each form
being shown for 30 seconds. He gives his ordered
sequence of stimulj as being: from the young woman
(W) to the old woman (M) - W, Wl’ W2, W/Ml’ W/Mz,
M2, Ml’ M. No explanation of the subscripts are
given but if they are in order then the W/M1 stimulus
seems peculiarly labelled or out of place. No
picture of the stimuli used is given only that they
were based on Leeper's drawings:

"A structural criterion of ambiguity

was used to create the six ambiguous

stimuli: in increasing amounts, either the

W or M form contained elements of the

other form; and in decreasing amounts,

elements of the original form, e.g.

the mouth-line of M became longer

until it was the necklace of W, and

the neckline of W gradually turned

into the chin of M." (p. 911).

The implicit supposition is thus made that
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Lindauer or his artist know what 'elements' of
the picture to gradually change from W to M
aspects. This may well have been based upon
consideration of what constituted Leeper's young
and old woman unambiguous versions, but these in
fact differ in a wide variety of ways and it would
be difficult to state exactly and in what order
(so as to produce increasingly biased perception
of one or other aspect) these should occur in
such serially presented stimuli. Lindauer found
that the M response was more persistent in the
series starting with the old woman than that
starting with the young woman pointing out that
this also occurred "for specific forms.'" These
being stimuli W to W, which:

2

"received more M and less W responses
than expected in the M-W (old-young
woman) group while the reverse effect
was shown in the opposite group..."

.'this also tended to be true of the
response to the unambiguous M form.'" (p. 912).

Lindauer points out that:

"a question then may be raised as to

whether the responses of the groups

were to some extent due to the

nature of the stimuli rather than the

result of the set" (p. 913).
considering that an unequal degree of ambiguity
among the forms may account for the poor W effects.
Certainly it would seem that the results of the W

forms, as represented by W to W2 would support this

idea.
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The Ss were able to verbally respond not
only as young or old woman but could also respond as
neither. If both aspects were seen they were
instructed to report the first aspect noticed.
Assuming the Ss were naive to the series of
pictures and given that they were specifically
instructed that they were to be shown a "'series of
pictures containing either an old or young woman"
then a question must be raised about the effects
of prior experience in this experiment as 72% of
the responses representing inability to label the
forms (these being only 7% of the total responses)
occurred among the middle forms W2 to M2, i.e.
after 2 relatively unambiguous versions had been
observed. Such a failure of prior experience may
represent stimulus problems rather than interpretation
problems by the Ss. This is further suggested by
considering the evidence of Bugelski and Alampay
(1961) that the interpretation afforded an
ambiguous figure can be largely determined by a
preceding single set-inducing picture.

In a series of experiments Epstein and Rock
(1960) further extended Leeper's work. Again
they used three versions of Boring's figure (these
are not represented in the article, but may well
be those illustrated by Neisser, 1967), as well as
Schafer and Murphy (1943) type figures. Their

aim was to set up situations in which expectancy
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was pitted against recency and frequency. This
was achieved by instructing a S that he would be
shown a series of four stimuli, three of which
would be A and one of which would be B, but
instead was shown the series A, A, A, A/B
(ambiguous A and B version). In this situation
expectancy would predict that the S would
perceive B, whereas recency and frequency would
predict that A would be perceived.

The stimuli were exposedfor 0.5s except for
the ambiguous stimuli when an exposure of 0.2s was
used to reduce the possible occurrence of both
responses. In their first experiment 72% of the
responses were in accord with a frequency/recency
hypothesis and 28% were as would be predicted by
expectancy. Further experiments elaborated the
major role of recency as against expectancy or
frequency for determining the subsequent
perception of anamhbiguous version of a previously
presented picture. This is similar to Leeper's
(1935) finding of prior verbal instructions
(expectancy) having little effect compared to
prior visual experience (recency).

Bruner and Minturn (1955) used a similar
paradigm to Epstein and Rock, by showing either
four numbers or four letters followed by '13'.

Ss either perceived this as the number 13 in the

former case or as the letter B in the latter

condition. This was interpreted as demonstrating
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the effects of set affecting the degree of closure
of the stimulus although it could also be
interpreted as illustrating the effects of
perceptual recency. Bruner and Potter (1964)
further demonstrated the effect of perceptual
prior experience by showing that recognition of
a picture was slowed by first showing it out of
focus and then gradually bringing it into focus.
Alternatively, when a picture was first shown
properly focussed and then defocussed it was
possible to maintain the previous perception for
some time.

Epstein and De Shazo (1961) confirmed the
effects of recency using Schafer and Murphy type
figures. They hypothesised that in the Epstein
and Rock experiments, prior to the appearance of
the response to the ambiguous stimulus, there
occurred a period of rapid perceptual oscillation
during which:

."the various organised alternatives

appear and memory trace selection

occurs on the basis of distinctive

similarity. Once the trace is

selected, it can then enter into the

labile process and determine its
further development,"

(p.223)
This was tested in an experiment in which a galvanic
skin response ( GSR ) was first conditioned to one
aspect. The ambiguous composite stimulus was then

presented under circumstances favouring a recency

effect of the other alternative, i.e. it was
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preceded by the other aspect. Thus, according to
their hypothesis the recency alternative should
be perceived, but also a GSR noted. Their
results showed that 38.9% of their Ss who gave the
recency response did so accompanied by a
conditioned GSR . They conclude that this low
percentage is as would be predicted by assuming
such rapid oscillation occurs, i.e. during the
rapid oscillation the recency alternative would
first appear for some Ss, whereas for others the
alternative aspect would appear and then be
replaced by the recency one. The GSR only
appearing for the latter Ss.

36 of their Ss perceived the most recent
aspect and 9 the non-recent. However, 15 saw both,
these Ss were excluded from the percentage figure
given above. This 'both' response was attained
for the ambiguous stimuli which were only exposed
for 0.01 seconds.

Farrow and Santos (1962) have criticised both
Epstein and Rock and also Epstein and De Shazo's
work arguing that their recency effects may be due
to the particular procedural factors they employed.
To support this they cite the work of Solly and
Santos (1958) who used the Necker cube in 'biased'
versions as well as its usual form. When the data
of this experiment was construed in terms of

recency versus non-recency effects then it
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demonstrated an almost equal division of evidence
such that from their first test trial 103
responses were as would be predicted by recency
and 122 responses by non-recency. They further
guote unpublished work by Santos which again gave
virtually the same distribution for recency and
non-recency results.

Further points must be made of Epstein and
Rock's work. In the first experiment, out of
the 40 Ss used with the Schafer and Murphy
figures, 17 were excluded from the data because
""the situation failed to induce an unambiguous
expectancy or because their responses were
equivocal." Out of the 40 Ss exposed to Boring's
figure 12 Ss were excluded for similar reasons.
This means that 36.25% of the total number of Ss
were excluded from the analysis, although their
results table indicates that all 80 Ss' data was
used. This is somewhat inconsistent.

Furthermore, despite the ambiguous versions
only being presented for 0,25s both types of
picture received a small proportion of 'both-
aspects' response. These numbers being only 2 for
Boring's figure and 9 for the Schafer and Murphy
figure. The occurrence of a'both'response is
particularly interesting in such a short presentation
time. The pre-experimental instructions gave no

reason for Ss to expect a possible ambiguous stimulus
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which could be interpreted either way, thus a both
response must to some extent, besides an expectancy
or recency effect, be governed by the physical
similarity of the ambiguous to the non-ambiguous
forms.

A projection tachistoscope was used to
present the stimuli, with no control of fixation,
thus, the initial fixation position could also
possibly affect which aspect was first reported.
This is particularly so for Schafer and Murphy
type stimuli where the ambiguous figure is a
horizontal composite of a left-hand and a right-
hand possible figure. Thus fixating to the left
or right of the centre of the stimulus presented
is very likely to determine the first response.

A response of 'both aspects' could be due to
fixation position in combination with the
ambiguous form being a composite.

The two aspects of Boring's figure are not
sOo grossly spatially separated and so the initial
fixation position would not be expected to have as
great an effect. Also the ambiguous form is not
the additive composite of the two unambiguous
forms. These factors together may account for
the lower number of the 'both aspects' responses
to this figure.

In Epstein and De Shazo's experiment, ambiguous

Schafer and Murphy profiles elicited a 'both
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aspects' response for 15 out of 60 Ss (25%)
despite a tachistoscopic exposure time to prevent
such'both'responses of 0.01 s, Fixation

position again was not controlled, stimuli being
presented by a projection tachistoscope. A
viewing distance of 45 cms was used but no
further information is given about the visual
size of the stimuli, Similar 'both' responses
were reported in other experiments of Epstein and
Rock (1960),

Bugelski and Alampay (1961) demonstrated
that sets are easily established and not easily
broken by using an ambiguous 'rat-man' figure.
This was presented after a variable number of
either human or animal drawings. Apparently only
a '"'slight hint'" needs to be given to induce a
subsequent perception in that when the ambiguous
figure was preceded by only one picture of either
a cat or a lady then 75% of the Ss reported that
the ambiguous picture was of a rat or a man
respectively. When Ss were subsequently shown
the ambiguous figure again after an intervening
series of pictures depicting the opposite aspect
then this second aspect was readily adopted if
only 1 or 2 set-inducing stimuli had been used in
the first phase. Although, in most cases there
was not a significant loss of the original set.
This demonstrates that sets are easily established

and not easily broken. However, Forsyth and Huber
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(1976) have demonstrated individual differences
with such human aon- human ambiguous figures
including the 'rat-man' figure and sO care may
be needed in using this figure to examine the
effects of prior experience,

To sum up then, prior experience can affect
the subsequent perception of figure in a
subsequently presented stimulus. Prior visual
experience being better than prior verbal
descriptions. Whether the effect of such visual
experience is due to expectancy, recency or
frequency of the prior presentations has been
investigated. Results suggest that the most
recently presented alternative will be perceived
in a subsequently viewed stimulus which can give
rise to this or another alternative. The occurrence
of a 'both aspects' response to the subsequently
presented ambiguous stimulus is considered
interssting as it would seem dependent on both the
initial fixation position of the S on this stimulus
together with the degree of similarity between this
and the 'prior experience' stimuli.

The point elaborated here is the need to
carefully understand the exact nature of the
differences between such stimuli before they are
used in this type of work. To this extent the
comments made are proposed as modifiers such that
prior experience may be effective for particular Ss

in particular situations.
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2.5.8. Summary

Observer variables are important in how
stimuli which can give rise to more than one
interpretation are perceived. The observer
naivety together with the instructions given by
the experimenter can affect whether more than
the one possible aspect is elicited for the
same stimulus. Individual differences exist
between Ss in the perception of such stimuli.
These may reflect various factors such as age,
sex, intelligence, or personality differences.

The motivation of the observer may well be
important but investigations are inconclusive
about its effects. Prior experience of the
observer with the same or similar stimuli does
affect the subsequent perception of a stimulus.
The point has been elaborated that the similarity
of such stimuli as well as knowing where the S is

looking on the stimulus is important,

2.6. A BRIEF SYNOPSIS

The perception of figure in a stimulus
depends upon several factors, Some of these are
parameters which are pertinent to the stimulus
display such as the size of the possible alternate
figure areas, complexity. or hue of the stimulus.

Both the instructions and response techniques used
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can also affect whether fluctuations of the stimulus
appearance are appropriately reported.

The size of the display itself is important as
to whether eye movements play any part in the
reported fluctuation of the stimulus. Various
viewing conditions have been utilised which either
affect the available cues to each aspect or else
seek to record or eliminate eye movements during
viewing. Eye movements may play a role and
evidence indicates that selective visual attention
is certainly important. It is suggested that the
possible role of eye movements has not been
adequately investigated.

Various observer variables have been studied.
The most interesting is the possible role of prior
experience. In studies investigating this factor,
variations in the stimulus display have been
employed. The exact nature of how such variations
are or are not effective in altering the subsequent
perception of a stimulus as one or other possible
aspect has not been elaborated by previous work.
Eye movements have not been recorded in such situations.
It is proposed that such movements or attention
changes together with the particular variations
employed are important parameters affecting such

prior experience research.
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2.7. VARIATIONS OF AMBIGUOUS FIGURES

In the previous discussion of the 'prior
experience' studies it was suggested that the
exact nature of the differences between the biased
and ambiguous versions of an ambiguous figure
could possibly affect the results of such
experience. Some workers have constructed
several versions of the same ambiguous figure.
This is now considered.

Fisher (1968abhwas interested in the commonly
made assumption that the two aspects in an
ambiguous figure are alleged to have an equal
probability of being perceived' figure by a
subject. He devised numerous ambiguous figures,
drawing these in several versions so as to appear
biased towards one or other of the two possible
aspects. In this way for each stimulus figure 10
drawings increasingly emphasised one aspect and
10 increasingly represented the other. Fisher
then subjected these 20 versions of the same
stimulus to a group of 20 Ss who were '"sophisticated
in the sense of having been made fully aware of the
purpose of the study." These Ss were asked to
select both a central ambiguous stimulus and 7
versions each side of this ''graded in such a way
that the difference between each adjacent pair
was approximately the same.'' Fisher then

presented the selected 15 to 200 individuals and



167

determined the number of responses indicating the
first-named aspect which were reported. By this
means he arrived at a version of the stimulus
figure which was 'equi-probable' (i.e. judged
ambiguous by these latter Ss).

The responses obtained for 8 such stimuli
are shown in Figure 2.5 . What is evident
is that there is firstly no markedly smooth
transition from each of the versions to the next
in the same series. This is in contrast to
Fisher's initial selection procedure which was to
obtain an equally spaced series. Secondly, it is
also evident that some versions of the same
figure appear to be misplaced in the series.

Fisher adopted the criterion of determining
the 'ambiguous' version by ascertaining if the
responses lay between + 2 standard deviations of
the sampling distribution mean. By doing this he
only found one of the caseswhere version 8 (i.e.
the version initially chosen by the sophisticated
Ss) was judged ambiguous by the other Ss. TFor 4
of the stimuli version 7 was so judged and for 3
other stimuli versions 5, 8 and 9 were each chosen.
For the 'chalice-face' stimulus no version met
this criterion of ambiguity.

The generality of these latter judgements is
possibly enhanced by Bartol and Pielstick (1972)

who quote unpublished work using 5 of Fisher's






169

series of ambiguous figures. For 3 of these they
found the same version reported 'ambiguous' as
did Fisher. For one of the stimuli used Fisher
reports no data and for the remaining stimulus
they found ambiguity judged to belong to a
different version from Fisher.

In the initial selection procedure of the 15
versions, using the sophisticated Ss, Fisher notes

that:

"even when such relatively large number
of alternatives are available,
disagreement frequently arises over
which figure should be included within
the final selection. This necessitates
introducing further modifications into
them until agreement is reached.'" (p. 68, 1968b).
These modifications were made until the 15 versions
were agreed upon.

Fisher here seems to be overlooking a most
fascinating point. This is that he does not consider
how the different versions actually do differ from
one another. 1In the cases just described where
disagreement existed and modifications were made to
the drawings until agreement was reached he does not
consider just what these particular modifications
were. In initially drawing the different versions
he himself must have an intuitive idea of what
‘features' of the stimulus must progressively be
changed from the one extreme version to the other.

Casual inspection of any of his series of drawings

indicates that he changes several things between
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two consecutive versions in a series. These include
changes in length of lines, degree of closure of
areas and texture. Figure o g illustrates his 15
versions of Boring's figure.

The point made here is that what may
primarily be important for the series of stimulus
versions is a change in particular 'features' or
particular parts of the picture, For the moment
the word feature is used in an empirical sense to
refer to parts of the stimulus figure such as
specific areas of texture or a particular line in
the stimulus. Disagreement between these Ss may
have been resolved when some particular part of
the stimulus was slightly altered. Furthermore,
the series of such versions may reflect a gradual
alteration in parts of the stimulus which are highly
relevant for each particular aspect. Thus,
emphasising specific parts’or features, relevent
to one aspect while degrading those parts relevant
to the other aspect will lead to more initial
responses of the first aspect. 1In contrast,
degrading the former parts and emphasising the
latter will favour the second alternative aspect.
What Fisher's work conceals is just what parts of
the stimulus need to be so altered, It may be that
only specific parts need to be altered, but by not
knowing which are the relevant parts to start with,

then simply altering a variety of different features
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until agreement between Ss is reached, does not
permit any determination of this.

Forsyth and Huber (1976) used 10
ambiguous figures representing 'human non-human'’
aspects, reporting that "minor physical
alterations of each stimulus was made in order
to achieve human responses from approximately 50%
of a college freshman sample."

In Chastain and Burnham's (1975) work they
initially determined 2 biased and one ambiguous
version of the 'rat-man' figure by having an
artist draw 9 versions of the figure so that '"four
increasingly emphasised man features, four
increasingly emphasised rat features, and one was
presumed neutral." Ss were then shown these. being
told that some would look more like a man and
others more like a rat. Responses were on a
numbered scale, limited to variations between these
two interpretations. The final two unambiguous
stimuli and ambiguous stimulus chosen were those

h, 75th, and SOth percentiles

closest to the 25t
respectively. Portions of these stimuli were then
shown in subsequent experiments in a segmented
fashion, the experimenters choosing two segments
as representing unequivocal man and rat perception.
This experiment has been discussed earlier in

section 2.3.4. Chastain and Burnham present no

evidence to support the implicit idea that the Ss'
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choice of such stimuli were due to such specific
sector information. The differences between the
three versions they show exist in several
different places on the stimuli (Figure 2.1 ).
Again the point is made that just what the main
feature changes were between the 9 stimuli which
affected the Ss responses in this manner is
particularly interesting. It may be that specific
changes in the sector areas designated by Chastain
and Burnham for these two aspects are the 'prime'
changes affecting the perception of these aspects
but they present no evidence to support this. The
need to systematically define the effect
particular features or stimulus areas have upon
the perception of that stimulus is important before
altering several features to hopefully affect its

subsequent perception.

2.8. STIMULUS ELEMENTS AND SELECTIVE ATTENTION

The question that can now be asked is whether
specific parts of an ambiguous or reversible
perspective stimulus can be identified as being
important for the perception as figure of one or
other aspect. The perception of figure in these
stimuli may then be related to eye movements which
serve to cause the S to selectively attend to such

different areas. If it is possible to identify



particular stimulus parts then altering (such as by
removing or adding) these parts ought to produce
a predictable effect upon the perception of the
stimulus pattern.

The first clarification to be made is a definition
of what is meant by 'specific parts' of a picture.
The term ' feature ' is often used in psychology,
without being defined, to refer to some stimulus
attribute. Thisterm 'feature' seems applicable to
stimulus attributes to which parts of the visual
system are selectively sensitive (e.g. lines, angles).
Such feature detectors in the visual system
essentially reduce the redundancy present in the
stimulus information (Barlow, Narasimhan and
Rosenfeld, 1972). Sutherland (1973) has
distinguished 3 classes of such features: local
features (e.g. junctions of lines), global features
(e.g. symmetry) and concatenations oflocal features.
Neurophysiological work (e.g. Hubel and Wiesel,
1962, 1968) has demonstrated the existence of a
variety of cells which selectively respond to
particular stimulus attributes in an essentially
serial and hierarchical fashion. For example, simple
cortical cells can be regarded as line or edge
detectors, complex cells as slant detectors (Cornsweet,
1970) and hypercomplex cells as detectors of such
stimulus parameters as angles. Evidence also exists

to demonstrate that besides such a serial fashion
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some parallel processing of stimulus attributes
by independent analysers also occurs (Saraga and
Shallice, 1973; Hawkins, 1969; Peeke and Stone,1973).
Visual information is also encoded by channels
which are selective to particular spatial
frequencies (e.g. Cambell and Robson, 1968;
Maffei and Fiorentini, 1973).

It is proposed here to use the term 'element'
to refer to a line or collection of lines in a
picture which may be a collection of individual
features but which together represent an identifiable
attribute of the object represented by that stimulus.
Thus, in a line drawing of a face an 'eye' will
essentially be composed of several 1lines, angles,
etc., but these separate features together
constitute an element (an 'eye') which is recognised.
This definition comes close to that used by
Kennedy (1974) in describing pictures and is similar
to the 'distinctive features' of real objects
(Hagen, 1974). With a stimulus such as a Necker
cube then an element will be a line, an angle or
an area - in this case the term in equivalent to
the same term used by Vitz and Todd (1971) for
describing simple geometric figures.

The following working hypothesis is thus
proposed: any figure generally depicting two
alternative possible aspects will be composed of

stimulus elements, some of which will more represent

one aspect than the other and some which will
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represent both aspects to some lesser extent,
What is envisaged is that across the stimulus a
probability distribution of elements favouring
aspect A can be constructed as can a similar
distribution for elements favouring aspect B.
In these distributions, some stimulus elements
will be important for each aspect (i.e. specific
stimulus areas will have a high probability of
being perceived as one particular aspect) and
other parts will be either equivocal or less
important (i.e. altering these lesser important
elements will have little detrimental effect on
the perception of the figure). These distributions
will co-exist over the stimulus. The response of
which aspect is perceived as figure will thus be
a function of the distributions to which the
observer selectively attends (e.g. by eye movements).
Models of selective attention have been
proposed by Broadbent (1958, 1971) and Treisman
(1969) amongst others. These models stress both the
limited capacity of the system and the selective
gating processes inherent in attention, e.g.
Broadbent's 'filter' or Treisman's attenuation'
concept. Part of the attention process is the
selection of the appropriate stimulus analyses
Treisman and Riley, 1969). Lindsay and Norman (1972)
have proposed that attention mainly consists of a

comparison between expectations and the product of
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these feature analysers.

Three different attentional fields have been
characterised by Sanders (1970). The 'display
field' is the area covered in a single glance
(some 300) which is extended by saccadic eye
movements up to about 80° (the 'eye field'). Head
movements then further extend this range to the
'head field.' Neisser (1967) has proposed that
pre-attentive processes first segregate the
stimulus in a global manner so that focal attention
can occur to the figure which allows its features
to be analysed. This process is essentially
extra-foveal (Hochberg, 197Qa)and occurs within the
display field (Forgus and Melamed, 1976). Lockhead
(1972) somewhat similarly has suggested that a
stimulus is first processed as a whole or a 'blob’
followed, if the task demands it, by serial processing
of the stimulus attributes. Treisman, Sykes and
Gelade (1977) have also pointed out the importance
of selectively attending to particular spatial
locations in a serial fashion.

The main instrument of such selective attention
is eye movements. The importance of Hochberg's
(1970a) approach is that it emphasises the way in
which such movements are determined by the schematic
map. Thus, on first exposure to a stimulus the
pre-attentive processes will essentially segregate

out a figure in terms of global features followed
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by an active synthesis of the 'attended-to'
information.

The schematic map then guides the eye
movements as these expectancies are tested and
compared to the products of the detailed foveal
analyses (c.f.Lindsay and Norman, 1972 ). The result of
this process is the actual percept of figure. Thus,
if a stimulus can give rise to different
interpretations as figure then the response will be
largely determined by which elements of the
stimulus the S can selectively attend to and the
bias or weighting of such elements towards one or
other aspect. This selective attention will be
'manifested' as eye movements in situations where
these are possible, whereas, in other situations
(e.g. internally generated images) such
selective attention may not be determined by eye

movements.

2.9. A BRIEF EXPERIMENTAL GUIDE

The position taken in this thesis is that
ambiguous and reversible perspective figures are
composed of elements, some of which are relevant
to both of the major possible aspects. Other
elements are considered as having a higher
probability of being interpreted as one of the
aspects. Thus for any such stimulus it ought to be

possible to map out these distributions. The
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initial appearance of these stimuli will depend
both upon the past experience and élso upon the
initial locus of fixation. This initial fixation
location will help to determine the schematic

map subsequently tested (c.f. Chastain and Burnham,
1973). Other fixations will then be made with an
appropriate expectancy. Given that such areas of
the picture can be identified then the interesting
guestion can be asked of what happens when a
perceptual fluctuation occurs?

Hochberg argues that perceptual idling is the
main cause of fluctuation when fixations are made
with no definite expectation and if an area is then
fixated which fits the alternate schematic map then
this particular test programme is undertaken with
other stimulus areas now being fixated with this
latter expectancy. Does the subject then need to
fixate an area highly favouring the alternate
aspect before such a reversal occurs or does he
fixate such an area after such a reversal, in order
to confirm his expectation? A third alternative is
that fluctuation and change in fixation location
occur together. All three may well happen, but
without first defining which areas of the stimulus
are 'biased' elements then there is no way to
determine any possible causal relationships between
eye movement patterns, fluctuations, stimulus

pattern elements, and the perception of figure.
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Previocus research investigating the role of
eye movements in the perception of ambiguaus or
reversible perspective figures has either used a
large stimulus, with recording of the S's eye
movements, but in conditions in which the S was
very aware that this was the case. Alternatively,
in stabilised image conditions a relatively small
stimulus size has tended to be used. ¥ luctuations
in such instances possibly being related to the
ability to shift attention around the stabilised
image (e.g. Pritchard, 1958). The stabilised
image condition is, however, a useful approach as
it permits focal attention to be determined to
certain elements whilst other stimulus parts are
viewed extra-foveally. This is particularly the
case for a large stimulus. This is in contrast to
partial presentation methods where only specific
areas are viewed. 1In this sense the stabilised
condition can more nearly approximate a fixation
made at this position in normal non-stabilised
viewing. This is not to say it is directly
equivalent to such normal viewing only that the
stimulus information to the S is similar.

From the foregoing discussion of the effects
of prior experience and variations in stimulus
appearance it would seem that the choice of an
ambiguous figure rather than a reversible perspective

one may more readily demonstrate the existence of
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such weighted elements. This is not to suggest that
an effect found in the case of an ambiguous figure
will not function similarly for reversible
perspective figures. Only that the former are a
more suitable stimulus for this work. Reversible
perspective figures can depict many possible aspects
besides any experimentally determined two

alternate aspects thus possibly complicating any
study of the distribution of two schematic maps.

The following experimental hypotheses are
proposed from the foregoing discussion. These are
then elaborated and examined in the subsequent
chapters.

It is hypothesised that ambiguous and reversible
perspective figures can be considered as being
composed of identifiable elements. Some of these
elements are strongly biased or weighted toward one
or other particular aspect. Other elements are not
so differentially weighted towards either aspect.
The response of figure to such a stimulus is
hypothesised to be a function of the element or
elements to which the observer can selectively
attend. The use of a large ambiguous figure in a
stabilised viewing situation is suggested to
provide a good situation in which to examine these
proposals. These hypotheses are tested in Experiment
1 after the selection of both a suitable ambiguous

figure and an appropriate stabilised image technique.
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Given that the distribution of the aspect
weightings can be elaborated then it is hypothesised
that altering (by removing or adding) particular
weighted elements of the stimulus when it is
viewed as a stabilised image should affect the
response of figure obtained. That is, when the
weighted elements available to the S at a given
fixation position are altered then if the response
of figure is determined by the presence of these
elements then their absence should alter the
response to that of the alternate aspect. Experiments
2 and 3 test this.

The above results ought not to apply solely to
stabilised image situations where the observer's
fixation location is determined by the experimenter.
It is hypothesised that having determined the
effectiveness of particular elements in a stabilised
condition then presenting similarly altered variations
of the stimulus in a free viewing situation ought to
have predictable results upon the interpretation of
the stimulus. Experiment 4 examines this.

Schematic maps are available for the 'mature'
observer (Hochberg, 1970a), Thus, it is hypothesised
that children may not have such adequate schematic
maps for these variations of the ambiguous figure
and so age related differences in the response to
such freely viewed versions should be found. These

differences are proposed to reflect the ability to
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integrate the weighted elements into the

appropriate map. Younger children are proposed not
to be able to integrate as well as older children.
Thus, whereas the performance of older children
should approximate that of the subjects in the
previous experiment, altering the weighted elements
should have a poorer effect for the younger children.
This is studied in Experiment 5.

Having determined the distribution of aspect
weightings then when eye movements are secretly
recorded whilst a S freely views the ambiguous
stimulus his fixation locations are hypothesised
to concur with those elements found important for
each aspect. What happens when the stimulus
fluctuates can then be studied. It is hypothesised
that the observer's fixation locations will shift
from one stimulus area, favouring one aspect, to
another, favouring the alternate aspect. as fluctuations
occur. Experiment 6 reports this work.

The stabilised image experiments are presented
in Chapter 3 followed in Chapter 4 by the two free
viewing experiments. The design and construction
of suitable equipment to record the observer's
eye movements is detailed in Chapter 5. Eye
movement recordings whilst observers viewed the
ambiguous figure and its variations are presented in

Chapter 6.
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2.10. SUMMARY

The various parameters which affect the
perception of figure in reversible and ambiguous
figures have been considered. It is proposed
that the role of eye movements in the perception
of such stimuli has not been adequately examined.
Attempts to generate alternate versions of
ambiguous figures are suggested to demonstrate
the existence of possible stimulus elements
weighted towards one or other aspect. The
perception of figure is then a function of the
weighted elements available to an observer at a
given fixation location. Eye movements serve to
shift the centre of the observer's attention about
the stimulus display and so the response of figure
is hypothesised to alter as different weighted
elements become more available. It is proposed
that Hochberg's theory (c.f. Chapter 1) offers
an explanation for how eye movements are related to
the perception of such stimuli. Finally
experimental hypotheses are generated which are

examined in later chapters.
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3.1. INTRODUCTION

The previous chapters have led to the
hypothesis that a stimulus which can give rise
to more than the one figure can be considered as
being composed of elements. The perception of a
particular aspect as figure is proposed to be a
result of a combination of both fixation location
and the contribution of these elements of the
stimulus.

In this chapter this hypothesis is investigated.
Firstly the ambiguous figure used in this and the
subsequent chapters to test this hypothesis is
described and the several representations of it by
different authors are illustrated. Next a method
is elaborated which would allow presentation of
the ambiguous figure to a S in such a way that his
fixation position upon the figure could be controlled.
This was achieved by using a stabilised image
technique. A pilot study was carried out to
determine the best way of presenting the stimulus by
this method. This resulted in a simplified line
drawing of the ambiguous figure which it is argued
contains four important elements relevant to the
perception of both aspects.

By the use of different fixation positions
across the stimulus the role of both fixation
position and picture elements are examined in the

first experiment.
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The second and third experiments use the
same stabilised technique. The second experiment
investigated the effect of the presence or
absence of two of the elements using two different
fixation positions. The third experiment extended
this study to all four of the elements. In
addition, the second experiment examined the
influence of altering the fixation position upon
which aspect of a Necker cube stimulus was

reported as figure.

3.2. BORING'S AMBIGUOUS FIGURE

The choice of stimulus figure for the proposed
research was Boring's (1930) ambiguous figure.
This was selected for several reasons. Firstly,
an ambiguous figure was preferred to a reversible
perspective figure for considerations stated
previously in Chapter 2. Secondly, some authors
(e.g. Gregory, 1970 ; Hochberg, 19703 )have already
remarked that one aspect of the figure is favoured
by looking at certain regions. Hochberg
specifically suggested, without citing any
experimental evidence, that looking in a particular
area encompassing the nose of the young woman
favours this aspect, whereas a second area in the
picture, encompassing the mouth of the old woman,

favours this alternate aspect (Figure 3. 2b)).
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Thirdly, this is singularly the most popularly
presented example of an ambiguous figure and
therefore it seemed most appropriate to
investigate the existence of the aforementioned
'pictorial elements' in this figure.

Originally published by Hill (1915) under
the title "'my wife and my mother-in-law'" the
ambiguous figure (shown in Figure 3. 1 )was
popularised by Boring (1930). Boring stated that
it depicted:

"...the left profile of a young woman,

three-quarters from behind. The other

figure is an old woman, three-quarters

from in front. The ear of the 'wife'

is the left eye of the 'mother-in-law'

the left eye-lash of the former is the

right eye-lash of the latter; the jaw

of the former is the nose of the latter;

the neck ribbon of the former, the

mouth of the latter." (p.445)

Boring's drawing of the figure is shown in
Figure 3.2 (a). Subsequently, this ambiguous figure
has appeared in various textbooks of psychology
and scientific papers. Typically it is shown in
a left facing direction, Neisser (1967) alone
presenting a right facing version (Figure 3.3 (b)).

Gregory has presented a slightly different
version to Boring in that the chin of the old
woman is cut off by the base of the picture and
the treatment of the young woman's nose is less
emphasised (Figure 3.2 (c¢)). Haber and Hershenson

(1973) have illustrated a version closely similar

to that of Boring, but without Boring's textured
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g (1930)

(a) Boring

(b) Hochberg (1970a)

(c) Gregory (1970)

(e) Fisher(1967a)

(d) Haber & Hershenson (1973)

Representations of the ambiguous figure

Figure 3.2
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shading of hair and coat (Figure 3.2(d) ). Attneave
(1971) uses Boring's original drawing, whereas, Fisher
(1967a) has arrived at yet another ambiguous
version of the figure (Figure 3.2() ). Julesz
(1974) uses Gregory's representation while Hochberg
(1970a)has presented only a very rough drawing (Figure 3.2(b)).
Additionai versions of the figure have been
drawn to represent either the young woman or the
old woman aspects. Leeper (1935) constructed three
versions of the figure, 2 biased towards either
aspect, and one being ambiguous. These are shown
in Figure 3.3(a). Leeper's ambiguous version was
a ''somewhat rough copy'" of Boring's original.
Leeper commented that there were ''quite a few
differences between the single-phase drawing of
the young woman and the picture of the young
woman in the composite.'" In Leeper's old woman
version the nose of the young woman is omitted and
the left eye of the old woman emphasised.
Otherwise the figure is rather similar to the
ambiguous version. For the young woman version,
however, several major alterations are made, e.g.
the neck is elongated with the mouth of the old
woman lengthened into a necklace, the nose of
the young woman is emphasised, The major
difference with the young woman version is in the
treatment of the head outline which is completely

altered, being much smaller. Leeper's versions
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do not include the feather which was present in
Boring's drawing.

In Neisser's representation of Leeper's
versions the head sizes are kept the same (Figure
3.3b)). The old woman lacks the feather present
in the ambiguous version and the mouth and nose
of the old woman are elaborated with the removal
of the young woman's nose, In the young woman
version this last aspect is emphasised as is the
feather with the mouth of the old woman, or
necklace of the young woman, barely present.

Similarly Fisher emphasises, in his young
woman version, the nose of the young woman with
the ear being more 'ear-like' and less 1like an
eye, also the necklace is represented as a uniform
band. In the old woman version the eye is
emphasised, the young woman's nose is absent and
the mouth of the old woman is an irregular band
(Figure 3.2(c). Figure 3.2(d) is due to Rock (1975).

In constructing these different versions each
author emphasises different features. Although
there seems agreement upon emphasis of the young
woman's nose for the young woman biased version,
together with an alteration in the eye/ear and
mouth elements. For the old woman aspect the
young woman's nose is omitted or degraded and the
eye/ear emphasised as an eye. The nose and mouth

of the old woman are also exaggerated.
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(a) Leeper (1935)

(b) Neisser (1967)

(c) Fisher (1967a)

(d) Rock (1975)

Young Woman

Ambiguous

01ld Woman

Version

Version

Version

Figure 3.3 Different representations of the ambiguous

and unambiguous versions of Boring's figure.
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These alterations are also accompanied by
changes made elsewhere in the picture. No one has
studied whether all of these changes are necessary
or just what change to which element of the
picture is possibly sufficient by itself to
reliably affect perception of the picture.

Boring (1930) originally considered this
ambiguous figure to be '"the best of the puzzle-
pictures in the sense that neither figure is
favoured over the other." Subsequent research
has shown this not to be the case. In Leeper's
study (1935) 65% of the control group which was
given no preliminary preparation reported the
young woman aspect on first observation of the
drawing, whereas 35% reported the old woman.
Botwinick, Robbin and Brinley (1959) found that the
young woman aspect was predominantly reported.
Likewise, Ramamurthi and Parameswaran (1964) found
a preponderance of young woman reports. Carlson
(1953) used three versions of the ambiguous figure
and found that, whereas the young woman version was
only seen as young woman, the old woman version
merely 'favoured' this aspect over that of the
young woman. There was a general preference to see
the young woman in the ambiguous version.

Lindauer (1969) found in contrast with a series of
eight versions of Boring's figure, that in general

there was a preponderance of the old woman response
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across these stimuli

The existence of the different drawings of
Boring's ambiguous figure together with reports
of a general preference to perceive the young
woman aspect in it support the argument that this
stimulus is an ideal choice to examine the
hypothesised role played by particular 'picture
elements'. The bias to perceive the one aspect
may well be related to the way in which the

ambiguous figure has been drawn.

3.3. STABILISED IMAGE TECHNIQUES

A method of presenting Boring's ambiguous
figure so that its image would be stabilised upon
the retina was required. This could be
accomplished by several techniques: an optical
lever system, directly attaching the stimulus to
the eye, imaging internal structures of the eye
upon the retina, immobilising the eye, or by
exposing the stimulus to a bright flash of light.
These different methods are briefly considered
and then the most appropriate is selected.

Optical Lever System. This technique uses a

mirror attached to a contact lens fitted over the
eye. An optical system projects the stimulus
target onto this mirror in such a way that when

the eye moves so too does the contact lens and
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mirror. This stimulus is then stabilised as long
as the contact lens does not slip. The S either
views the image from a screen or else the image

is directly focussed upon the pupil (Heckenmueller,
1968). Ratliff and Riggs (1950) described such a
system which compensated for eye movements and

for their magnitude by altering the projected
optical path of the target. Because the mirror
was directly mounted on the contact lens only
horizontal eye movements could be accounted for.
Clowes and Ditchburn (1959) compensated for both
vertical and horizontal movements by mounting the
mirror on a small stalk attached to the contact
lens. Both approaches require accurate stabilisation
of the S's head.

Direct Attachment of the Stimulus. Targets

have been fastened directly to the contact lens on
the S's eye (Ditchburn and Pritchard, 1956). By
mounting the target on a stalk and illuminating it
with collimated light (the collimator also was
attached to the stalk) then the image appeared at
optical infinity.

Internal Eye Structures., Internal structures

of the eye, such as shadows of retinal capillaries
or macular pigment appearance (Campbell and Robson,
1961), can be imaged on the retina. Other entopic
phenomena such as 'Haidinger's brushes' (Ratliff

1958). which have an hour glass shape, can be utilised.
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They are best observed by monocularly viewing a
bright field of blue light through a polariser
rotating at 1 Hz (Coren, 1971; Coren and Kaplan,

192 ).

Eye Immobilisation. The eye can be

immobilised through paralysing the extraocular
muscles (Kornmuller, 1930) with a suitable drug
such as Curare (Zinchenko and Vergiles, 1972).

Afterimages. A flash of light produces

similar stabilisation (Bennet-Clark and Evans,
1963) of the retinal image by means of the
afterimage so created. Targets on a transparent
background attached to a rear light source can be
used or else high contrast stimuli can be briefly
illuminated (Evans, 1966).

Review and Choice of Technique

Systems using contact lenses are subject to
slippage with respect to the eye (Barlow, 1963) as
well as being unpopular with Ss and expensive. Eye
immobilisation through drug injections is not
practical for a large number of Ss. Entopic
phenomena are useful but the ease and simplicity
of afterimages renders the last approach the one
chosen here. It is also thc¢ one most amenable to the
use of large stimuli.

Fragmentation. The main problem with a

stabilised image approach is fragmentation of the

image. Several workers have studied stabilised
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image phenomena using the above techniques
demonstrating that relatively similar effects are
produced by the different methods (e.g. Evans,
1966; Heckenmueller, 19€8). In genecral a stimulus
viewed in such a fashion will disappear and
reappear, i.e. fragment, either as a whole or in
parts. This is not due to factors such as
slippage of a contact lens (Fiorentini and Ercoles,
1963 ).

Fragmentation appears to be affected by
several factors. Meaningful stimuli remain
visible longer than meaningless stimuli (Arnold,
Yudell and Pease, 1968; Wade, 1974). Parts of
the stimulus being attended to likewise remaining
visible longer (Heckenmueller, 1968). Jagged
stimuli appear to be less stable and fragment more
easily than rounded ones (Pritchard, Heron and
Hebb, 1960 . Acute and obtuse angles disappear
more than right angles (McFarland, 1968) and are
affected by the orientation of the angle (Schmidt,
Fulgham, and Brown, 1971)., Straight lines tend
to act as units and fragment as a whole. 1In a
complex stimulus parts of it fragment in apparently
'good', in the Gestalt sense, organisations
(Pritchard, Heron and Hebb,1960; MacKinnon, 1971).
Perceptual closure has also been reported to occur

with fragmentation (Pritchard, Heron and Hebb,
1960; Gregory and Arnold, 1971). wade (1978) has recently

reviewed the fragmentation and fluctuation effects in afterimages.
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Most of this work has usually been directed
to the investigation of other issues rather than
the present interest in the perception of a
stabilised image of an ambiguous stimulus. The
importance of fragmentation in the latter
instance is that if a S is reporting his
perception of a stabilised image which is
fragmenting, this very process may produce
different cues to each aspect so affecting the

S's response

3.4. THE PILOT STUDY

3.4.1. Introduction

Having decided upon the ambiguous figure to
be used and the technique of stabilising the
retinal image of this stimulus consideration was
then given to the need for the ambiguous figure to
give rise to an adequate afterimage. The
appearance of the afterimage produced had to be
able to be reported as either the young or old
woman. This would be complicated if the afterimage
rapidly fragmented as the fragmentation may
selectively aid the perception of one or other
aspect. An experimental arrangement was thus
required which would produce an afterimage, the
appearance of which could be reported before such

fragmentation occurred.
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Boring's ambiguous figure was first redrawn
as a line drawing in order to facilitate the
perception of the ambiguous figure in conditions
of stabilised image presentation as well as to
remove any confounding effects of texture cues.

A pilot study was then carried out, firstly to
determine whether this line drawing version of
the ambiguous figure could represent both of

the possible aspects and further to determine the
parameters of such a stimulus. The stimulus
parameters investigated included the following.
The stimulus size had to be such that Ss could
perceive both aspects in the stimulus and yet
permit foveal vision to be determined to only
specific parts of the stimulus. A suitable
technique for controlling fixation position to
achieve this had to be devised. The appropriate
line width of the stimulus as well as whether the
best afterimage was painted using either a white
line drawing on a black background or vice versa.

The pilot study was carried out in two parts.
In the first different stimuli were used and in
the second different instructions and viewing
distances were employed.

3.4.2. Part 1.

Subjects. Eight undergraduate Ss (five males

and three females) took part.
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Apparatus. Boring's ambiguous figure (1930)

was reproduced as an outline drawing of various
sizes by using a pantograph to enlarge the
original. Both black line drawings on white
backgrounds as well as white drawings on black
backgrounds were constructed. The white 1line
drawings on a black background were formed by
using cut-out white card on a black card ground.
The black line drawings on a white background were
produced both in a similar fashion (using black
cut-out card on a white card background) and
also by using black Indian ink to draw the outline
figure. Luminous fixation spots were made by
using truncated pin heads covered in luminous
paint.

A Metz Meccablitz 502 flashgun served as the
light source to produce the afterimages. This
was placed on a table between the S's position and
the target stimulus position and directed at the
stimulus.

For some Ss a stopwatch was used to time the
sequence of the reported appearance of the
experienced afterimage.

Procedure. Ss were seated at the table in a

darkened room with the flashgun in front of them
and allowed to dark adapt for several minutes,
their non-preferred eye having been occluded by an

eyepatch. One of the stimulus cards was then
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introduced at the other end of the table with the
luminous fixation spot positioned upon it. Ss
were instructed to fixate the spot and then
discharge the flashgun in front of them where-
upon they were to lightly close both of their
eyes and then verbally report what they saw.

3.4.3. Part 2.

Subjects. Twenty Ss (twelve males and
eight females), all undergraduates were used.

Apparatus. As for Part 1.

Procedure. The general procedure was as in

Part 1. Various pre-experimental instructions
were given and the Ss were seated at different
distances from the stimulus. For some
presentations parts of the stimulus were occluded
by white paper (where the stimulus was a black
line drawing on a white ground) or black paper
(for white on black ground stimuli). This meant
that the occluded part was then not present in the
S's afterimage.

3.4.4. General Results and Discussion

The following was the sequence of afterimage
appearance typically reported by Ss when the black
line drawing stimulus was used. On discharge of
the flashgun a short duration flash ensued followed
by a period of some seconds (5-7 s) during
which no figure was visible. The white square then

appeared, often being purple-white in colour. This
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was followed by the extremely rapid building up of
the constituent lines of the figure until the
complete positive afterimage was visible for a

few seconds during which time Ss reported what

the stimulus represented. The figure then
gradually fragmented eventually resulting in the
negative afterimage of the stimulus which again
tnen fragmented until complete disappearance of
the afterimage was reported about one minute or

so after the initial flash.

White figures on a black background
produced afterimages which were unclear and
fragmented quickly and which were poorly reported.
Black stimuli on white backgrounds producing
apparently 'clearer' afterimages (i.e. Ss were
able to describe their perception better). Those
stimuli which were constructed from cut-out black
card were more susceptible to faster fragmentation
than were the black line drawings. The former
stimuli were also more 'jagged' in appearance
compared to the more rounded ink-drawn versions.

A black Indian ink drawing on a white
background, size 40 cms x 30.5 cms with a line
thickness of 0.64 cms, produced the best afterimages
at a distance of 61 cms from the S. At this
distance this size of stimulus met the criterion
of affording differential foveal vision to be paid

to certain parts of the stimulus while other
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stimulus areas were viewed more peripherally. A
centrally located fixation position on the stimulus
card (positioned near the element representing the
ear of the young woman or the eye of the old woman)
allowed Ss who had previously been shown a
photograph of Boring's figure to alternate their
responses between the two aspects in the afterimage.
On questioning afterwards all the Ss considered

the line drawing to be a good representation of the
original figure.

Completely naive observers when asked to
report their perceptions sometimes reported
changing colours in the afterimage. Naive Ss were
also often biased with respect to which aspect
they reported. The young woman being reported
more often.

The flashgun discharge besides illuminating
the stimulus also increased the luminosity of the
luminous fixation spot, Having Ss close their
eyes lightly after the discharge prevented the
possible subsequent perception of this spot
undergoing apparent agtokinesis which might detract
from reporting the afterimage appearance. This
procedure is commonly used in afterimage studies
(e.g. Wade, 1974). The other possible effect of
the discharge upon the fixation spot was that if
the fixation spot was located directly on one of

the lines of the drawing then this may affect the
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appearance of that line in the afterimage. For
this reason the fixation spots were always placed
near particular lines rather than on them.

When Ss were previously familiarised with
both aspects of the ambiguous figure then varying
the fixation spot position and occluding various
stimulus parts resulted in the following:

A fixation position near the young woman's
nose produced soldy young woman responses;
fixation near the ear/eye produced responses of
both aspects, whereas fixation near the mouth of
the old woman produced more responses of this
latter aspect.

When the nose of the young woman was occluded
and fixation was near this then more old woman
responses were elicited. This was in contrast to
the finding when this feature was present. When
the lines constituting the old woman's mouth
were partially occluded this appeared to have little
effect.

Presence or absence of the 'feather' in the
ambiguous figure did not produce a difference in
response to any fixation position. From the Ss'
descriptions after the experiment it was deemed
that this item served mainly to confuse the
response of 'old-fashioned in appearance' of both

aspects.



206

3.4.5. Summary

The pilot study showed that an afterimage of
a line drawing of Boring's ambiguous figure could
give rise to both young woman and old woman
responses. A suitable size of stimulus was
determined and the use of luminous fixation spots
permitted control of fixation position prior to
painting the afterimage. It also demonstrated the
need for Ss to be made aware of the two aspects
in the stimulus and to be familiarised with the

general appearance of such afterimages.

3.5. THE LINE DRAWING OF BORING'S AMBIGUOUS FIGURE

The resultant line drawing of the ambiguous
figure is shown in Figure 3.4 . It can be
considered as being constructed from a series of
lines which together constitute an overall 'facial'
area together with other lines which it is
proposed can be construed as four elements. These
four elements are:-

a) YE. The young woman's eyelash

and nose, or the old woman's
second eye,.

b) E/EC. The ear of the young woman

or eye of the old woman .

c) CL. The cheekline of the young

woman or part of the nose of



207

‘TTnwils
UOT3BSTIBITTWR]
pue san31y s,3utaog

JO SUOTISJBA g 9YL 9°'¢ 2andrtg

TINWT3S UOTIBSTIRT{TWE]

€S ¢s 1S
ﬁ T |
\ | ’
e
o ,
|
|
uoTlTsod UoT3exXII =0
UOTSJISA UOTSJ9A
uBWOM PTO snon3drquy

*(x)autod
UOT1BXTJ TBJILIUDD
9yl pue suotjisod
UOT3IEBXTT GT 9YL

g

‘e 8an3t4g

‘sjuawaTe § 8ya pue
3uimeap OUIT BYJ, ¥ °'E 2an31yg

N —

———

//ﬂ\lntlulnqo

od/d




208

the old woman aspect.
d) M. The necklace of the young
woman or mouth of the old
woman,
The lines considered as constituting each
element are also shown in the same Figure.
The two possible responses to this stimulus
are as young woman or as old woman. These are

characterised as YW and OW respectively.

3.6. EXPERIMENT 1,

3.6.1. Introduction

The pilot study determined the best size of
stimulus to use so that Ss could report both
aspects yet by altering the fixation position,
before painting the afterimage of the stimulus,
visual attention could be controlled to specific
stimulus areas. The purpose of the first
experiment was to test the hypothesis that
fixation in different areas of the stimulus would
produce different proportions of young or old
woman responses. The perception of an aspect
being largely dependent upon what elements are
within focal vision at a particular fixation
position.

Using an afterimage technique Ss were

required to respond which aspect the positive
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afterimage represented. Some practice with
reporting the appearance of afterimages of other
stimuli was first necessary to ensure familiarity
with the general appearance of such images to
avoid irrelevant responses (e,g. colour changes).
Ss were also familiarised with the ambiguous
figure itself to ensure the availability of a
response representing each aspect. This was to
overcome any possible stereotype to respond to
only the one aspect.

For these two reasons a technique of
afterimage familiarisation and practice with
alternating the response to the ambiguous stimulus
was employed before studying the effect of
altering fixation position,

From the pilot study results, together with
the consideration of how other authors have drawn
the ambiguous figure in biased fashions, it was
hypothesised that fixation near the YE element
would produce more YW responses and fixation
near the M element more OW responses.

A possible, although simplistic, explanation
for the perception of the overall figure could be
proposed such that the YW aspect was mainly a
result of fixation near the YE element, the OW
aspect could be due to the similar effect of a
single element (M) with the other two elements and

overall facial lines tending to represent both
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aspects. Thus, for a fixation position near the
E/EC or CL elements no dominant response of YW or
OW would be predicted. To test such a proposed
distribution of responses across the figure 15
fixation positions were chosen, these being
selected from those used in the pilot study.
These positions were located both near specific
elements and also elsewhere on the stimulus.

Boring's ambiguous figure is almost
exclusively presented in a left-facing fashion.
Both left and right facing versions were used
here to see if any difference in response was
obtained. For instance, if the YE element did
strongly elicit YW responses then in a left facing
version this may, on the basis of left to right
reading eye movement habits, be the first element
commonly encountered. This may then be related
to the wusual finding that this ambiguous figure
is perceived as more often representing the
young woman aspect.

To check that a response of YW when fixation
was near the YE element was actually due to the
presence of this element and not just due to
fixation in that general part of the picture an
additional stimulus condition was incorporated
where the stimulus did not contain this element.
Thus, the S's responses could be compared for the

same fixation position but with this element present
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or absent. It was hypothesised that omitting this
element would produce more OW responses than when
it was present, thus demonstrating that the

response was largely due to this element
particularly representingthe one aspect as compared
to fixation positionalone.

3.6.2. Subjects

Twenty first year psychology undergraduates
(10 males and 10 females) served as Ss.

3.6.3. Stimuli

Following the determination of the stimulus
given in the pilot study the following four stimuli
were constructed by the same means. All stimuli
were drawn in black Indian ink with a line thickness
of 0.64 cms on a white card background of size 40 cms
high x 30.5 cms wide. Total size of the card was
40 x 40 cms, the extra width being on the left hand
side and covered in black fablon for handling
purposes.

Two of the cards were a left facing (AL) and
right facing (AR) line drawing of Boring's original
figure. The other two cards were drawn in similar
fashion but without the YE element, one card facing
right (OR) and the other left (OL).

All four stimuli had 15 pinholes in identical
positions with respect to the stimulus figure as
shown in Figure 3. 5 . A truncated pinhead covered

in luminous paint served as the fixation spot. The
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fixation position was altered by siting the
pinhead in one of the pinholes prior to
discharge of the flashgun.

An additional stimulus card, the same
overall size, served to provide three different
stimuli to familiarise Ss with afterimage
appearance. These stimuli were Sl’ 82, and SB'
The line drawing was 22.5 cms high by 16.5 cms
wide. To produce the three stimuli, parts of the
line drawing were occluded by white card in
conjunction with a particular fixation position
prior to presenting it to the S. These three
stimuli and their relevant fixation positions
together with the drawings of Boring's figures
used are shown in Figure 3. 6

3.6.4. Apparatus

The apparatus is shown in Figure 3. 7 and Figure
3. 8. A black stimulus card holder was positioned
at one end of a light proof 'box' consisting of
a wooden framework supporting a black sugar paper
interior. The end of the 'box' opposite the
stimulus was open. In this opening was positioned
a combined head and adjustable chin-rest. The
viewing distance was 61 cms.

The flash head of the flashgun (Metz
Meccablitz 502) was mounted directly in front of
the chin rest just below eye level. The flash

duration was .001s and its energy was 120 w.s™!
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One side of the box was removable to allow stimuli
to be mounted on the holder and for positioning
the fixation spot on the stimulus. A small light
bulb (40W) was placed in front of the stimulus
holder at the base of the box. Between the S's
position and the stimulus were two matt black
masks to limit the S's field of view to the
stimulus, with the lower one also occluding the
light bulb. A matt black card (card B) could be
slid horizontally across the box just behind the
masks so making a light proof area between it and
the stimulus holder.

The flashgun was fitted with a remote
discharge button operated by S. The charging unit
of the flashgun was outside the box. The
experimenter (E) sat at the side of the box with
a stopwatch. A small darkroom light was used so
as to be able to record responses, whilst
maintaining the room in relative darkness,

3.6.5. Procedure

The S's eye preference was first determined
by asking which eye was used for sighting a rifle
or viewing through a telescope. The non-preferred
eye was then occluded by an eye patch.

The S was then seated with his chin on the
chin rest and its height adjusted until the S's
preferred eye was at the same height as the centre

of the stimulus card holder and thus vertically
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at the centre of the stimulus. Both an

intervening sighting aid and a mark on the
centre of the stimulus holder were used in a no-
parallax method to attain this. The following

instructions being read:-

"This is a headrest (indicated) and
this is a flashgun (indicating the
flash head) which I want you to
operate later by pressing this
button. Now if you put your chin on
the chin-rest and tell me when

these (indicating the sighting aid
and the mark on the stimulus holder)
are at the same height."

On completion card B was then introduced so
obliterating S's view of the box interior. The
room lights were turned off and S dark adapted
for at least 5 minutes. During this time
stimulus S1 was mounted in the holder and the
fixation spot positioned on it. When the side
of the box had been replaced the internal light
was briefly turned on so as to increase the
luminosity of the spot and the flashgun was
charged.

S was then instructed:

"In a few moments you will see a

luminous green spot, I want you to

fixate this spot with both eyes cpen -

of course, you will only be able to

see it with your left/right eye (as

appropriate for the S). When you

have fixated the spot I want you to

press the button and as soon as the

flashgun goes off, close both your

eyes gently and then tell me what
you see. Any questions?"

Card B was then removed and S asked if he could
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see the spot. Upon confirmation he was then told

to press the button when he was ready. S then
reported what he saw. He was then instructed to
ignore any changing colours in the afterimage, to
wait until the stimulus appeared as a black line
drawing on a white background and to simply report
"what it was a picture of." Card B was introduced
again and stimulus S2 positioned on the holder.
After at least 2 minutes to allow the first
afterimage to disappear the following instructions
were read:

"I want you to do the same this time.

After the flash, try to keep your

gaze steady at the position where the

fixation spot was before the flash -

this will help you to see the picture

clearly. (Card B was then removed

after the internal light had been

briefly turned on and off). Can you

see the spot? ...... O,K. Flash when

you are ready."

This procedure was repeated for the first 5
presentations with at least a 2 minute interval
between each. This interval being longer if a S
reported that the previous afterimage had not
completely faded. The first 3 stimuli were Sl’ 82,
and S3 respectively. The fourth and fifth
stimuli for half the Ss were AL then AR (using a
fixation position at the centre of the stimulus -
spot position X (in Figure 3.9 ), the other half
of the Ss received stimuli AR then AL with the same

fixation position. All Ss responses were met with

a non-committal "O.K." from E.
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After these 5 stimuli had been presented the
room lights were turned on and S shown a
photograph (size 10 cms x 13 cms) of Boring's
ambiguous figure and asked ''can you tell me what
this is a picture of?'" If S only reported one
aspect, then he was further asked '"Can you see
anything else?'" Both aspects were then verbally
elaborated for the S until he could readily
perceive both and alternate between them.

The descriptions of each aspect were
modelled after those used by Leeper (935,pp€4-65) and

were as follows:

"The picture can, in fact, be seen in
two ways. It looks either like a
young woman or like an older woman.
The young woman is looking away over
her shoulder so that her left cheek
hides most of her face. The tip of
her nose and eyelash can be seen but
her mouth and eyes are hidden. Her
left cheek and left ear are clearly
visible as is her chin. A heavy fur
collar is round her shoulders and on
her head is a headscarf. The old
woman is looking to one side so that
her face is shown in profile. She
has a large Roman nose, shrunken lips
and aprotruding chin which is almost
hidden in the fur collar of her coat,
Her left eye is clearly visible and
you can make out the eyelash of her
right eye. Her left ear and part of
the side of her face is hidden by a
headscarf."

For half the Ss the old woman was described
first.
This procedure was then repeated, this time

presenting S with stimuli AR and AL on the other
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side of the experimental room - some 190 cms away,

The S was instructed:

"These are two line drawings of the
figure 1 have just shown you. In

one the two possible faces are looking
to the right hand side and in the
other they are looking to the left
hand side. Can you see both of the
figures in these line drawings? 1
want you to look at these for a few
minutes until you feel you can

easily see both."

When the S could readily alternate between the
two aspects on the line drawing the room lights
were then turned off. S was then allowed to dark
adapt again for some 5 minutes when the following
instructions were read:

"I am now going to present you with

one of the pictures I have just

shown you. I want you to tell me

if you can perceive both aspects."

S was first presented with either AR or AL,
using the same afterimage technique as before and
fixation position X, then with the alternative stimulus.

S was then instructed:

"Now I am going to show you a series

of pictures like those you have just

seen and in each case I want you to

tell me whether it is a picture of a

young or an old woman. I want you

to tell me which it is as soon as

you can clearly see the positive

afterimage. Any questions?"

18 stimulus presentations were then given. 16
of these were of either stimuli AL or AR using each
of the predetermined 15 fixation positions, the

sixteenth one being a randomly chosen repeat

condition of one of these positions. The order of
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the conditions was chosen for each S by first
determining the presentation order of the
fixation positions using random number tables
and then randomly assigning stimuli AL and AR
to these such that eight presentations were of
AL and eight were of AR. Stimulus OR or OL
(using fixation position 1) was presented
halfway through the series and again at the end
(using fixation position 3). All Ss resposes
were timed from the flashgun discharge to the
verbal report of the appearance of the positive
afterimage.

3.6.6. Results

The familiarisation stimuli. The three

stimuli Sl’ 82 and 83 each elicited descriptions
of their positive afterimages. S1 was described
as the letter'H'or as'rugby posts', 82 as the letter
'M'and Sg as'H or Trugby posts' with an extra line.

First line drawing presentation. The responses

obtained upon the first presentation of the

ambiguous line drawing where Ss reported the
appearance of the positive afterimage were categorised
as young or old woman. All Ss described it as a
woman's face, a young woman response being scored

for a response similar to '"'woman looking away over

her shoulder" and old woman for a response of the

type '"woman with a big nose."

Ten Ss were each initially presented with
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stimulus AL yielding 6 YW and 4 OW responses and
ten with stimulus AR giving 7 YW and 3 OW
responses. Thus, each stimulus was perceived with
a preference for reporting YW, there being no

difference between the two stimuli with respect

to the proportion of responses attained,(X2=0 NS).

Ss responded as the same aspect to both the
stimulus cards - 4 males responding as OW and

7 females giving 6 YW and 1 OW responses.
Considering the first presentation of both stimuli
AL and AR to each S then stimulus AL received 10
YW and 10 OW responses with AL achieving 11 YW and
9 OW responses (Sign test: p = 1.0, N.S.).

Photograph and line drawings. The photograph

of Boring's figure was readily perceived as
depicting both aspects. The majority of Ss had
seen it before. On presentation of stimuli AL and
AR after the photograph, with the room lights on,
Ss had no difficulty in perceiving the stimulus
cards as line drawings of this photograph. Some
Ss reported that the left facing card was more
like the YW than the other. This was probably
related to the fact that the photograph was also
left facing. All Ss were able to alternate between
the two aspects with both the photograph and the
line drawings.

Afterimages. After the above conditions all

Ss reported the ability to perceive both aspects in

Eleven
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Male Female Overall
Total Total Total
Fixation | ow | yw | ow | yw | ow | vw
Position
1 o | 10 o | 10 0 | 20
2 2 8 | 2 & 4 | 16 |
3 5 5 4 6 9 | 11 !
4 2 8 3 7 5 | 15 ¢
5 1 9 0| 10 1 ( 19
6 7 3 5 5 | 12 8 |
7 6 4 5 5 | 11 9 |
8 6 4 7 3| 13 7 1
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 |
14 6 4 6 4 ] 12 8 |
15 9 1 6 4 | 15 5}

Table 3.1 Male, female znd overall number of YW

responses for each fixation position.

Figure 3.9 The total number of YW responses

at each fixation position.

,J\,

D

. (a) (b)
Figure 3.10 1Tpe 3 stimulus areas.

(c)
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the afterimage (i.e. alternate between them) when
instructed to do so using fixation position X. No
S reported both aspects in the subsequent 18
experimental conditions,

The individual data for the different conditions
is shown in Table A.1 (Appendix A). 1In all cases
the repeated condition yielded the same response.

Male, female and overall responses per fixation
position are shown in Table 3.1. Applying Fisher's
exact probability test to examine differences between male-
female responses per fixation position yielded no
significant differences between the two sexes
(p>0.05 in all cases).

Taking an indicator variable of 1 for a YW
response and 0 for an OW response the individual
data for the 20 Ss on the 15 fixation positions was
then analysed using Cochran's Q test which proved
significant (Q = 83, p< .001). Thus, the different
fixation positions did alter the responses to the
stimuli. The overall number of YW responses per
fixation position is shown in Figure 3. 9 where
these are superimposed over the appropriate
fixation position in the picture.

Stimuli OL and OR yielded predominantly OW
responses. For fixation position 1 these were 17
OW and 3 YW responses and for fixation position 3
there were 18 OW and 2 YW responses. Both of these
are significantly different (Sign test, p< .001

and p = , 02 respectively), from those corresponding
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fixation positions on stimuli AL and AR.

All Ss responses were timed from the flash
discharge to the verbal report. This was merely
to check that the response did not immediately
follow the flash, in which case the response would
not be to the positive afterimage. These times
ranged from 6 - 12s.

3.6.7. Discussion

The three stimuli Sl’ 82 and 83 were used to
familiarise Ss with both the appearance of
afterimages and with the experimental technique.

All Ss reported these stimuli appropriately. S1
was reported as 'H' or 'rugby goal posts,' 82 as
'M' and S3 was reported as 'H' with an extra line.

After presentation of these 3 stimuli Ss would
have some form of set to expect a letter-like
stimulus, yet when stimulus AL or AR was then
presented all Ss perceived it as a woman's face.

Half of the Ss were initially presented with AL

and half with AR, there being no significant
difference in responses obtained to each stimulus
and thus the stimuli were not differentially biased
with respect to each other.

Before presenting the 18 experimental conditions
Ss were shown a photograph of Boring's ambiguous
figure, followed by the two experimental stimuli line

drawings of this figure. The purpose of this was to

acquaint Ss with both aspects and thus attempt to
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remove any systematic bias on behalf of a S to
perceive only one aspect. Using the photograph
both aspects were verbally described if any S had
difficulty in perceiving them. Ss then viewed
the line drawings, all Ss at this stage being
able to alternate between both aspects in these
drawings. Ss had no difficulty with alternating
with either the left or right facing versions.
The line stimuli were presented some distance
from S to prevent him perceiving the small
pinholes.

Ss were then presented with stimuli AL and
AR under afterimage viewing conditions with a
central fixation spot. They were instructed to
report if they could perceive both aspects in the
afterimage, all Ss reported this ability. This
demonstrated that the size of stimulus did not
preclude the perception of either aspect as well
as showing that when instructed to do so all Ss
could alternate the afterimage of the stimulus.
No S reported such alternation in the experimental
conditions when they were instructed to report
the appearance of the line drawing in the positive
afterimage. This is despite the proximity of
fixation position X and the experimental fixation
position 3. (Figure 3.5).

Altering the fixation position does affect

the resultant perception of the picture (Figure 3.9 ).
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The number of YW responses increases as the
fixation position approaches the YE element
whereas the number of OW responses increases for
fixations near the M element of the picture.

An explanation of these results could then
be proposed on the basis of emphasising the almost
exclusive importance of foveal vision. Assuming
that this is a main determinant of selective
visual attention. Thus, it could be argued that
the picture is composed of a general facial outline
common to both aspects and that the response of YW
or OW is mainly determined by which element (YE,
E/EC, C, M) is more in foveal vision. If these
elements themselves are biased in the sense that
fixation near a particular element is more likely
to elicit perception of one aspect than the other
then a spatial distribution of proportions of
young or old woman responses would be attained.
The assumption is that as a result of the pre-
training the S is able to fairly readily perceive
either aspect. Both schematic maps representing
either aspect are available to him. Which aspect
he reports being mainly determined by the element
or elements more nearly in foveal vision than any
other element. The former element is selectively
attended to which then triggers a particular
schematic map. These elements are predicted to

be differentially weighted or biased towards either
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aspect thus effectively determining the S's
response.

If the YE element is biased toward YW
perception then fixation near this would produce
a higher percentage of YW responses. This would
seem to be the case as fixation in a similar
position on a stimulus (OL or OR) not containing
this element produced predominantly OW responses.
This shows that it is not just the fixation
position which is affecting which aspect is
reported but fixation location and the presence
of a particular element. If the mouth element
were more biased toward the old woman aspect then
fixation near this would be more likely to
produce OW responses. Fixation near the E/EC or
CL (elements which may be construed as
representative of either aspect) would then be
expected to produce more equivocal perception of
both of the aspects.

This type of bias could be predicted from
consideration of the meaningfulness of such
elements. The YE element for the YW constitutes
both her nose and eyelash, as such it then
determines the direction of this face so that the
E/EC is more likely to be construed as an ear.
The M element is the mouth of the old woman, thus
constituting a meaningful part of the face of this

aspect, whereas for the YW it is a neck band,
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possibly a less important constituent. The cheek
line (CL) is part of the nose of the OW or cheek
of the YW. The E/EC complex, however, is a very
meaningfulconglomerate element which is important
to both aspects, constituting either the old
woman's eye or the young woman's ear.

The problem with an interpretation of this
kind is fourfold. Firstly the arbitrary definition
of two elements as being of importance and the
other two being of less importance. Secondly, and
related to the first, is the assumption that
whereas 'an eye' (YE element) is of importance for
one aspect a similar element, E/EC when construed
as an eye, is not equivalently predicted to be
important for perception of the old woman. A
third problem is that it is simplistic in
emphasising foveal vision only.

A fourth problem is that the data does not
fully support such an explanation. Fixation near
the YE element does produce solely YW responses.
However, fixation at position 35 produces a very
similar proportion of YW responses . Fixation
near the mouth does produce more OW responses, but
does not produce the most extreme OW response.
Position 11 elicits this, where none of the
elements selected are foveally viewed. Fixation
positions near the CL or E/EC elements produce a
proportion of both OW and YW responses in a

manner as would be predicted by such an explanation.



An alternative explanation for the effect of
altering fixation location could be proposed which
would emphasise the role of particular circumscribed
pictorial areas (i.e. Gestalten) with which certain
elements may be associated,

Thus, the facial area A,B,C,D,E in Figure 3. 10(a).
constitutes the face of the old woman aspect with
the four elements being particular component
facial features. 1In contrast the young woman may
well be represented by a smaller facial area such
as that bounded by the cheekline (area A,B,E in
Figure 3.10(b)) or bounded by the mouth element
itself (Figure 3.10(c})). As such the mouth and
cheekline would function not as elements but as
part of the outline. Closure has been reported in
stabilised images and this could occur with the
cheekline to form a line BE, although it was not
reported after the present experiment by any S.

If it was the case that the YW aspect was
then represented by a smaller figural area than
that of the OW this may be a reason why Boring's
ambiguous figure is predominantly reported as
representing YW. That is the smaller figural area
is being reported as being dominant, a finding in
agreement with that of Rubin (1915); discussed in
section 2.2.1). If this was so then responses to
the stimulus with one or both of these two

elements (M and CL) absent and fixation in the
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upper part of the figure would be predicted to be
more OW than obtained when such elements were
present. Fixation lower in the picture, which
produces more OW responses and which are
hypothesised to be based upon interpretating the
M element as the mouth of the old woman, would be
more difficult to predict.

By this latter explanation the effect of
altering fixation position would be that the
particular Gestalten involved would be largely
determined by where the S is fixating.

The present experiment does not provide
enough information to choose between these
alternative explanations. In the next experiment
the effects of removing the M and CL elements was

investigated in order to test between these two

possible gccounts.

3.7. EXPERIMENT 2.

3.7.1. Introduction

The previous experiment demonstrated that
altering the fixation location prior to painting
the afterimage of the ambiguous outline stimulus
did affect the proportion of YW or OW responses
obtained. A possible explanation for this
involving selective visual attention and area of

stimulus fixated was proposed which involved
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interpretation of the four pictorial elements.
The effect of the presence of absence of one of
these elements (YE) at two fixation positions
was determined. An alternative explanation
emphasised the possible role played by the M and
CL elements as boundaries of a Gestalt.

The present experiment set out to study the
effect of presence or absence of the mouth (M) and
cheek (CL) elements. 1t was, therefore, a test
between these two hypotheses. Two of the previous
fixation positions were used, these being
positions 2 and 7. Position 2 is located near the
two elements YE and E/EC while position 7 is
located between the M and CL elements, being nearer
the former.

According to the first proposed explanation,
the main determinant of the response was due to
the element more nearly in foveal vision, then no
effect of altering the two elements M and CL
should be found for position 2 while for position
7 some effect should occur. It was hypothesised
that the M element was a main determinant of OW
perception and thus absence of this element should
lead to an increase in YW responses for this
latter fixation position. The cheek element (CL)
was proposed not to have such an effect on
determining the response and so the presence or

absence of this element should not affect the
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proportion of young or old woman responses at the
lower fixation position.

Fixation location itself was predicted to
affect perception of the ambiguous figure in
that more YW responses were predicted to occur
for position 2 than for position 7.

An alternative explanation for the results of
the previous experiment was also proposed
involving the YW aspect being represented by a
smaller Gestalt than the OW aspect. The CL and
M elements were proposed in such an instance to
function not as elements but merely as part of
the outline. Thus, in the absence of these
elements a greater proportion of OW responses
should be obtained when fixating in the upper
part of the figure, i.e.in the absence of the
elements that produce the necessary Gestalt area

representing the YW aspect then the OW response
should be found more often. With fixation in the
lower part of the picture the M and CL elements
are part of the overall OW face and so their
absence may increase YW responses.

In Chapter 2 arguments were proposed for the
choice of an ambiguous rather than a reversible
perspective figure in this research. The second
part of the present experiment involved a Necker
cube using the same afterimage technique. Having

demonstrated that different fixation positions
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affect the response obtained to an ambiguous
figure then this effect should possibly also
generalise to a reversible perspective figure.

The decision to use an ambiguous figure was
partly determined by the response problems with
such figures (i.e. possibility of multiple
aspects being reported and not just the two
alternative aspects). 1t was hypothesised that
altering the fixation location on this figure
should affect whether the Necker cube was perceived
to be in the 'near face down' or the 'near face up'
version. Although this is reported separately it
was carried out using the same Ss after they had
performed the experiment with the ambiguous
figure.

3.7.2. Part 1, The Ambiguous Figure

3.7.3. Subjects

Twenty first year undergraduate psychology
students served as Ss. 10 male and 10 female.

3.7.4. Stimuli

Two stimuli were constructed in a similar
manner to stimuli AL and AR in the first experiment
except that the M and CL elements were absent.
These two elements were carefully cut out of black
card, They could be attached to the stimuli so as
to produce the four stimuli (A,B,C,and D) shown in
Figure 3. 11 which could be presented as facing

either left or right.
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L~
A B
M and CL absent M absent
s

!

»
&

C D

CL absent M and CL present

Figure 3.11 The 4 stimuli with the 2 elements

( M and CL ) present or absent.
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Each card contained two fixation positions
equivalent to positions 2 and 7 in the previous
experiment. Also stimuli 81,82, and S3 were again used.

3.7.5. Apparatus

The viewing box was redesigned. It was
constructed from plywood and painted matt black
both inside and out. An adjustable chin-rest
mounted on a small optical bench at right angles
to the S was positioned before the box. Rubber
goggles were mounted in the front face of the box
and these together with the chin-rest provided afairly
rigid head restraint. An aluminium occluder,
painted matt black, could be slid across behind
the goggles to obliterate the S's vision. In
addition, two separate occluders were used to
independently cut off either of the S's eyes.

The flashgun, stimulus holder and the rest of the
apparatus was the same as in Experiment 1. The
front of the box with associated goggles and chin
rest is shown in Figure 5. 7 . (The other equipment
shown in this Figure were later modifications.)

3.7.6. Procedure

The procedure closely followed that of the
previous experiment. After adjusting the chin rest
so that S's eyes were level with the centre of the
stimulus holder, eye dominance was established and
the non-preferred eye-piece of the mask occluded.
The flashgun button was pointed out and then the

room lights were turned off to allow S to dark
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adapt. The following instructions were then given:

"In a few minutes you will be able

to see a small green luminous spot

in front of you. I want you to

fixate the spot and then press the

button, this will cause the flashgun

to discharge and you will see a

brilliant flash. After the flashgun

has discharged I want you to close

your eyes lightly and then tell me

what you see."

After the S had dark adapted (5-10 mins.) he was
then sequentially presented with the three
familiarisation stimuli being instructed to ignore
colour changes and to verbally report '"what it was
a picture of" when the positive afterimage could
be perceived. The phenomenon of fragmentation was
pointed out to the Ss during these presentations:

"You will find that the lines of the

picture fade and reappear, sometimes

you may not be able to notice them,

this is called fragmentation."

In a similar fashion S was then presented with
one of the versions of Boring's figure (stimulus D
facing left or right) using the central fixation
position X.

The room lights were then turned on and the
photograph of Boring's figure presented. The S
was asked if he had seen it before and to describe
what the photograph represented. If initially
unable to perceive both aspects then the experimenter
verbally aided S to attain this ability. When able

to alternate between both aspects then stimuli AL

and AR from Experiment ! were simultaneously shown
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some distance away. The subject was told:
"Here are some old drawings I have
of this picture. Can you see both
the young and old woman in these?
I want you to look at these cards
for a few minutes and practice being
able to see both aspects in them.
0.K."

After 2-3 minutes the room lights were
turned off again and S allowed to dark adapt. Two
presentations of the full figure using fixation
position X were then given with the S being
instructed to report if he could perceive both
the young and old woman in the positive afterimage.
Half the Ss first receiving stimulus D facing
right and then on the second occasion facing left.
This order was reversed for the other half of the
Ss.

The S was then instructed that he would receive
a series of stimuli similar to the ones he had just
seen and that he had to report whether it was a
picture of the young or old woman as soon as he
could clearly see the positive afterimage.

Eight presentations were then given using
fixation positions 2 and 7 for each of the 4
stimulus conditions; each S receiving one
presentation of each stimulus condition at each
fixation position. Presentation order was
randomised and the stimulus conditions were
randomised across both left and right facing

versions so that each S received four presentations
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for each direction. The technique of presenting
these conditions to the S was such that the
stimuli were mounted in the stimulus holder so
that the fixation spot was always at the same
position on the stimulus holder (its centre) and
thus directly at S's eye level. This was to prevent
the S being able to predict the appearance of the
afterimage simply from the spatial position of the
fixation spot. This was not considered a problem
in the previous experiment as each S received 15
different positions and not, as here, 2 positions
for 4 occasions each. The responses were timed from the flash.
All responses made by S during the experiment
were met with a non-committal "O.K." from the
experimenter.
3.7.7. Results

First presentation., After the familiarisation

stimuli when the line drawing of Boring's ambiguous
figure was presented as an afterimage all the Ss
recoghised it as a woman's face. Responses were
interpreted as young or old woman in the same way
as in the previous experiment. YW was reported by
13 Ss and OW by 7 Ss.

Photograph and line drawings. All Ss readily

perceived both aspects in the photograph of Boring's
figure and when subsequently shown the line
drawings in the free viewing situation. Some of

the Ss had seen the ambiguous figure previously.
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Afterimages. When then presented with the

stimulus so that it was perceived as an afterimage
then all Ss reported the ability to alternate
between both aspects using fixation position X.

No alternation was reported in the subsequent
experimental conditions.

The individual responses to the fixation
positions are shown in Table A.2 (Appendix A).

No S responded YW or OW to all the experimental
conditions, although 2 Ss gave only one OW

response each. This was despite them being able

to perceive both aspects when shown the stimuli

in the free viewing situation as well as being

able to alternate on the afterimage when instructed
to do so.

Figure 3.12 is a histogram showing the total
number of YW responses to the stimulus conditions
at both fixation positions. When these are
considered in ascending order of number of YW
responses then with one exception fixation
position 2 produced more YW responses than did
the alternate fixation position.

The individual data can be grouped together
into appropriate matched pairs of stimuli to
examine the effects of both fixation location and
elements such that the difference between one pair
and another is the presence or absence of one

particular element at each fixation position. For
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instance, stimuli pairs A-B and C-D illustrate
the absence or presence of the cheekline element
which can be considered at either of the fixation
locations. The dichotomous response of YW or OW
was scored as 1 or 0O respectively. Presence of
the M element significantly increased the number
of OW responses (Wilcoxon matched-pairs signed-
rank test: T = 10 for N = 12 Ss, p< .02 at
position 2; T = 18.5 for N = 14, p< .05 for
position 7; all probabilities are 2 tailed).
Presence or absence of the CL elementwas not
significant at either position (T = 11 for N = 10
at position 2; T = 22 for N = 11 at position 7,
p~> .05 in both cases) . Only at position 2 did its
presence increase the number of YW responses.

Applying the same analysis to the effect of
fixation position, where the fixation positions are
compared across all the stimulus conditions,
yields a significant difference (T = 9 for N = 18,
p< .01). Fixation at position 2 increasing the
number of YW responses. Figure 3.13 shows these results.

All Ss responses were timed from the
discharge of the flashgun to the initial
verbalisation of the reported percept to check
that the response did not immediately follow the
flashgun discharge.

The disadvantage of the Wilcoxon test is

that possible interactions can not be investigated.
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The binary data (YW = 1, OW = 0) forms a binomial
distribution which is not suitable for treatment
by Analysis of Variance. However it can be
analysed as a quantal response model using GLIM
(Baker and Nelder, 1978) in which interactions
can be studied. This is a statistical program
package for generalised linear models. The raw
data was first transformed using the logit
transformation (Cox, 1970).

The method of using this analysis involves
first fitting a null model (this is a simple
model, typically not fully accounting for the
data) and then successively adding parameters
(here there are three parameters, two pictorial
elements and fixation position) and the
interactions between each parameter. As each
parameter is fitted the statistic called the scaled
deviance and its degrees of freedom are
estimated. The effect of adding a parameter is
given by the difference in the scaled deviance
having added it to that existing beforehand. This
difference with the corresponding difference in
degrees of freedom is distributed as x2 which gives
an estimate of the usefulness of this parameter to
the model.

Table 3.2 showsthe effect on the scaled

deviance produced by each additive parameter together:
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with its corresponding degrees of {reedom and
)f2value. Significant effects were obtained for
the fixation position and for the mouth (p< 0.001).
None of the interaction effects were significant.

To provide a final model only the
significant parameters of position and mouth were
refitted (Table 3.3 ). When this was done the
scaled deviance remaining after fitting the final
model gave an indication of the adequacy of the
fit of this model. The difference in scaled
deviance between the initial null fit and this can
be expressed as a percentage. In this way the model
explains 79.4% of the data. The remaining scaled
deviance can also be used to estimate the
contribution to the data of using each S in all the
conditions which may invalidate the use of X 2 .
In this way)(z was taken as 9.3 with 19 d.f. (for 20Ss,p>.95)
which was not significant and sok:z use was
not invalidated.

Comparison with Experiment 1 results. Stimulus

D is the same as the stimulus used in Experiment 1.
The proportion of young or old woman responses at
the two fixation positions used in the present
experiment can be directly compared with the
proportions for the same positions in the previous
experiment. Fixation at position 2 produced 14 YW
and 6 OW responses compared to 16 YW and 4 OW

2
responses in the previous experiment (}: = 0.13, N.S,)
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CHAPTER 7

CONCLUSIONS
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