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ABSTRACT

The illusion of apparent oscillation produced by a rotating trapezoidal

object (generally known as Ames' window illusion) was investigated.

Previous explanations of this phenomenon were reviewed, and found to be

inadequate to relate all the different parameters of the illusion.

The trapezoidal stimulus was analysed in terms of the three main types

of visual information that it provides: the speed of rotation; the

surface pattern; and the continuous perspective transformation, projected

onto the frontal plane. This transformation was considered in some

detail, and it was found that it could be summarised by considering the

elliptical loci produced by projection of the corner points of the

trapezoid as it rotated. A computer program was produced to plot these

loci for any particular trapezoid.

Hypotheses were proposed concerning the relative importance of these

three main types of visual information. These were tested in @ series

of six experiments.

The results obtained in this study, and the published results of similar

studies by others, were considered in detail. The data was analysed in

terms of the different types of information investigated.

In general, the results supported the proposed hypotheses. Speed of

rotation wes found to have a significant effect on the type of motion

(rotation or oscillation) seen; there was found to be a fundamental

change in the nature of the illusion with speeds greater than 30 rpm.

Surface pattern, however, was found to be relatively unimportant.

But the most significant finding wes that consideration of the

projected transformation of the shapes used enabled the type of motion

seen to be accurately predicted, by following a simple set of rules.

This was found not only for the experiments reported here, but also for

the published results of similar studies by others.
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SECTION 1

INTRODUCTION

The illusion investigated in this study is generally known as Ames!

rotating trapezoidal window (Ames, 1951). In its most common form,

it consists of a trapezoid of sheet metal, with holes cut-out to

resemble window panes and shadows painted to give the appearance of

thickness (see Fig.1.1).

Pigs 1.1

Trapezoidel Window

(After Ames, 1951)

The trapezoid is mounted upon a central vertical axis and slowly

rotated at a constant speed. But it is not seen to rotate; instead,

it appears to oscillate with the longer vertical side always

apparently in front of the shorter side.

The illusion is a particularly strong and compelling one, and produces

the same effect with practically all observers. Even those who are

fully aware of the true shape of the window, and of the nature of its

movement, continue to perceive apparent oscillation instead of veridical

rotation.



Despite the almost cursory treatment of visual illusions in many texts

on the psychology of vision, and their dismissal as ‘errors of judgment!

or 'mistaken interpretations', research has continued almost unabated

since the great upsurge of interest in "geometrisch-optische Téuschung"

(Oppel, 1855) towards the end of the nineteenth century.

The fact that illusions can occur in practically every aspect of visual

activity has long been recognised, and is reflected in the variety of

theories that have been proposed to explain them. Most of these theories

have concentrated on the geometrical-optical illusions, and many have

offered explanations for only one particular figure. For example, Boring

(1942) summarises twelve different theories which appeared between 1889

and 1902 to explain the well-known ‘arrow! illusion (Muller-Lyer, 1889),

many of which add little to a mere description of the illusion.

Some explanations have stressed physiological factors at either retinal

or cortical level; others have attributed illusions to errors in

information sampling, while a third group has emphasised aspects of

perceptual learning and perspective, such as phenomenal depth, in

accounting for illusory perception.

Useful summaries of the main categories of explanations of visual

illusions are to be found in Boring (1942), Woodworth and Schlosberg

(1954) and Over (1968). A much more thorough treatment is provided

by Robinson (1972).

Many of these theories have tried to explain all illusions by the same

mechanism. This is unlikely to be possible, since illusions have been

found to occur in so many different areas of perception. But just

because of this generality of occurrence, illusions can provide very

valuable research tools for investigating many aspects of perception.

We cannot begin to understand the visual system until we can understand

its limitations, and why it breaks down in certain circumstances.

But what is that visual system ?

It may be considered as an information - processing, decision - making

mechanism which relates incoming information provided by the current

visual scene (or stimulus) to stored information derived from previous

stimuli. :

The general nature of the perceptual system as an information -

processor is considered in Section 2, to provide a basis for the

analysis and discussion of the illusion considered in this study.
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Gregory (1968) has summarised sticcintly the essential problem in

perception: how do the momentary patterns of light reaching the

retina of the eye convey knowledge of external objects ? It has been

suggested that the brain can most efficiently do this by means of

stored models (Gregory, 1968, 1970, against which current information

may be assessed and future trends predicted.

Although such a 'look-up' system has many advantages over a purely

'stimulus-response! system, it also has several disadvantages. For

example, if the incoming data is ambiguous, or contains very little

information, an incorrect perceptual model or mechanism may be called

up, and an illusory situation may result.

Attempts at classification of illusions are usually unsuccessful -

mainly because many of them fall into more than one category, and

many offer very subtle differences in effect. But one characteristic

which many of the geometric - optical illusions have in common is

that they provide the visual system with very little information,

since most of them consist of just a few simple lines.

It might appear, superficially, that the less information contained

in a display, the more certain should be the interpretation, in that

there is little to cause confusion. But the evidence provided by

these simple line figures indicates that the opposite is in fact true,

for with a minimal amount of information, a variety of different

hypotheses may fit the incoming data, and the wrong one may well be

chosen. As the amount of information increases, the number of possible

hypotheses decreases, until only one interpretation is usually possible.

Our normal visual world is so rich in constantly - changing information

that illusions rarely occur.

The Ames trapezoidal window illusion is different from many other

visual illusions in one important respect. It provides a constantly -

changing stimulus that is rich in information, and as such is more

like a 'normal' visual scene.

Why, then, is the perceptual system persistently fooled by it ?

Several different explanations have been proposed in the past, and

these are considered in Section 3. It is found that none of these

theories are satisfactory to explain the many different parameters

involved in this illusion.
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The various different sources of information contained in the

trapezoidal window are analysed in Section 4, and are compared with

possible sources of stored information (internal models, to use

Gregory's term).

It is suggested that the most potent source of information is the

continuous perspective transformation of the window as it rotates.

This information is considered in some detail, and it is shown that

the transformation can be summarised by considering the loci of the

corner points of the trapezoid as it rotates. A computer program TROT

is described, which will plot these loci for any (specified) trapezoidal

shape as viewed from any (specified) distance. Consideration of these

graphs enables the type of motion seen (rotation or oscillation) to be

predicted, by following a simple set of rules.

The effect of speed of rotation and surface pattern are also considered

in Section 4, and three simple hypotheses are proposed concerning the

relative significance of these three main sources of information.

A series of six separate, but inter-related, experiments was designed

to test these hypotheses. The general design and methodology are

described in Section 5. Details of each experiment, and the results

obtained are given in the following Section.

The results of this study are discussed in detail, and compared with

the published data obtained by other workers, in Section 7. Various

factors that could not be investigated in this study are also

considered.

Predictions of the type of motion seen (from TROT) were made for all

the shapes used both in this study and in all the similar studies by

others. It is found that these predictions agree well with the results

obtained.

General conclusions from this study of Ames rotating trapezoidal window

illusion are drawn in Section 8, and the status of the proposed

hypotheses is evaluated.



SECTION 2

VISUAL MECHANISMS

A brief survey of some current concepts of the way in which incoming

information is processed by the visual system provides the necessary

basis for this study. The advantages to be derived from analysing

the perceptual system in information - processing terms has been

eloquently expressed by Haber (1969, particularly pp.2-5) and

Broadbent (1965), among others.

The essential problem in perception, as Gregory (1968) has neatly

summarised it, is how the fleeting patterns of light reaching the

retina can convey knowledge of, or provide information about,

external objects. It has been suggested that this can most efficiently

be done by means of stored 'schemata' (Bartlett, 1932), 'templates!

(Welford, 1970) or ‘internal models'(Craik, 1943; Gregory, 1968, 1970),

against which current information may be assessed and future trends

predicted.

This is an attractive idea, and one that has been developed in some

detail (particularly by Gregory - see, for example: 1970, 1971, 1974).

Such a 'look-up' system has several advantages over a purely 'stimulus-

response' system:

(1) ait is essentially predictive, and can have zero reaction-time

delay in suitable circumstances.

(2) it can achieve high performance with a limited rate of information

transmission

(3) it can continue to function through data gaps

(4) it can infer to non-sensed features of object situations

(5) it can 'respond' to absence of features or objects

(6) it can continue to function when the input changes in kind

(7) it can extract signals from ‘noise'; if the internal models are

highly redundant, they can be called up with minimal sensory

information. 4
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(8) Provided a particular situation is similar to the situation for

which a 'model' was developed, behaviour will generally be

appropriate.

But a 'look-up' system also has some disadvantages.

When the current situation is sufficiently similar to past situations

which have been selected and combined to give an internal model, but

the current situation differs in crucial respects, then the system will

be systematically misled by its model; an illusory situation may then

result.

These perceptual models, derived from past experience, must presumably

integrate information from all the senses about typical characteristics

of classes of objects. For example, stored data about objects

categorised as "tables" must relate information from the visual sense

(tables are typically brown, with wood-grain texture, and rectangular)

with information from the touch sense (relating also to rectangularity,

and to hardness) and from the other senses (tables usually do not

squeak, or make any other sounds - nor do they smell).

No suggestions have yet been made as to how the perceptual system is

able to integrate these various types of information, and store and

re-call them for future use.

We do not know what sort of object characteristics are utilsed to

re-call a stored model, nor have we any idea of the complexity of

such models. For instance, is there one model that stores ‘rectangular!

information, another for ‘brown, wood-grain' information, and a third

that integrates these two to give 'table' - which must be 'hard! ?

But the concept of perceptual models, although in themselves complex,

tends in some ways to over simplify the situation. This can perhaps

best be illustrated by considering the perception of a simple, static,

visual scene - an apple lying on a table.

The incoming sensory information is provided by the retinal image - a

distorted, aberrated pattern of coloured light on the retina, which

provides a mosaic of more or less stimulated points.

But far more data is provided by that retinal mosaic than can be handled

-6-



by the visual system and can be perceived, so that key features must be

selected, integrated and organised into the percept of two objects -

an apple and a table.

Some of the ways in which such features may be selected have been

indicated by recent work that has demonstrated the existance of

physiological coding mechanisms at both retinal and cortical levels

(eg. Hubel, 1963; Weisstein, 1969; Kuffler, 1973).

The selection of information must also be a function of attention, for

typically more attention is paid to some data, whilst the rest are

relegated to a 'background' which is largely ignored, and commonly

cannot be reported in much detail (Welford, 1970; Broadbent, 1958).

The table in our example, then, may be recognised as 'a table', but

details of its colour, surface-texture, etc may not be noticed.

But the apple, the main object of attention, is not interpreted only as

a@ cold, impersonal green sphere, suspended in time. Rather it is seen

"in the light of past experience" of apples, and in relation to the

present state of being. It is seen as something which has texture,

taste, smell, which we may or may not like to eat; and that is

dependent upon whether we like apples, whether this one looks inviting,

and whether we are hungry. These non-optical aspects will be interpreted

differently by different observers, depending upon their particular past

experience and present state; but it is these non-optical aspects of

visual perception which are in many ways the most significant.

The incoming sensory data - the momentary, two-dimensional aberrated

patterns of light imaged on the retina - is in itself trivial. It

only achieves significance when it can be interpreted in terms of

real, three-dimensional objects. For it is objects that are

biologically important - we spend our lives identifying them,

classifying them, using them, reacting to them.

So visual perception must, then, involve even more than interpretation,

for having interpreted the stimulus, some response must be made (even

if it is the negative response of 'doing nothing'). For that response

to be appropriate, the perceptual system must be able to predict events

in the immediate future, not only anticipating the simultaneous change

in sensory input, but also allowing for the finite time taken to process

and react to the original sensory information. An appropriate strategy

ies



for action may then be determined.

These essential stages in the process known as visual perception may be

represented diagrammatically by a flow-chart such as Fig.2.1. From

such a simplified model it is possible to summarise visual perception

as: the prediction of events in the immediate future, based on the

interpretation of retinal images from the immediate past, enabling the

strategy of our actions to be determined.

This model is deliberately naive in its over-simplification; but it can

be expanded, complicated and made more precise by analysing each stage

of the process in turn. The detailed models produced by other workers

on specific parts of the system can be incorporated, for example, the

model derived by Sperling (1967) on immediate memory, or the information-

flow diagram of Broadbent (1958) derived from studies of hearing, could

be included.

So far we have been concerned only with the interpretation of a static

scene. But most visual scenes are not static, but continuously changing.

Indeed if the scene becomes static (by stabilising the retinal image)

the percept quickly fades (Pritchard, 1958).

The changing relationship between successive ‘static! scenes (which may

be considered as the intervals between saccads (Sperling, 1963)) provides

further vital information for the interpretation of incoming sensory

data,

Since the Ames trapezoid illusion considered in this study is a moving

one, we will look at movement perception in more detail.

It has been suggested by Gibson (1957) and by Gibson & Gibson (1957)

that the relationship between successive visual scenes provides one of

the most fundamental sources of visual information available to us.

As an object moves relative to an observer (ie. either object stationary

and observer moving or vice versa) the retinal image of that object is

transformed in a particular precise way for a certain kind of relative

movement, The type of transformation is determined solely by the

geometry of the scene, and is regular, systematic and repeateble for

any particular type of relative movement.

-$8-.



Fig. 2.1
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Gibson summarises succintly the “geometry of projective transformations,

and the distinction between polar and parallel projections:

“Continuous perspective transformations: In
geometry, any form or pattern on one plane which is
@ projection of a form or pattern lying on some

other plane is called a perspective transformation.
These forms are static. When the point of projection
(the focus of the sheaf of lines which connect the
pair of forms, point for point) is near the two planes,
we speak of a central or polar projection; when this

point of projection is at a very great distance from
the planes, we speak of a parallel projection.......
When the two planes are parallel the difference
between the projected form and the given form is one
of size only; it is called a similarity transformation,
When the two planes are not parallel, the difference
between the forms is that to which common meaning
applies the term "perspective," or sometimes the term
"foreshortening." In geometry, both the difference of
size and that of shape are classed as perspective
transformations.

We can now speak of motion. When the angle or
the distance of the first plane relative to the second
plane is altered, the projected form is correspondingly
altered. The fact is that the relation between any
earlier and any later projected form is elso a
perspective transformation. The relation holds between
any two of its stages in times. Hence, the motion in
question may be described as a continuous series of
perspective transformation. It is a relation between a
temporal series or family of static forms, not merely
between two forms. Any such moving transformation can
be analyzed by six parameters corresponding to the six
components of the possible movements of the first plane -
that is, three of translation and three of rotation."

(from Gibson, 1957, p289,290)

Hay (1966) has extended Gibson's analysis, and has defined eight

parameters (rather than Gibson's six) which would define any rigid

motion in depth. The eight parameters can be divided into four types,

each applying to both horizontal and vertical dimensions of the image.

These are image translation, stretching, shearing and foreshortening;

they are illustrated in Fig.2.2.

Hay used matrix algebra to determine these transformations in general

terms, for any moving object of constant size and shape.
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Fig. 2.2

(After Hay, 1966) Horizontal Parameters of Projective Transformation
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The concept of continuous perspective transformations as a source of

information for movement perception has obtained fairly wide acceptance

(see, for example, Haber 1973).

It must be closely related to the phenomena of shape and size constancy,

which have long been recognised.

In fact, projective transformations may be considered as an extension of

them, for if these constancies provide us with stable percepts of static

objects in space, then projective transformations provide us with stable

percepts of moving objects in space - ie. they provide information both

about the object, and about its movement.

In studying brain function we can analyse a particular scene in many

different ways, and so find different types of information that may be

utilised by the visual system.

Any visual scene contains a wide variety of sources of information; the

perceptual system may use any or all of this information in viewing the

scene; we can only postulate which types of information might be used.

It is unlikely that "bits" of information (in the information - theory

sense) are utilised. But internal models may be of many kinds : they

may store data about horizontal, vertical or angular transformations,

eles



or about colour, size or shape changes - or they may integrate these

different sources into a continuous perspective transformation that in

turn provides information about relative motion in depth.

In order to study brain function, then, we can consider these different

types of information in turn, vary them systematically, and note the

effect on the resulting percept. We might then be able to suggest

which types of information are actually utilised by the perceptual system.



SECTION 3

THE ROTATING TRAPEZOID ILLUSION

The illusion investigated in this study is named efter its originator,

Adelbert Ames Jr., who devised it about 30 years ago as one of a series

of demonstrations designed to illustrate the transactionalist approach

to visual perception.

The illusion of apparent oscillation produced by a rotating trapezoid

is a particularly compelling one, and produces consistant effects with

a@ wide variety of observers. It is unlike many other visual illusions

in that it provides a complex, constantly - changing stimulus which jis

rich in visual information - and yet the perceptual system is persistently

fooled by it.

This study was designed to investigate the reasons for this.

DESCRIPTION OF PHENOMENON:

The construction and appearance of the illusion have been adequately

- reported by Ittelson (1952), but it is necessary here to describe

briefly the appearance ofthe 'window' as it rotates, for the benefit

of those unfamiliar with the phenomenon.

A trapezoid of sheet metal, with holes cut out to resemble window -

panes, and shadows painted to give the appearance of thickness (see

Fig.3.1) is mounted on a vertical shaft and driven by an electric

motor so that it slowly rotates at a constant speed. As the trapezoid

rotates, it appears to oscillate and change in size with the longer

vertical side always apparently in front of the shorter side. When

various objects are attached to the window they may appear to become

detached or may be strangely contorted. For example, when a tube is

suspended through one of the openings, part of the time the tube and

the apparently rectangular window are perceived as moving in opposite

directions. Whey they 'meet', several different effects may be seen.

Set see
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Fig. 3.1

AMES' TRAPEZOIDAL WINDOW

|

(This is a view of the
trapezoid perpendicular

to the line of sight) |

(After Ames, 1951) ln Axis of
| Rotation

The most commonly reported are that the tube either "bends around" or

else "cuts through" the apparent rectangle. When a cube is attached to

the shorter end of the trapezoid, it is seen as travelling in a

circular path about the apparently oscillating rectangle, so that

during part of its movement the cube "breaks away" and seems to float

freely in space.

Ames (1951) constructed various shapes and sizes of window, with

differing numbers of 'window panes', and concluded that the "most

effective in producing alteration of the observer's perception" was

the shape illustrated in Fig.3.1, with painted shadows indicating

thickness, although no quantitative evidence was offered to support

his conclusion (Ames, 1951, p28).

The trapezoid described by Ittelson (1952, and 1968), however, was

somewhat different from this (Fig.3.2), and since this was available

in kit form many subsequent investigators of the phenomenon have used

this latter trapezoid as the basis for their experiments.

For the data obtained in this investigation to be comparable with the

=die=
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data obtained by others, it would seem reasonable that the stimulus

shapes should be comparable. The basic stimulus shape used was therefore

chosen to be the same as that shown in Fig.3.2 (but see p 88 for further

details).

CHOICE OF DIMENSIONS:

The dimensions of Ames' original trapezoid and the viewing distances

used were given in inches and feet. Again, since most investigators

have used these dimensions, and since they are represented conveniently

by whole numbers, this will be continued here for ease of comparison.

The metric equivalents are given when this is helpful.

The rest of this Section will review briefly the various explanations

and theories that have been proposed to explain the Ames rotating

trapezoid illusion, and will then summarise the main factors thought

to contribute to the illusion, that have been investigated by others.
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PREVIOUS EXPLANATIONS

The first detailed description of the trapezoidal window illusion was

by Ames (1951), although it is a typical example of a much larger

class of illusions in which rotary motion is misperceived as

oscillation.

Possibly the first example of such an illusion was reported in 1759

by Porterfield (Boring, 1942) as the windmill illusion, later reiterated

by Miles (1929). A similar effect with the rotating blades of an

electric fan was described by Kenyon (1898), and more recent work has

investigated the effect with circles, ellipses, rectangles and

irregular shapes (e.g. Pastore, 1952; Mulholland, 19634 Cross & Cross,

1969). The explanations reviewed here will concentrate on the rotating

trapezoid illusion, since the most detailed work has been concerned

with this phenomenon.

Ames (1951) attempted to account for the appearence of the rotating

trapezoidal window by comparing its image on a ground glass screen

representing the retina, with the image of a rotating rectangle. He

concluded that:

",... there is no possibility of accounting

for these appearances in causal terms of

interactional effects between the objective

phenomena and subjective appearances...eeeo

the most reasonable answer lay in bringing

into consideration the past experience of the

observer...."

(Ames, 1951, p.13, 14)

The explanation put forward by Ames was based on the fact that the

retinal image of a rectangular object (such as a door, window, etc)

is almost always trapezoidal. But through experience one learns to

interpret these trapezoidal images as representing rectangles inclined

to the line of sight. Any such trapezoidal form will therefore be

interpreted as rectangular, with its apparently longer edge always

apparently closer to the observer, so that the rotating trapezoid

arty te



appears to be an oscillating rectangle.

Ames' explanation is based, not on geometrical considerations, but on

a detailed description comparing the actual and apparent positions of

both a rotating rectangle and a rotating trapezoid.

Pastore (1952) demonstrated, and Canestrari (1956) and Mulholland

(1956, 1958) confirmed, that apparent oscillation could be produced

with a number of small cut out figures such as a circle, ellipse,

triangle and irregular shapes, besides a trapezoid. The fact that

apparent oscillation could be obtained with these other shapes formed

the basis of Pastore's criticism of Ames! explanation; his misunder-

standing of Ames' explanation has been critically analysed by Kilpatrick

(1953).

But Pastore did propose an alternative explanation, which he did not

develop in detail, but which is very similar to the ideas of several

later writers. He suggested that the illusion was due to two factors:

the (implied) ambiguity of the retinal image ("the movement of points

across the retina"), and the misperception of tilt such that oscillation

occurred when perceived tilt differed from the actual tilt. These

concepts will be considered in more detail shortly.

The apparent oscillation of a rotating trapezoidal window has been

analysed by Graham (1963) in terms of (1) the differential angular

velocities existing between selected points on the surface of the

window, and (2) linear perspective. He attempted to show that the

differential angular velocity cue was ambiguous - that is, it was

independent of whether the window was moving towards or away from the

observer, This source of information could not then, he suggested, be

used to determine the actual direction of motion so that the observer

was forced to rely solely on linear perspective, chcosing to see the

shorter size as always further away.

But Graham's analysis of the differential angular velocity cue as

ambiguous depends upon several assumptions, which seriously limit its

applicability. In a footnote (1963, p.1022) he quotes a formula

relating the angular velocity to the position of the window, the viewing

distance and the points on the window being observed. This formula will

be derived later (p.44), and will be critically analysed then. Suffice

to say here that the analysis (and the formula) holds only for an

infinite viewing distance (ie. for parallel projection) and not for

Shige



polar projections.

Graham emphasises that his explanation, like that of Pastore, states

that the oscillation depends upon stimulus conditions, and is not

to be accounted for in terms of past experience with trapezoids. He

states that the observer

",..-eresolves the ambiguity of movement

parallax cues by depending on perspective

cues. The short end of the window is

always seen as farther from the subject

than the long end; and the ambiguous

parallax cues are interpreted as in harmony

with perspective cues."

(Graham, 1963 p.1022)

But he offers no reason at all why the shorter side of the window

should always be seen as further away. Such a perspective inter-

pretation is surely dependent upon past experience, which is a very .

similar concept to that of Ames.

Critism of Graham's analysis of the differential angular velocity

cue has been made by Macrae and Power (1969). They state, quite

correctly that the cue is not ambiguous unless the object is at

infinity.

But their own analysis goes to the other extreme and considers the

situation where the viewing distance is relatively short compared to

the size of the window; the illusion of apparent oscillation is not

usually found in this situation. Their analysis is, however, correct

for short distances; this will be shown later (p 37).

A "general theory" of apparent reversal of rotary motion in depth was

advanced by Day and Power (1965), based upon the premise that there

is an identity of horizontal retinal motion projections for points on

a rotating object for both clockwise and anticlockwise rotation; if

this is so, then apparent reversals will occur spontaneously, provided

cues to trueorientation or movement are absent, in the same way that

spontaneous fluctuations of apparent orientation may be observed with

two dimensional figures such as the Necker cube and Schroeder staircase.
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Day and Power emphasise that these spontaneous reversals are due to

the ambiguity of 'retinal motion', and depend entirely on chance.

They suggest that if cues to motion direction were available, then

apparent reversals would either be reduced in frequency or eliminated’,

for example, one such cue is that provided by retinal disparity.

Apparent reversals are not reported with binocular viewing unless the

viewing distance is greater than that within which retinal disparity

is normally operative.

Their basic premise, which is very similar to that of Graham (1963),

and leans heavily on his analysis, is subject to the same criticism

as Grahams, “It may be valid for parallel projections (ie. an infinite

viewing distance) but it is not valid for polar projections (unless

the relevant motion perspective cues are beneath their psychophysical

thresholds). The shapes and viewing distance used in their published

experiments (Day and Power 1963, 1965) certainly did not provide

parallel projections; this will be discussed further laten

Power (1965) reiterated the same principle - he summarised his

theoretical position as follows:

".seeethe apparent reversal of rotating shapes

is a function of the equivalence of the retinal
projections for the rotation and oscillation of

the object. That is, the horizontal retinal
projections for the two directions of motion

(clockwise and counter-clockwise) are identical
and thus perceptually embiguous. In the absence

of information for depth, therefore, perception

of motion direction is largely a matter of chance;
an observer may perceive the object as rotating

sometimes clockwise and sometimes counter-clockwise.
The retinal equivalence of the two directions of

rotary motion has been quantitatively analysed by
Graham (1963)"

After Power (1965, p.346)

But Power's later criticism of Graham (Macrae and Power, 1969) must

equally apply to his own analysis. The projections are only identical

(and therefore ambiguous) for parallel projections - not for a finite

viewing distance.

Similar criticism of Day and Power's theory has been made by Hershberger

(1967); he analysed (qualitatively) the transformation of the retinal
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image of a rigid object rotated in depth in terms of the relative

displacements of individual points of the image along two co-ordinates,

one vertical and one horizontal. Herschberger proceeded to show

experimentally that even a one-dimentional display of the horizontal

polar projection of a rotating stimulus object resulted in veridical

perception. Thus Day and Powers "general theory" of apparent reversal

of rotary motion in depth is not as general as they supposed. It

applies only where motion perspective cues as to the direction of

rotation are sub-threshold.

The statistical significance of Hershberger's experimental results has

been challenged by Pitz (1968), in a theoretical note illustrating the

Bayesian method of hypothesis testing. But whether his experimental

results are valid or not, Hershberger's fundamental criticism of Day

and Power's theory still stands.

The explanation advanced by Cook, Mefferd and Wieland (1967) suggested

that apparent motion reversals are & consequence of an automatic, 7

abrupt, apparent reversal of orientation in depth, analagous to a

perspective reversal. They found experimentally that these reversals

(1) are systematic, non-random events and (2) occur quite readily in

the absence of misleading perspective cues or in the presence of valid

depth cues.

Their findings supported the earlier view (Ames, 1951; Pastore, 1952;

Graham, 1963) that apparent orientation determines apparent direction

of rotation; but they were directly counter to the suggestion of Day

and Power (1965), that the reversals were random, spontaneous events.

The hypothesis that monocular "pictorial" depth cues such as aerial

perspective, interposition and texture gradient, determine the apparent

oscillation of a rotating stimulus object has been proposed by

Canestrari and Farne (1969), although accurate quantification of their

observations awaits publication.

The use of interposition and shadow 4s important cues were also suggested

by Cross and Cross (1969); since the shadow patterns painted on the

surface of the trapezoidal window do not reverse during the rotation,

. they provide additional cues to oscillation (see Fig.4.19 p.60 ).

But these can only be secondary (reinforcing) cues, since the illusion

can be shown to be just as strong with planar unpatterned stimulus
= lie



objects (p 103).

A detailed study by Zegers and Murray (1962) was designed to test the

hypothesis that:

",.... the perception of illusion represents

a failure of the visual apparatus to pick

up and convey to consciousness sufficient

information whereby the viewing subject

sees external reality correctly."

(Zegers and Murray, 1962, p.116)

Various parameters were selected for investigation which on an a

priori basis were thought to be susceptible to misinterpretation,

but the overall conclusion of their research was that the perception

of the illusion was due to the failure not of a single cue, but of

many. Wide individual differences, and the restricted number of

observers used, limited the usefulness of their results, but their

basic hypothesis certainly comes closest to that tested in this

investigation.
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SUMMARY

Ames! (1951) explanation that because of previous familiarity with

trapezoidal projections of rectangular shapes, a rectangular model -

must be applied to all such shapes, has often been criticised as

being too specific, in that it is applicable to this particular

situation only, and not applicable to the other demonstrable cases

of misinterpreted rotary motion.

This criticism has led to various hypotheses attempting to relate

the illusion to quantifiable stimulus characteristics, but such

eriticism is-really unjustifiable. Ames' explanation was only

specific since he was referring to a specific stimulus shape; the

principle that past experience may cause an inappropriate model to

be assigned to the stimulus may be applied far more generally.

Several explanations have depended upon the identitiy or ambiguity

of cues provided by the approaching or receding object. If such cues
were truly ambiguous, then oscillation would be found 50% of the time.

It will be seen later (p.193) that this is found with symmetrical

objects at distances where motion perspective cues are subthreshold,

But with objects such as Ames trapezoid, oscillation is a regular,

systematic occurence - certainly not random.

Various explanations have depended essentially on the confusing depth

eves provided by the shapes used. These are really only a logical

extension of Ames' explanation, for if the trapezoidal shape is

interpreted as a rectangle seen in perspective, then the apparently

longer vertical edge must always be closer to the observer - and

this is what causes the shape to be seen in the wrong orientation in

depth.
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The explanations of the rotating trapezoid

illusion reviwed here are inadequate to

relate all the different parameters of the

illusion. The factors that have been

investigated in previous studies of this

phenomenon have included shape, size, and

surface pattern, judgment of slant and

various subjective variables. These studies

will be- discussed in detail in Section 7,

when the published data will be compared .

with the results obtained in this investigation.

They are mentioned here to indicate the variety

of possible approaches to the subject.



SECTION 4

ANALYSIS oF THE TRAPEZOIDAL ILLUSION

The problem posed by the rotating trapezoid is obviously not a simple

one; the studies discussed above have indicated that the illusion is

due to the interaction of several conflicting sources of information,

So the basic problem still remains - what are the essential cues

necessary to produce apparent oscillation instead of veridical rotation

of an object?

In terms of the model of visual perception discussed earlier (p, § )

the interpretation of the direction of motion of a rotating object must

relate the information contained in the present stimulus with stored

models of the apparent transformations undergone by different shapes as

they move in different ways relative to the observer.

The information contained in the present stimulus can be analysed in a

variety of ways; it may be considered in the information theory sense

of 'bits' of information, or it may be considered as a weighted function

of its component parts.

Analysis in terms of bits of information becomes very laborious for a

complex situation such aes this, and is probably less useful, when

comparison with other similar situations is attempted, than the second

possible approach.

The various sources of information contained in the rotating trapezoidal

window may be summarised as follows:

outline shape

outline size

surface pattern

axis of rotation

speed of rotation

viewing distance

monocular/binocular view

The interpretation of these factors (ie. the apparent direction of

rotation seen) will be considered in detail later, but it may be

considered as a probability function incorporating the information

content of the present stimulus, and stored information or past

experience, (relating to previous stimuli).

mob



STORED INFORMATION

The manner in which information derived from past experience with

rotating or oscillating objects may be stored and analysed can only ‘be

considered hypothetically, since there is no experimental evidence to

suggest how this might be done. A mathematical analysis of the basic

parameters involved might indicate a possible approach.

MATHEMATICAL ANALYSIS

Now every static light pattern entering en eye and forming a retinal

Fig. 4.1

Verious line objects

producing the same

retinal image, XY

static pattern could represent the projection of an object from an

infinite number of points (see Fig. 4.1).

But as soon as that object moves relative to the observer, the number

of possible interpretations of the image is considerably reduced,

because the projection of the object can vary only in particular very

limited ways for certain kinds of relative movement. For a known type

of relative movement (eg. either observer stationary and object moving

or vice versa) the variation in the retinal image is completely

determined for an object of constant size and shape.

Or



PROJECTION OF A ROTATING RECTANGLE:

Consider now the projection of a rectangle as it is rotated about a

central vertical axis, with its centre on the same horizontal plene as

the observer's line of sight, the observer remaining stationary.(Fig. 4.2)

y,")

(wy)

a>

Consider the rectangle to have dimensions 2x x 2y, with centre at the

origin 0.

Let the rectangle rotate clockwise through an angle 0 such that the

dimensions of the trapezoid corresponding to the projection of the

new position of the rectangle back to the frontal plane are x," + Xp"

horizontally and 2y,' & 2y,' vertically, as shown in Fig.4.3.

Let the subject S be situated a distance D from 0, and on the same

horizontal plane as 0.
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From Fig.4.4

But tana = x.cos@ (A PHS)

(D-x.sind)

Thus ©

From Fig.4.5

; y! = (D,' + a).tanp

But tang = _y
Dit

1

Thus y' = y," + a) ie

Dy!

From AOPS (horizontal plane)

(1)? = 0? + x? - 2p.x.008 (90-9)

(0, no = p? xc 2D.x.sin@

From AOPP! (horizontal plane)

Ae = x? + xt? -2x.x'.cos@

But x! = D.x.cosd
D = x.sind

Thus ie = x? + px?cos® 6 2x°*p.cos?0
(D-x. sin 6

2 =x.sin@)°=x?(D°-2D.x.sin8 + x“sin’@ yer 2x*Dsin@ .cos? -x°D-c0879

a*(D -x.sin)°=x4sin?9 = 2xDsin' + x°D*sin?@

=x"sin?9 (x? - 2xDsind+ Dp?)
Zz

Thus 2a ex.sinO(x” - 2xDsiné + 0°)"
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From @

tep.t

Me eine
tar Dy

2 2

= (p?-2xDsino + x*)2 + X-sind D2~2xDsine ax? =
(@ - x.sino

=z

(n° -2xDsino + x°)?

= 1+ x.sin6o

(@ - x.sine)

y' = y/D - x.sino + x.sino

xesin@

y' = _D.y

D - x.sind

a0



Thus x! = D.x. cos 9° y' = _D.

D- x. sing D- x. sind

The values of x' and y'! for a rectangle 15" x 10" (x = 7.5") y = 5")

and a viewing distance of 15 feet were calculated at 20° intervals,

and are tabulated below (Table 4.1). Fig. 4.7 shows the projection

of the rectangle for 6 = 0%; 20°, 40°, 60°, 80°, 90°.

Table 4.1

PROJECTION OF A RECTANGLE FOR A DISTANCE OF 15 FEET

Angle 2y,! 2y,! x;! x

0° 10.00" 10.00 750 - 7.50

20 10.14 9.85 7615 = 6.95

40 10.27 9.74 5.90 - 5.59

60 10.37 9.65 3.89 = 3.62

80 10.42 9.61 1.36 - 1.25

90 10.43 9.60 0.00 = 0.00

The most significant feature of Fig.4.7 is that while x! varies from

- 7.5"_»+ 7.5", y' varies very little relative to y - in fact a

maximum percentage difference in the height of the two sides of about

4% compared to about 40% for Ames! trapezoid.

It is interesting to note that there is no actual rectangle for which

Ames' trapezoid could be a possible projection onto the frontal plane,

since substitution of Ames' dimensions in the formulae calculated

above produces an inequality. The dimensions of Ames' trapezoid,

however, were calculated by projection onto a plane oblique to the

line of regard. This is illustrated in Fig.4.8 (after Ames, 1951,

Fig.2).

The reasons for this complicated derivation are not clear.
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Fig. 4.7

Projections of a

Rectangle a
Rotated through 80°,



Fig. 4.8

(From Ames, 1951)

Viewing point

ond center of

projection.

‘
of

Ten tect trom F

from viewing point E, A’B’ represents the Trapezoidal Window which is a projection from E of the

Rectangular Window and its mullions on a plane CD tipped 22° to the line of sight EF.
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PROJECTION OF A ROTATING TRAPEZOID:

Modification of the formulae derived to calculate the projection of

a rotating rectangle can be made to enable the projection of a rotating

trapezoid to be calculated.

Consider the isosceles trapezoid shown in Pig.4.9, symmetrical about

the x-axis and rotating about the y-axis. Then the trapezoid is defined

by the corner points (x5 ¥,) and (x55 Yo)» where Y,>¥o« (When V47V5

the trapezoid becomes a rectangle.)

(xyy,)

cee py)

(x.¥2)

(4 y9')

Fig. 49 Sa
6 sei

Consider the trapezoid to be rotated clockwise through an angle @, and

viewed from a distance D on the same horizontal level as the origin.

Then if (x!, ca) is the projection of (x5 yy)

and (xp', Too) is the projection of (x55 Yo)s it may be shown that:

x! = D-x, cos 8 y,' = DY,

D -x,.sin 8 D- x, -sin 8

| — fr]
x," = D.X,+c0s 8 ¥2' = DY

D +X5-sin 8 D+ Xp+Sin 8

ms hw



PROJECTION OF AN OSCILLATING TRAPEZOID:

Simple manipulation of the data obtained from calculating the projection

of a rotating trapezoid may be made to show the transformations produced

by an oscillating trapezoid, with either the longer end or the shorter

end closer to the observer. For the former, values of 6 from 0° to 180°

only would be considered, and for the latter case values of 6 from

180° to 360° only would be considered.

This analysis has concentrated on the transformations undergone by the

corner points of the rotating or oscillating trapezoid.

But every point (x,y) on the surface of the trapezoid must, obviously,

undergo the same transformation.

However, since the corner points provide the greatest source of

information (in terms of Attneave's analysis (1954)), and since the

co-ordinates of the 4 corner points determine the apparent outline

shape of the trapezoid at any moment in time it seems profitable to

concentrate on their analysis.

It may be useful, therefore, to consider the loci of the corner points

as they rotate or oscillate.
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EQUATION TO THE LOCUS OF THE POINT (xy)

It will be shown that the projection of the locus of any point (x,y)

on the rotating trapezoid is an ellipse; the characteristics of that

ellipse will be examined.

Let the projection of the point (x,y) after rotating through an angle 6

be (x',y').

Then from equations (T.P.), (page 34 ) we hads

x! = Dx cos 0 -@

D-x sin 9

ns Ser Dye -®

@~- sino «= D(y' -
xy!

— 1
% cos0 = x. y

x y'

Squaring and adding gives

DOU Gea )e aye eee oon0

pey!® - ap°y.y! + py? + xt?y2 - x?yt? = 0

xt?y? + y'? (0? - x*) - ep°y.y! ie p*y* = 0

2
xt2y2 4 (n? = x2) [ys - 2? i 2 - py?

(2 - x2 (02 - x2)

mentee

(x? - x)

6 so



Put X= x!

Yey! - Dey

(0* - x*)

Then:

nese x? + (Dee xe)ie y? = 1
D2 x? D2 x? y°

Thus the locus of any point (x, y) on the rotating trapezoid is an

ellipse, and the locus of the particular corner point (xy, Jy) will

be given by:

2 2 2 2 2y2 2(D - x") X, + (D - x") Yy wd

ere 2 ire
Dv x, Dx Yy

2
Where X= x," Yyey'- D ¥y

2 2
(0? ~ x,?)

Characteristics of the ellipse:

1. The ellipse is not symmetrical about the line

yay,

Rather it is symmetrical about the line

yo

ice. yy o WD = 7)

2. The range of values of x as; 3

Yi mx" Vi min ~ 2% 9,
(0 - a)

3. The maximm value of x,‘ is not X,, but rather

My) nec

(0 - x,7)#
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4. When x} is small relative to D,

1

Vera es:

and x, max—> = xX

and the locus of the corner point tends to the straight line

yr¥y-

These points are illustrated by Figs. 4.10 and 4.11, which show the

loci of the projections of a corner point of the same trapezoid for

viewing distances of 3.5 ft and 15.5 ft respectively.

The projection of the advancing corner of the trapezoid is obviously

different from the projection of the receding corner. The advancing

trapezoid produces the upper half of the ellipses, and the receding

trapezoid gives the lower half,

These two halves are only identical when the ellipse becomes a

straight line (i.e. when D = , parallel projection).

But the two halves will become psychophysically equal when the

vertical diameter of the ellipse is sub-threshold (such as shown in

Fig.4.11).
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Fig. 4.10

x, = 7282 y= 6.50

X ==5.43 Yo = 4.50

D = 3.50 ft.

Fig. 4.11

% = 7.82 y, = 6.50

% =-5.43 Mle 4.50

D = 15.50 ft.
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COMPUTER PROGRAMS.

A computer program TRAP was written to calculate the projection of

each of the stimulus shapes used in the following experiments, at

10° intervals as it was rotated about the vertical axis, for viewing

distances of 5, 10, 15, 20 and 25 feet.

TRAP was modified to calculate the projection at 10° intervals for

each of the stimulus shapes used not only in the present series of

experiments, but also those used by previous investigators, for

specified viewing distances. This new program, TROT, then plotted

the locus of the points ("5 y,') and (x5'; Yo") on the graph

plotter, together with the outline of the stimulus shape when

perpendicular to the observer (ie. in the 0° position).

Table 4.2 illustrates a typical example of the print-out from TROT.

The viewing distance and the size of the trapezoid (determined by

(x y) and (x, Yo)) are given at the top of the table, and the

values of (x) yz") and (x,', vo) are tabulated for values of 6

from 0° to 360°. The example showm is for Ames (1951) trapezoid .

The loci of the points Gy, 4) and (x55 Yo) are illustrated by the

graph, Fig. 4.12. These are the smooth curves drawn through the

points (y's yy") and (', ¥p') respectively.

The program TROT is printed in Appendix 1, and will be discussed

further shortlye
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TRAPEZOID PROJECTION

FOR A DISTANCE OF 20.0 FRET

xis 12,50 yi= 11.81 X25 ~7.20 Y2= 6.95

ANGLE KIDASH YiDASH X2DASH Y2nASH
Oo. 42.3000 44,8700 ~7.2000 6.2500
ae iemecet 14.9460 =7.0539 6.2976
20, 19.7646 12,0207 -6,6974 6.1865
30. 16.9323 12.1206 -6.1432 6.1576
40. G 7433 heweigs “5.4142 Oat ste
50. 8.2264 12.2926 4.5241 6.1096
60, - 6.4356 Vas aeo "3.5088 6.0997
Toe 4.6197 12,4075 -2.3950 6.0786
BO. 2.2406 12,4378 “1.2446 6.9796
90. 3.0060 12.4480 06,0060 6.0680

100. “2.2604 12,4378 1.2444 6.9706
410. "4.6197 42.4075 2.3950 6.0786
120. "0.4356 42,3585 3.5088 6.0917
130. "8.2294 12,2926 4.5241 6.1096
140. #97433 Aeeles 5.4112 6.1318
150. 10.9323 42.1206 6.1432 6.4576
160. 11.7644 42,9207 6.6974 6.1865
70% 41.9160 7.0539 6.2176
180, 41.8100 7.2000 6.2500
190. e 141.7058 T1200 6.2827
200, =44.,3591 14.6066 6.8359 6.3448
240. -1, 3860 41,5449 6.3303 6.3452
220, “29,4248 44.4334 5.6240 6.3729230. "7.6076 11,3639 4.7369 6.3970
240, "5.8836 14.3084 3.6960 6.4167
aso. 4.0136 44.2674 2.5340 6.4313
260. = 250333 19.2426 4.2883 6.4403
270. 0.0960 (ieesee -0,00600 6.443%
280. 2.0333 41.2426 =1.2883 6.4493290. 4.0136 41.2676 ~2.5340 6.4313
300, 5.8836 44.3081 "3.6969 6.4167
310, 7.6076 41,5634 4.7369 6.397%
S20e 9.1218 44.4334 75.6249 6.3729
330. 49.3860 47.5149 76.5303 6.3452
340. 14,3594 44.6066 "6.8359 6.3148
350. 12.0063 14.7058 7.1277 6.2627
360. 12.3950 44,8100 “7.2000 6.2500

Table 4.2

PROJECTION OF AMES' (1951)

TRAPEZOID,

CALCULATED BY TROT.



Fige 4.12

PROJECTION OF AMES' (1951) me heen

TRAPEZOID, TRAPEZOID PROJECTION

PLOTTED BY TROT. Min 4eaOy IL 11LeA

X2a7"= 71520 Ves — O20

D= 20.00 FEET



DISCUSSION

This analysis of the mathematical transformation undergone by points on

a rotating (or oscillating) stimulus object provides one example of what

Gibson (1957) has termed "continuous perspective transformation". The

utilisation of such transformations as cues to motion perception was

discussed earlier (p 10 ).

Since just isolated points have been considered, the analysis can apply

to points on any rotating stimulus object - be it rectangle, trapezoid,

circle, ellipse, or any other shape. To find the epparent change in

the shape of any rotating object, the projection key points on the
periphery may be considered

To simplify the analysis, only two dimensional shapes have been considered

here (ieee negligible thickness). But the transformation of three-

dimensional shapes could easily be computed, by considering each plane

in turn.

No suggestion has been made that the brain does actually store information

in this way, but this kind of simplified mathematical analysis provides a

useful basis for further discussion.

The only other study that has considered mathematically factors affecting

the rotating trapezoid illusion was that of Graham (1963); this wes

referred to earlier (p18). It may be useful here to consider in more

detail the comparison between Graham's analysis of the situation, and

that developed here.

Graham (1963) referred to the "differential angular velocity’ existing

between selected points on the surface of a moving object, and attempted

to show that this was ambiguous.



Fig. 4.13

(After Graham, 1963)

Showing a Receding

Window in Quadrant I

Graham considers 2 points Yr, and ry lying on one side of the vertical
axis in the same horizontal plane (see Fig,4,13), These points are

defined, presumably, such that the length or, any and Or, =p (where

To =r, +A r). It is supposed that the eye, distant R from the axis,

fixates these 2 points such that 6 varies with the position of the

window, 6. The points a, and a, are the projections of ry and ry

respectively in the frontal plane.

“It is stated that (for R much greater than ry and Ar) the differential

angular velocity varies in terms of stimulus conditions approximately

in the following way:

F 2 r3d AQ = |rR ar] |(Rsin 8 +r, +1, cos” B) (R +r, sin B) | dp“Ee [ Il ieee 1 a
This relationship was merely stated by Graham, so that before discussing

its limitations jt is necessary to rederive the formula and assess its

assumptions,

It was shown above (Fig.4.9, equations (T.P.)) that;
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x' = Dx cos 0 yi =i DY,
D- x sin 0 D- x sin 6

Transposing this to Graham's notation, we have:

iP

a

R

360 - Bm

Note: The equations (T.P.) were derived by considering the

observer to be fixating the centre of the rotating

trapezoid. Graham's derivation considers the observer

to be fixating the points Tye Vor But the projection

in the frontal plane is independent of the point of

fixation,

Therefore;

a,. 5 r'o = Roh. cos 6
1 1 il @

R+r, sins

and a = ry! = R. To. cos B

R+rp sin 6

= R (r) + Ar) cos B

R+ (r) + Ar) sin ®

But Cee R tan 0

ay = R tan (6 + A 6)

Thus (1) R tano = R. ry. cos g ®

R+r, sing

@- Rtan(e+A0) = R (ry + Ar) cos B
S
e

R+(r} +Ar) sing
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If © is small, such that tan 6 = 6,

subs. ® in ®:

Thus Ao

Ae

R. ry cos 8 + RAB = R (r] + dr) cos 8

R+r, sing R+ (ry + ar) sin B

= (ry) +Ar) cos 8 : - 1] cos B

R + (r) + dr) sin B R+r, sins

(rjcosB + Ar.cosB) (R + rysing) ~ (rycosg) (R + rysing +arsing)

(R + ry) sin B + Arsin B) (R + rysin 8)

Ae = R. Ar. cos B

Re se éRrjsing + Rarsing + r¢sin@s t+ryar sinep

48 R. Ar. cos 8

Ro + 2Rsin B(r, - Ar/2) + ae siné B(1 + Ar/ry)

If ar is very small, Ar/2 = 0 ar/ry #0

Thus Ae=

A0=

Thus dae

dt

das

R.A r. cos 8

RTM + 2R. ry-sing +r sin” B

R.Ar. cos 6

(R + ny sing)

(-R.ar.sing) (Rer, sing)? -2(Rarcosp) (R+rysing) (r,cosB) dg

(R + ry sin 8)* dt

dt

0
dt

E R.ar. J [(R+rysing)(sing) + 2cose (r4cos 8)] dg

(R + rysing ie dt

[- Rar ] [ Rsinse rytrycos”s | [R + rysin]? .
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Thus Graham's formula is correct, assuming that his assumptions ere

valid. But are they ? What ere the limitations caused by these

assumptions ?

The most important assumptions are:

6 = tan6

[not that Ae = ten Ao]

and Ree ry

Graham is therefore considering only very long viewing distances -

ise. practically parallel projection, not the more typical polar

projections. The essential differences between parallel and poler

projections have already been considered.

It is also assumed that Ar is very small - ie. he is considering two

points very close together on the surface of the window. And Lys Lo

are in the same horizontal plane, so that only the horizontel differential

angular velocities are being considered.

What does Graham's formula indicate ? As it stands, it is not

particularly meaningful. Grahem states (1963, p.1022) that the

differential angular velocity cue is ambiguous because a receding

window in quadrant I (Fig.4e13) provides the same information as an

advancing window in quadrant IV (Fig.4-14).

But does it ? Consider the seme window in the two positions shown in

Figs. 4013 and 4.14, such that a = 360 - 8.

Then applying Grehem's formula, we have for position 1 (Fige4el3).

aight = £ (R, 7, 8) -©®

and for position 2 (Fig.4.14)

d.Ae am ns Ty» a)
at

£R, x, (360-8)) -©

Bt 6) ©

since sin (360-8) = = sinB
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aH

Fige 4-14

Showing an Advancing

Window in Quadrant IV

a= 360 -8

It is possible that there may be some other angle, 6 , in quadrant IV

such that

Ae88 = 2(R, T,, 6) = £(R, ry, 8)

but this is unlikely, since sing will always be negative and sind

always positive.

“Thus the differential anguler velocities in the two positions are

not equal. There must, therefore, be some other reason for the

ambiguity.
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Other types of Stored Information

Only one possible source of information relevant to the interpretation

of the direction of rotation has been considered in detail ~ that is
the continuous perspective trensformation undergone by the rotating

trapezoidal shape.

What are the other types of stored information with which incoming

information may be compared ?

There is probably some indication of the frequency with which different

types of motion have been encountered in the past. It would seem

intuitively that rotation is a fairly fundamental type of movement,

which is met frequently in everyday experience. But oscillation is

probably encountered almost as frequently ~ not oscillation in the

strict mathematical sense of simple harmonic motion through 180°, but

oscillation in the sense of doors swinging on their hinges, or tree ©

branches blown by the wind.

Shape constancy must also be relevant here. Rectangles are encountered

frequently, and their retinal images are almost always trapezoidal;

put trapezoids themselves are rarely mete The existence of shape

constancy has long been recognised, and its importance in providing

a stable visual world has been demonstrated frequently.

Normal. observers rarely report any change in the apparent shape of a

rotating trapezoid which appears to oscillate, although logically the

shape shovld appear to change. However Ames (1951) and Cook et al

(1967) have remarked thet changes in shape were reported by experienced

(end critical) observers, who were making careful and analytical

descriptions of their percepts.

Depth perception and the judgment of slant may also be considered. But

it is important to differentiate between static slent perception, and

the slant of a moving object. This will be discussed further later

(p 185 ).
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These, then, are some of the relevant types of information which

may be stored by the perceptual system. The incoming information

will be compared with these stored models, and a judgment made of

the type and direction of motion being seen.
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CURRENT INFORMATION

The sources of information contained in the rotating trapezoidal

‘window were summarised above as :

outline shape

outline size

surface pattern

axis of rotation

speed of rotation

viewing distance

monocular/binocular view

The interpretation of all these factors (i.e. the direction of

rotation seen) must relate this incoming information to the

information that has been obtained from past experience and which

will have been stored by the perceptual system in various ways -

possibly in some of the ways that have been suggested.

PROJECTIVE TRANSFORMATIONS

Probably one of the most powerful sources of stored information is

the projective transformation undergone by any object as it moves in

any way relative to an observer. Hay's analysis (1966) has shown

that this transformation can be considered in terms of 4 basic

parameters, each of which could operate either horizontally or

vertically. (i.e. image translation, stretching, shearing and

foreshortening).

The particular apparent transformations undergone by a particular

class of shapes (trapezoids) has been demonstrated mathematically

for two particular types of movement (rotation and oscillation)

relative to a stationary observer.

If the difference between the transformation due to rotation and

the transformation due to oscillation were sub-threshold, then an

ambiguous situation would result and errors in the resulting percept

would be expected. j

But if the situation were completely ambiguous, the resulting percept

should be 50% correct and 50% incorrect. This is not the result
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Fig. 4.15.

Transformation of a Rectangle during:

(1) Clockwise Rotation (2) Oscillation



obtained with the rotating trapezoid illusion, for typically apparent

oscillation is seen more than 90% of the time with stimuli such as Ames!

window (see p. 103).

Why, then, should there be such a strong bias towards perceived

oscillation rather than rotation ?

Consider the essential difference between the transformation due to

rotation and the transformation due to oscillation for a particular

class of trapezoids - rectangles. This is represented in Fige4.15

with the vertical dimensions exaggerated for clarity.

Note that immediately after the Og position, the apparently longer

vertical edge of the rectangle (ise. the actually nearer edge) is

always on the right for clockwise rotation, whereas it alternates

between right and left for oscillation.

This is trve for ell velues of x, y and D (using the same notation

as above), and can be simply demonstrated mathematically:

(a ty4")
Consider the rectangle

(x,y)
2x x 2y, viewed from a

distance D and rotated

through an angle 0 «

fase ae rae Then if the projected

shape transformation

is defined by the points

|

|

|
el ea) (xq, 7) (x5 Yo) it

|

|

was shown above (p, 34)
Fig. 4016 Te

tos cos y' =
4 D-x sing us D-xsine.

x,' = Dx cos 9 y,' = Dy
D+ x sing D+ x sing

ed Was



' = Dx cos 6 ye) le D;
4 D- x sin6 a D- x sin6é

Xo = Dx cos 6 Yo = Dy

D+x sino D+ x sin 6

The necessary condition is that

Jie Jo. Sino

But Yi Jo' = dy 1 - a

D- x sino D+ x sine

y,'-y,'= 2Dxysin 0

te --®p* - x? sin” 6

Thus ¥'-y¥o' > oO

if pe Se 2 sin? 6

But max value x sin? 0 = x?

De > x? or D >x
(D must be positive)

But D must be greater than x (or else the observer would be hit

on the nose each time the rectangle rotated).

Thus yy'-yo'>0

Thus if a rectangle is rotated about a vertical axis through its

centre, the actually nearer vertical edge will always be the apparently

longer vertical edge (this will always be the edge on the right for

clockwise rotation).

Similarly, it can be shown that if the rectangle is oscillated about

the same axis, the actually nearer vertical edge will again always

be the apparently longer edge, but this will now alternate between

right and left.
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But equation @) also shows that

as D —o

then Jy" y,'—>0

The apparent difference in height between the 2 vertical sides will

therefore be small for most values of D (since D is large wer.t. x,y)»

Fig 4.17 illustrates the projection of the corner points of a rectangle

10" x 15" for viewing distances of 5, 10, 15, 20 and 25 feet.

The maximum difference in the apparent lengths of the two vertical

sides is indicated by the vertical diameters of the elliptical loci of

the corner points (i.e. when 0 = 90°). Fig.4.17 indicates that this

is small (possibly subthreshold) for values of D > 15 feet.

If we cannot distinguish these differences in height, then rotation

and/or oscillation of the rectangle will be ambiguous - and this is

what is found experimentally (eg. Braunstein and Payne, 1968; Pastore,

19523; Cross and Cross, 1969).

But if we can distinguish the difference in height - i.e. if the

difference in the apparent lengths of the 2 vertical sides is supra~

threshold - then this provides a strong and unambiguous cue to the

direction of rotation, and the apparently longer side will be the

actually nearer side.

Consider now the projection of a rotating trapezoid. Although

the actually longer edge is further away from the observer during

half of the rotation, it is still apparently longer, so that this

longer edge alternates between right and left in the same way as

for a rectangle oscillating through somewhat less than 180°.
This is so provided that the difference in height between the two

vertical edges of the trapezoid is such that the elliptical loci

of the end points are separated by some amount which is supra-

threshold.

This, then, provides us with the basis for an hypothesis to explain

the apparent oscillation seen with the rotating trapezoidal window:

If the elliptical loci of the corner points are narrow (sub-threshold)

and well - separated (supra-threshold), then rotation will always be

seen as oscillation with the apparently longer side



Fig. 4017
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seen as apparently nearer (see Fig.4.18 (1)).

If the elliptical loci are closer together (nearly touching, or over-

lapping) then there will be some confusion, and sometimes rotation will

be seen, sometimes oscillation (see Fig.4.18 (2)). The strong tendency

for shape constancy may reinforce the oscillation cues, and add to the

confusion.

If the ellipses are wide (supra-threshold) (whether they overlap or

not) then the difference in the two positions can be easily distinguished,

and rotation will be seen (Fig.4.18 (3)).

This may be summarised as follows:

Rectangle - D large - ambiguous cues

(ellipses narrow and overlapping, cannot

be distinguished) hence sometimes see

rotation, sometimes oscillation.

Rectangle - D small = unambiguous cues

(ellipses wide, can distinguish differences

in height and therefore see true direction)

apparently longer side = actually nearer side.

Trapezoid - D large - unambiguous cues

(ellipses narrow — small change in apparent

length between front and back) apparently

longer side seen as apparently nearer side

therefore rotation seen as oscillation.

Trapezoid - D large - ambiguous cues

(ellipses closer together - maybe overlapping

- confusion) sometimes see rotation ,

sometimes oscillation

Trapezoid - D small - unambiguous cues

(ellipses wide - large change in apparent

length, so can distinguish between front and

back) rotetion seen as rotation, oscillation

seen as oscillation.

he



Fig. 4.18
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It has been suggested, then, that the most important source of

information when viewing a rotating trapezoid object is the projective
transformation that it undergoes. This transformation may be summarised

by considering the elliptical loci of the projections of the corner

points of the trapezoid.

This transformation depends upon several of the factors listed above

as contributing towards the interpretation of the direction of motion.

The outline shape and size, axis of rotation position, and viewing

distance are inter-related in the formulae derived above. The actual

values of each of these dimensions determines absolutely the projection

of that particular shape as it is either rotated or oscillated, and thus

will determine whether the differences in those 2 projections will be

either sub - or supra - threshold.

These factors together then probably provide the most important source

informatione

The computer program TROT (p.40) can be used to plot the elliptical

loci of the corner points for any particular trapezoid, viewed at any

particular distance.

Consideration of the graphs obtained enables the type of motion seen

(rotation or oscillation) to be predicted, by following the simple

set of rules summarised above.

The other main sources of information contained in the rotating

trapezoid window illusion will now be considered briefly.
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SURFACE PATTERN

Surface pattern provides a rather different source of information;

the pattern may be chosen to either conflict with, or to reinforce,

the outline shape of the stimulus, and may be either - two-dimensional,

or apparently three-dimensional.

If the surface pattern produces a three - dimensional effect (i.e.

with shadows) it may add to the oscillation cues. Fig. 4.19 shows

eight successive views of an artificially shadowed two-dimensional

trapezoid in rotation (top), and the same views of a genuine three-

dimensional trapezoid (below).

podadwe

ppldg Gib Fig. 4.19
(From Cross & Cross, 1969)

Since the two sides of the two dimensional trapezoid are painted

alike, the shadow patterns do not reverse during the second half

of the rotation as they do for the solid rotating trapezoid, and

hence may indicate oscillation rather than rotation,

If the surface pattern conflicts with the outline shape, or if the

patterns is different on the 2 sides of the object, this will provide

additional cues to the direction of motion.

But it is suggested that the surface pattern is very much a secondary

source of information. The projective transformation undergone by

any rotating rectangular object is quite independent of the pattern of

that object and provides a far more fundamental cue to the direction

of rotation.



SPEED OF ROTATION

The speed of rotation obviously affects the rate of change of the

projected pattern on the retina, and this in turn may affect the

rate of interpretation of that changing pattern.

A very slow moving pattern may be essentially boring so that when

two alternative interpretations are possible the percept switches

more rapidly from one to the other.

A very fast changing pettern may not allow the perceptual system time

to differentiate adequately between possible hypotheses, so frequently

causing the wrong interpretation to be made.

It is suggested that there is a middle range over which variations

in the speed of rotation have little effect on the resulting percept.

Over this range, there is adequate time for incoming sensory

information to be processed, and a decision made as to the type of

motion being observed.



SUMMARY

It is suggested that the misinterpretation of the direction of motion

of a rotating trapezoidal object is due to the misapplication of

stored hypotheses based on the continuous perspective transformations

undergone by rectangular objects. The illusion therefore depends upon

past experience with rectangular objects, but does not depend upon the

frequency with which oscillation and/or rotation have been seen in the

past.

The illusion depends primarily upon the strong and unambiguous cue

provided by rectangular objects viewed at short distances, that the

apparently longer side is the actually nearer side.

How does this hypothesis compare with the explanations proposed by

others? Ames (1951) stated that the illusion was due to past experience

with rectangles, but he did not attempt to clarify which aspects of

that past experience were the cause.

Graham's (1963) analysis of the differential angular velocity cue as

ambiguous has been shown to be inadequate to explain the illusion at

shorter viewing distances; the same can be said of Day and Power's

(1965) analysis of ‘retinal motion’ cues.

Pastore (1952) and Mefferd et al (1966) suggested that it was the

misperception of slant which caused the illusion. Whilst this may

hold for stationary objects, it is difficult to relate to moving ones -

and it does not suggest which particular stimulus characteristics are

necessary for slant to be misperceived.

The explanation proposed here has attempted to analyse the illusion in

terms of the various types of information it contains, and has suggested

that the most important source of information is the continuous

perspective transformation of the rotating object. This transformation

is dependent upon both the outline shape and size, the axis of rotation

position, and viewing distance. Secondary sources of information, such

as surface pattern and speed of rotation, have also been considered.

A series of six separate, but inter-related experiments was designed

to investigate the relative importance of these various factors.
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SECTION 5

EXPERIMENTAL INVESTIGATION:

GENERAL DESIGN

It Was suygestel in Section 2 that if the information content of an illusory

stimulus was varied systemetically, and related to the resulting percept,

the types of information utilised by the brain for veridical perception

could be investigated.

The Ames trapezoidal illusion provides a suitable stimulus for investigation,

since the resulting percept is readily quantifiable. It is obviously a

complex phenomenon, involving the interaction of several different types

of visual cues. The stimulus parameters selected for investigation in

the present study were:

outline shape

surface pattern

speed of rotation

VV ratio

HX ratio

fixation position.

(See Fige4.9, pe34 )

Perspective effects (including monocular/binocular viewing) were not

invebtigated specifically because of limitations due to the space

available for experimentation. Previous work on the effects of viewing

@istance (eg. Braunstein & Payne, 1968) produced results consistent with

the theoretical mathematical analysis discussed above.

Another possible variable was the contrast level between the stimulus

shapes and the background. Prelininary experiments (not reported in

detail here) showed this to be insignificant, end it was thought that

the primary factors affecting the illusion would be of a higher order

than that of contrast.

Ofthe many possible subject variables that could be investigated, only

the following were chosen:

within-subject variability

between-subject variability

sex.
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Sex was included since it was relatively simple to incorporate this factor

as an element of the experimental design, but restrictions on the number

and type of subjects available meant that factors such as age, intelligence

and mental state could not be included. It was considered that this did

not present a major critism of the experimental investigation, since

these factors wre relatively unimportant so far as the hypothesis under

test was concerned.

Zegers & Murray (1962) showed that age was not an important variable in

the perception of the illusion, end cross-cultural studies such as those

of Allport & Pettigrew (1957) indicated that the illusion still occured

(although to a somewhat reduced extent) in more 'primitive' cultures

than our own. The occurence of the illusion in various abnormal mentel

conditions was investigated by Mulholland (1956, 1958), but there are

several major critisms of his work which will be discussed further later.

These, then were the factors investigated in six separate, but inter-

related, experiments.

GENERAL METHODOLOGY:

The same basic method was used for every experiment. The stimulus shapes

were cut from sheet aluminium and spray-painted flat white; they were

evenly illuminated from above, creating no shadows, and were viewed against

a matt black background.

Each shape was in turn mounted upon a vertical shaft attached to a

vabiable - speed motor, and rotated in a horizontal plane about a

vertical axis. They were filmed as they rotated, and the subjects viewed

a two-minute film presentation following a one-minute 'trial run'.

The measure used was the frequency of an apparent change in direction,

calculated as a percentage of the maximum possible, assuming two possible
apparent oscillations for every complete revolution. Since the viewing

time was kept constant, this maximum possible obviously depended upon

the speed of rotation. Vel

Precise details for each experiment will be given in the description of

that experiment.
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THE APPARATUS:

The apparatus was originally designed to be viewed directly by the

subject (S), and so was constructed in such a way that ell the mechanics

of the system were hidden from view. However, for reasons detailed below

film presentation was eventuelly used, and the apparatus was modified

accordingly.

The apparatus consisted basically of three boxes, mounted one upon the

other, as shown in the photographs - Figs.5.1 & 5.3; Fig.5.2 shows the

three sections diagrammatically, together with their dimensions.

The bottom section housed the motor systems, which were accessible

through a drop-flap opening in the side (shown open in Fig.5.3). The

vertical shaft upon which the stimulus shapes were mounted, passed through

a hole in the top of this box. A second hole was made for the position-

indicator system described below.

The sides, back, and base of the middle section were completely lined

with black flock paper to give as dark a surround as possible. Trial

films, however, showed that this background was not 'black' enough when

filmed, so the back section was cut out and the apparatus was positioned

in the doorway of a small dark-room whilst being filmed. One side of this

middle section could be raised so that the stimulus shapes could easily

be changed.

The lighting system was housed in the top section; this consisted of

Tour 2Owatt 'daylight' fluorescent tubes, each 2 ft long, mounted

lengbhwise at the top with an ginch thick 030 opal diffusing screen

8inches below them, giving even illumintion over the screen.

The 'proscenium arch! at the front of the middle section screened the

opal diffuser fron direct view. The inside of both the top and bottom sections

were painted flat white, and the whole outside painted matt black.
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The Dimensions

of the Apparatus.





Fig. 5.4

Cone Gear for

Brush Motor.
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MOTOR SYSTEMS:

The experimental design required a quiet variable - speed reversible

motor which would give stable and repeatable results over a minimun

range of 2 to 32rpm. Several methods were tried in an attempt to satisfy

these requirments.

The first motor tried was a Parvalux series wound brush motor internally

geared to give a nominal final speed of lOrpm with an imput of

230/250volts A.C. Attempts were made to vary this spced with a voltage

transformer, but this was found to be reasonably stable over a range of

8 - lérpm only.

Auxiliary gearing systems were tried in an attempt to increase this range,

the one finally chosen being shown in Fig.5.4. This consisted of a 3:1

reduction gear, upon which was mounted a wooden cone giving a continuously

variable gear with a maximum range of 1:2. A variable-position rubber

wheel drove the vertical shaft upon which the shapes were mounted, when

it was in contact with this cone.

This combination of variable cone height and voltage variation gave the

required range of speeds, but even with a stabilised power supply their

repeatability from day to day was unacceptable.

Another feature of this motor was the noise it produced, which was

considered to be unacceptable for use with direct viewing by S's.

The brush motor was then replaced by a silent Crouzet synchronous motor

giving 60rpm at 50cps; this is shown most clearly in Fig.5.5, where it

is in the position previously occupied by the brish motor. The speed

was varied by altering the frequency of the input signal tothe motor

with the frequency generator shown in Fig.5.3, and it was found possible

to obtain the required range by this means.

Unfortunately the frequency generetor became more and more unstable with

time, and gave increasingly large day to day variations which meant that

recalibration was necessary almost daily. This was especially so over

the higher speeds required, until eventually the generator broke down

completely and a third method had to be devised. (he frequency generator

could not be replaced since similar high-power types were no longer availiable).

The most successful motor used was an Impex 4 phase stepping motor (FD 13)

(see Fig.5.5). The vertical shaft turning the various stimulus shapes
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Transducer

ng motor speeds.



Polaroid Transducer

with photo-cell.

Tm



Fig. 5.8
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TRAPEZOIDS:

All the different shapes used were cut from 20gauge sheet Dural, which

was both strong and rigid, and could be cut with great accuracy (+ 0-5 mm.)

The precise dimensions are given in the experimental details below. Each

was bored with a small screw hole about inch from the lower edge,

indicating the axis of rotation position; they were slotted into the

vertical sheft and screwed tight so that they were held rigidly. Three

different vertical shafts were constructed - one for each of the trapezoid

shapes used in experiments 1 & 2, with the slot angled precisely to hold

the trapezoid in the correct position, and the third with a horizontal

slot. All the other shapes were cut with a short horizontal section

to fit squarely into this holder.

All the shapes were spray-painted first with anbi-rust metal primer, and

then with several coats of U-Spray matt white. The shadow effects for

experiment 1 were produced with Letrafilm 175M (dark grey), 173M (mid-

grey) and 11M (light grey). The cut-out effects were achieved by sticking

on black flock paper. This gave a very realistic three-dimensional effect,

and was much more accurate than actually cutting out the holes.

Such a 'window' is shown clearly in Fig.5.7/.

FILM PRESENTATION:

Several factors contributed to the choice of film presentationas the

most convenient and suitable form, some of which have been indicated

already. The complete control over the ambient conditions and the

standardisation that this permits was the most important single

factor.

The experimental design employed meant that each S viewed at least two

differant shapes, with a short trial run followed by 2minutes observation.

With film presentation this was easy to achieve - the timing was precise,

each S saw exactly the same piece of film, and the film could be put

together in the required order. But with direct observation the motor

had to be started, and adjusted to give the required speed when necessary,

and then stopped and the stimulus shape. replaced by another; the motor
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was re-started, re-adjusted, and so on. This was a tedious process for

both § and the experimenter and was obviously much less accurate and

more time-consuming.

The type of film used was Kodak 16mm 4-X negative, type 7224, shot in

40 second takes at 18 fremes/sec. The projection speed was @lso at

18 frames/sec. The only source of illumination used was the light-box

above the rotating shapes, a1] the extra room lights being switched off.

The camera height was level with the centre of the shapes, and the distance

from the camera to the axis of rotation was 12.5 feet; this distance was

limited by the dimensions of the room available for filming, with a

dark-room that could be used to provide the necessary black background.

Since it was only possible to film short takes of each shape used, several

prints of each take were obtained end edited together to give the required

length of film. These were then re-edited in random order (see below)

to give:

trial run Shape 1: 1 minute

blank black : 10 seconds approx.

observation Shape 1: 2 minutes

blank black : 10 seconds approx.

trial run Shape 2: 1 minute

etc...

The actual order in which the film was edited together is indicated by

table 5.1 (p. 81).

It was considered important that no information should be lost to the

subject through using film presentation, and after careful consideration

it was thought that this condition had been met. The film was essentially

@ monocular view of the rotating stimulus objects, viewed at a distance

of 12.5 feet. This method of presentation had the additional advantage

of effectively eliminating depth information provided by accommodation,

convergence or binocular cues.

The Bauer F6 Automatic cine projector was 13.5 feet from the screen,

and the subject (using monocular vision) was 12.5 feet from the projection

sereen, as shown in Fig.5.9.

- Th
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However, although the shapes were filmed, projected and viewed at
practically the same distance, differences in the lens systems of the

camera and cine projector resulted in a magnification of the shapes on

the screen of approximately X2 (precise values are given with the ;

details of each experiment).

This magnification resulted in the effective size of the shapes used

being much larger than those used in many other studies of apparent

oscillation. The limitations that this imposes on comparisons with

the results of other studies is discussed critically in Section 7.

The projection ecreen used was of rigidly mounted hardboard, 6ft tall
x 5ft wide, and painted matt white; a rigid screen was chosen to

eliminate any possible distortion due to movement of the screen itself,

The room was dark, although not completely black, and the illumination

on the screen was:

White window 40 lux meximun

‘Black! background 0.75 lux. s

RECORDING RESULTS:

The measure of the illusion used for these experiments was the frequency

of apparent oscillation during a two minute period, calculated as a

percentage of the maximum possible. i

Subjects were asked to signal an apparent change in direction of motion

by pressing a micro-switch roller, which activated an electro-mechanical

counter; since these counters were non-resettable, their values were

recorded both before and after a period of observation.

An alternative method of recording results was used during preliminary

experiments, and was adapted for use with film presentation, although

the method was eventually abandoned.

The polaroid transducer was arranged in such a way that the peak on the

pen-recorder trace occurred when the stimulus shape was exactly

perpendicular to the line of sight, indicating the 'zero', and S's

micro-switch triggered an event-marker on the pen-recorder. A trace was

then obtained which indicated exactly where, during a 360° revolution, the

apparent oscillations occurred For the purposes of these preliminary experiments
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subjects were asked to indicate when they saw the shapes stop, and where

they appeared to start moving again. Occasionally these stop-start

positions were almost simultaneous, but often there was a considerable

interval between them.

This method was modified for film presentetion by removing the photo-

cell (as in Fig.5.6) and allowing the light to pass through a small hole

in the top of the base box onto a mirror inclined at 45 to the top of

the box, so that the light was reflected towards the camera.

As the shapes robated, this small light patch varied in intensity sinusoidally

and could be monitored when the film was projected by mounting a photocell

in the appropriate place on the projection screen.

This method of recorfling results obviously provided far more information

then the simple frequency count, but the analysis proved to be far too

lengthy when a lerge number of observations were required, and it was

therefore abandoned for the main series of experiments.

SUBJECTS:

Experiments 1 to 4 were run simultaneously, the subjects used being selected

from the students and staff of the Department. The only condition imposed

was that each S should have 6/6 V.A. (or vetter) in the eye used for making

observations, with spectacle correction if necessary.

Six S's (3male & 3 female) observed each condition in each experiment.

Each S made a maximum of 3 observations, one from each of three groups?

Group 1 - experiment 1 - 21 conditions

Group 2 - experiments 2&4- 19 conditions

Group 3 - experiment 3 - 24 conditions

Each group was considered to consist of 24 conditions (some of which

might be "no observation" in groups 1 & 2), and a number (1 - 24) was

assigned to each treatment condition. These numbers were then arranged

in random order for each group, as tabulated below (Table 5.1)

Then Sl viewed Group 1 condition 5; Group 2 condition 3; Group 3 condition 13;

S2 viewed Group 2 condition 3; Group 3 condition 13; Group 1 condition 12;

and so on.



Table 5.1: RANDOM ORDERS FOR PRESENTATION

OF 24CONDITIONS IN EACH OF

THREE EXPERIMENTAL GROUPS.

Group 1 Group 2 Group 3

2) 3 13
IR 18 al
24 16 2

13 22 16
10 1 4

6 23 18

lv 4 23

18 8 8
16 20 20

19 7 22

oP 13 2
7 24 LG

LE) 2 24
ao 15 a

al 11 5

3 10 15

8 a9 uy

22 12 6
20 4 1

9 17 10

z 20 19

eet 6 2

4 5 21
Be a 12

The original random orders were modified slightly to eliminate identity

(or close similarity) between the cnnditions observed by a single subject

fron the three different groups, and no subject had more than one

"no observation" condition.

A total of 144 subjects were required, 72 males and 72 females, and two

subjects (lmale & 1 female) were tested simultaneously.

The following instructions were typed out and stuck on the table for

S to read:



"Watch the film on the screen carefully. You will be shown a

series of different moving shapes, which may be turning

sometimes in one direction, sometimes in another; sonetimes

they will change direction & sometimes they won't change at all.

All you have to do is to press the lever in front of you

each time you see a change in direction. Your observations

may be different from your neighbour's - don't worry if

they are. There is no right or wrong answer - I am interested

only in what you observe.

Use just one eye; there is an occluder on the table for you

to cover the other eye. There will be a shorter practice run

before each set of readings.

Any questions?

Do no discuss the experiment with anyone outside this room."

Instructions to S's,

Experiments 1 - 4.



S's were asked if they understood the instructions; if in any doubt they

were invited to ask questions after the first trial run, when the film

could be stopped. They were also asked to fixate the centre of the

screen.

The noise of the cine projector successfully masked the faint clicking

of the micro-switches, and examination of the results showed that there

was no interaction between pairs of subjects.

Experiments 5& 6 required only four S's each, all of whom were very

familiar with the Ames trapezoidal illusion to minimise possible learning

effects with repeated observations. They were run individually, the

only modification in the instructions being in the second paragraph,

for which the following was substituted:

"Please press the lever in front of you each time you see a

change in the direction in which the shape is moving."

areas



This summarises the main features of the

general design of the six experiments

carried out in this study. Details of

the apparatus and method used in a particular

experiment will be given in the description

of that experiment, in the next section.



SECTION 6

EXPERIMENTAL INVESTIGATION
DETAILS AND RESULTS

The main features of the general design of the six experiments carried

out in this study were summarised in Section 5.

Details of the dimensions of the trapezoids used, and the detailed

experimental design will be given with the description of each

particuler experiment.

The factors investigated in the six experiments were:

EL Effect of Shape and Surface Pattern

E2 Effect of Speed of Rotation

E3 Height Ratio and Axis of Rotation Position

E4 Projections of a Rectangle

E5 Within - S and Between - S Veriability

E6 Effect of Fixation Position

The results obtained in these experiments will be compared with the

published data obtained in similar studies by others, in Section 7.

a 85



EXPERIMENT 1

EFFECT OF SHAPE & SURFACE PATTERN

INTRODUCTION

It was suggested in Section 4 that the most important single factor

contributing to the illusion of apprent oscillation produced by a

rotating trapezoidal object is the outline shape of the object, and

that surface pattern provides a secondary source of information.

In general, this has been confirmed by other studies; but many of these

have used irregular or conflicting surface patterns (eg. Day and Power,

1963; Zegers and Murray, 1962; Cross and Cross, 1969).

Ames' emphasis on 'window' patterns relates to his transactional

explanation of the phenomenon, but since his choice of the "most effective"

shape and pattern for producing apparent oscillation (Ames, 1951) was not

supported by any quantitative data, it was decided that these factors

should be investigated first.

Attneave (1954) has shown that visual information is concentrated along

contours (i.e. regions where colour changes abruptly) and is further

concentrated at those points on a contour at which direction changes

most rapidly (i.e. at angles or peaks of curvature).

The sequence illustrated in Fig.6.l1thus provides a graded series of

increasing information, although it is patently not an equal-interval

scale. This sequence may be sub-divided into three sub-series -

numbers 3, 5, 7 and numbers 1, 4, 6, investigating the effects of numbers

of twindows' with and without 'shadows' respectively; and numbers 1, 2,

3 investigating the effect of altering the outline contour.

The sequence, then, provides three different aspects of pattern information

that may be analysed separately.

- 8-



Fig. 6.1.1

INCREASING PATTERN

INFORMATION

1. Solid

Matt White

No shadows

No windows

2. Solid white 3. White

"Window! i 1 shadow
shape & "Window!

shape

“4. White frame
2 windows

No shadows

5. White frame

2 windows

Grey shadows

6, White frame

6 windows

No shadows

7. White frame

6 windows

Grey shadows
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EXPERIMENTAL DESIGN

The effect of increasing the amount of information provided by the

surface pattern was investigated at 7 different levels for each of

three different outline shapes. Shape 2 (labelled T2) was equivalent

to Ittelson's version of Ames! trapezoid (Ittleson, 1952); Shape 1

(labelled T1) was a more exaggerated trapezoid; and Shape 3 (labelled

R) was a rectangle.

The outline dimensions of the shapes used are shown in Fig.6.1.2.

The dimensions of the rectangle were chosen such that trapezoids could

be possible 'perspective' representations of the rectangle rotated about

a central vertical axis (judged visually, rather than mathematically).

This is illustrated in Fig.6.1.3, , which shows the shapes superimposed.

Fig. 6.1.3

Shapes

Tl and R

Shapes

T2 and R

- 8 -
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The basic experimental design is shown in Table 6.1.1; the table

also indicates the number allocated to each treatment condition for

the random allocation of subjects (see page80, section 5).

Table 6.1.1

Pattern Shape

Information*; TI T2 R

Pl 1 2 3

P2 4 5 6

P3 7 8 9
P4 10 Ld 12;

P5 13 14 15

P6 16 17 18

PT 19 20 21

*'no observ-
ation" 22 23 24,

* see Fig.612

* see p.g1,section 5

Three male and three female subjects viewed each treatment condition,

There were therefore three factors being investigated - shape (at 3

levels), surface pattern (7 levels) and sex (2 levels).

All the shapes were rotated at a constant speed of 5rpm, and film

presentation was used as described in Section 5.

Thus over a 2 minute observation period a possible total of 20 apparent

changes in direction could be observed.

The magnification produced by the projection system was X2, so that the

outline dimensions of the shapes on the screen were actually twice

those shown in Fig. 6.1.2.



The randomised group design for the 3 factor analysis

used may be summarised as follows:-

Factors

of variance

- 3 levels

- 7 levels

- 2 levels

Thus there are (3) (7) (2) = 42 treatment combinations.

n = 3 for all treatments

Thus total (3) (42) = 126 observations.

Then the total sum of squares with (126-1) = 125 d.f. can be partitioned

into the following components with degrees of freedom as shown at the

right:-

Main effects: A 2

2 factor interactions: AxP 12

Ae: 2

Pxc 6

3 factor interactions: Roar eC 12

Within treatment: error 125-41 = 84 d.f.

Then Al = Tl Pi: Cl = Male

A2 = 12 be C2 = Female

AZ =R i)
see

PA} Fig. 6.1.2
P5

P6

ET



RESULTS

All the observed changes in direction of rotation were recorded as a

percentage of the possible maximum.

The spread of the data was found to approximate more closely to a

normal distribution after using a square-root transformation (see

Edwards, 1969; Bartlett, 1936; Boneau, 1960).

This procedure was followed for all the results from experiments 1 to 4.

Thus X'o= Vx +1

Where x!

Xx

"normalised" or transformed data

" number of oscillations observed, expressed

as % of meximum possible.

(Here X 100x709, where
x = nunber of oscillations observed).

"

Thus 2 minutes observation at 5 rpm should provide a theoretical

maximum of x .= 20 oscilletions

X= 100%

x'o = {100 +1 = 10.05

and a minimum of x 0 oscillations

c= Oe

x! Vi = 1

The range of values of X' was thus 1-10.05.

The results obtained in this experiment are summarised in table 6.1.2.



Table 6.1.2

SUMMARY OF RESULTS OF EXPERIMENT 1

Each cell entry is the sum of n = 3 observations

(transformed data)

Pattern Shape
Sex Information TH 72 R >»

Pl 29.13 29.64 3 61.77
P2 26.48 a5 202 6.77 48.37
P3 28.22 21.77 5.32 55.31

Cy PA 29.90 29.90 3 62.80
P5 29.90 24.39 12.97 67026
P6 28.59 23.91 a 55.50:

PT 30.15 30.15 6677 67.07

Pl 30.15 30.15 3 63.30
P2 26.50 17094 3 47044
P3 29.65 30.15 3 62.80

c, P4 29.64 28.62 3 61.46
P5 30.15 26.74 17.18 14.07
P6 28.05 22.65 3 53670

PT 30.15 30.15 4.45 64075

>> 406.66 361.48 77645 845.59

=o



A summary of the 3 factor analysis of variance is given in table

6.1.3-

Table 6.1.3.

SUMMARY OF ANALYSIS OF VARIANCE FOR EXPERIMENT 1

Source of Variation oe af. ates F .

Shape -A 1516-5487 | 2 758.274 | 34868 | 0.001

Pattern - P 74.4155 | 6 12.403 5.7 | 0.002

Sex zc 0.7083 | 1 0.708

AxP | 101.2506] 12 8.437 3.9 | 0,001

PxC 507340 6 0.955

Ax 3.0641 | 2 1.532

AxPxd 1.8715| 12 00156

Within treatments | 162.6327 | 84 20174

Total 886.2254 | 125

This shows that the outline shape had the most signficant effect upon

the amount of apparent oscillation produced (a = 0.001). The surface

pattern (P) and the A x P interaction were also significant (a = 0.001).

The sex of the subjects (C) had absolutely no effect on the amount of

oscillation seen. (Because of this, none of the other interaction effects

reached signficance).

Scheffés test for multiple comparisons (see Edwards, 1969 page 150) was

used to test for significant differences between the various shapes and

surface patterns used. (Scheffé, 1953)

This test can be used for making any and all comparisons of interest on

a set of R means including those comparisons that may be suggested by

the values of the means themselves. Thus, unlike most other statistical

comparisons, it is not necessary to plan the particular comparisons in

advance. :

The only condition necessary before applying Scheffé'S test to the

results of any experiment is that the treatment mean square must be

significantly larger than the within treatment mean square. If the

a=



treatment mean square is not significant, then no comparison will be

judged significant by Scheffé's test. This test is more conservative

than other procedures for testing planned orthogonal comparisons -

that is, larger differences will be required for signficance. A lower

standard might therefore be considered (eg. a = 0.10 rather than

a = 0.05).

An example of the application of Scheffé's test is given in table 6.1.4.

which is a multiple comparison between the k (=3) different shapes used

in this experiment.

The treatment sums to be compared are the sums of all the different

observations on each shape in turn (given in the bottom row, table 651482).

Thus each sum is based on (7). (2). (3) = 42 observations.

Table 601.4.

POSSIBLE COMPARISONS BETWEENk = 3

(2) YG) XC) PON) (7) (8)

DA ae “ MS); = :
Comparison Yai Di pi? pi? /n) ai?

407 36177

T1 vs T2 a -1 0 2 46 2116 2502

Tl vs R 1 0 -1 2 330 108900 1296.4

T2 vs R 0 bY -1 2 284 80656 960.2

Tl vs T2+R 2 -1 1 6; 376 141376 561

T2 vs T14+R ol 2 wl 6| 238 56644 224

R vs T1+T2 ay 1 “2 6] 614 376996 1496

It is not necessary that all of the comparisons shown in the table be

made, but we can make any or all of the comparisons that are of interest

with probability equal to or greater than (1—a) that all the statements

concerning the significance of the comparisons are true.

OB



Let any given comparison of the treatment sums be represented by Di.

The values of Di, given in column (6) of table 6.1.4. are obtained

by multiplying each of the treatment sums, given at the top of the

table, by the corresponding coefficients in each row. For a given Di

to be a comparison, we require only that Jai = O for the comparison;

that is, for the sum of the coefficients for the comparison to be equal

to zero. It is not necessary that the various comparisons be orthogonal.

Then, with each sum based upon the same number of observations, we have

pi?

n a.2? : i

MSp, =

as the mean square for the comparison of interest (column (8) of

table 6.1.4).

Then, as a test for signficance, we may find

where s? is the error mean square of the analysis of variance and

Fla (k-1)-P

F is the tabled value of F for (k - 1) and k (n - 1) d.f.

Then, for significance, we have

Ms, > (PY) (6?)



Multiple Comparison for Shape (A)

k = 3 levels

n = 42 observations

s* = 2.17 (see table 6.1.3)

For signficance,

Ms, 2 (B') (s?)

2 (K-21) (F) (s?)

Tabled values of F for (k -1) = 2 and k (n~)) = 123 dof.

are F = 7.32 for a = 0,001

F = 5.54 for a = 0,005

Ths MS. > 31.77 for a= 0,001

> 24.04 for a = 0.005

Thus from table 6.1.4, the comparison between Tl and T2 is signficant

with P = 0.5%, and all the other comparisons are signficant with

P = 0.1%.

The results of Scheffé's test thus showed that there was a signficant

difference (P = 0.5%) in the amount of apparent oscillation produced

by the two trapezoidal shapes, with Tl giving more oscillation than

2 (Ames shape). Itvas also shown that the two trapezoidal shapes

produced very many more oscillations than the rectangle (P = 0.1%).

Multiple Comparisons for Pattern (P)

The sequence of surface patterns used in this experiment provided a

graded series of increasing information (see Fig.6.1). This sequence

may be sub-divided into 3 sub-series ~ P3, P5, P7 and Pl, P4, P6,

investigating the effects of numbers of 'windows', with and without

‘shadows! respectively; and Pl, P2 and P3 investigating the effect of

altering the outline contour.

Signficant differences between the amounts of apparent oscillation

produced by these various treatment conditions can be investigated

in several ways - for example, by considering a 3 factor analysis of

R072
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Sree | Se SP SP Rae

Comparison Dap? Dy? | Da
125 96 118 «#4124 141 #+109 = 132

PB vs P, 1 -1 oO 0 ° oO ° 2 29 841 23.4

P) ve P3 0 it) esheets) 0 0 o| 2 22 | 484 13.4

P, vs P3 Ak Oo -1 Oo ° 0 0 2 7 49 1.4

PB +R4% vs aL eel a1 eed 1] 6 33 | 1089 10.1

P; +P5 +P7

P) vs B ey ©) omezO ° 0 Teal a2 1 49 1.4
P, V8 B a Tele 23 | 529 14.7

P; ve Py -1 1 2 17 289 8.0

Ps vs P, -1 a 2 45 | 2025 56.3

Ps 4B, ve P3 -2 1 15 aa 37 | 1369 12.7

Py +P) vs Py -2 1 1 6 23 529 49

Py +P vs Py =2 5% + 6 i7 | 289 207,

TABLE 6.1.5

COMPARISONS BETWEEN SURFACE PATTERNS



variance with shape, windows and shadows as the 3 factors, and a

2 factor analysis of variance with shape and outline contour as the

factors.

A simpler approach is to use Scheffé's test to look for significant.

differences between the treatment sums. The various comparisons are

summarised in table 6.1.5.

Then k = 7 levels

n = 18 observations

A ay

MS...
For significance, Di Zz (Ft) (s?)

2
> (k - 1) () (s*)

fabled values of F for (k - 1) = 6 and k (n-1) = 119 4.f.

are F = 4.04 for a = 0,001

PF = 1.87 for a= 0.10

0.001

0.10

Thus MS. 06 for a
Di

3 for «aIV IV

Thus from table 6.1.5, the comparison between P5 and P2 is significant

with a= 0.001, but none of the other comparisons reach significance.

Thus the pattern producing the highest number of apparent oscillations

(P5) produced significantly more than the pattern causing the lowest

number of apparent oscillations, but increasing the numbers of windows,

or adding shadows, had no significant effect.

Since there was such a significant difference between the amount of

oscillation produced by the two trapezoidal shapes (T1 and T2), and

that produced by the rectangle (R), it was considered that the effect

of surface pattern on the 2 trapezoidal shapes may have been somewhat

different from the overall effect. A comparison for pattern was therefore

carried out with the treatments summed over Tl and T2 only, and both

levels of C (instead of T1, T2 and R and both levels of C). These

comparisons are shown in table 6.1.6.

= 99 =
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SPL Shh2 =SPs. SPA eeP5 SLO SLT MS
2 2] Die 2Comparison et pi | pi? | di2/n >

119 «86 «6110: «2118 «s1lls:105'—s:120

Pl vs P2 22 0 0 0 0 o} 2] 33 | 1089 45.4

P2 vs P3 -1 1 2 24 576 24

Pl vs P3 1 a 2 9 81 3.4

PT vs P6 1) ar eee | Mess: 12.0

P3+P5 + P7 vs 1 0 pei ees leaped TG 1 1 0.01

Pl + P4 + P6

P7 vs P2 -1 34 | 1156 48.2

P5 vs P2 -1 25 | 625 26

TABLE 6.1.6.

COMPARISONS BETWEEN SURFACE

IS_FOR TRAPEZOID SHAPES ONLYPATT



{hen k ‘7 levels

12 observations

217u

For significance,

MSpi = (ke = 1) (F) (5?)
27360 48)

Tabled values of F for (k -1) =6 and k(n-1)= ‘77 4.f.

are F = 3.40 for a = 0.005

F = 1.86 for a = 0.10

Thus MSpi ST hes for a = 0.005

aes Bhd, for a= 0.1

Thus from table 6.1.6 it can be seen that again there was a significant

difference (a= 0.005) between those patterns producing the highest amounts

of oscillation (Pl & P7), and that producing the lowest amount (P2);

but the other comparisons were not significant. ;

It was predicted that the pattern P2 would produce fewer oscillations

than any of the other patterns, since this was the distorted outline

shape, without any shadow to give meaning to the outline. This

irregularity eppears to have been adequate to reduce the amount of

oscillation for these trapezoidal shapes.

These comparisons, then, have shown that there was not a gradual increase
in the amount of oscillation with increasing pattern information.

Neither was there any significant difference as the numbers of 'windows!

or the amount of 'shadow' was increased. In fact, it was found that

Pl and P7 produced practically identical frequencies of apparent

oscillation for these trapezoidal shapes. :

- 101 -



‘The fact that the A x P interaction (table 6.1.3) was significant, '

indicated that the effect of surface pattern had been different with

different outline shapes.

But consideration of the effect of surface pattern on the two trapezoidal

shapes has indicated that this was similar to the overall effect. The

surface pattern must therefore have had a different effect on the amounts

of oscillation produced by the rectengle.

This is shown most clearly by the Graph 6.1.1 (page 102), which shows the

amount of oscillation produced (expressed as a percentage of the maximun

possible) by each of the different surface patterns for the three shapes

used. (The results shown are the means for each pattern, sumed over both

levels of C.)

Clearly the pattern P5 (2 windows, with shadows) produced far more

oscillations with the rectangle than any other pattern. Why this particular

pattern should be so effective is unclear, particularly since only three

of the six subjects who observed it recorded any oscillations. This may,

therefore, be just a chance result, but the effect should be investigated

further.

DISCUSSION

Three factors thought to contribute to the illusion of apparent oscillation

with a rotating trapezoidal object were investigated in this experiment;

these were the outline shape, surface pattern, and the sex of the subject.

It was found that the sex of the subjects used in the experiment had

practically no effect on the results obtained (see table 6.1.3).

Because of this, it was possible to combine the observations of both

male and female subjects when considering the detailed effects of outline

shape and surface pattern. There were then 6 observations per treatment

condition, instead of three.



Percentage

Oscillations

sas ers ees ye I |

2

Of.

40) _

20

Pattern

Graph 6.1.1

Graph showing percentage

of oscillations produced

by each surface pattern

for 3 different shapes.

(See Fig.6.1.2. for details)
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The results obtained supported the hypothesis that the most important

single factor in producing apparent oscillation is the outline shape

of the rotating stimulus object (section 4, p 62 Ne

But Ames'(1951) claim to have found the "most effective" shape for

producing apparent oscillation wes not verified by these results,

since the shape T] produced significantly more (a = 0.005) apparent

oscillations than did the Ames' shape T2. Presumably the "most effective"

or optimum shape would produce apparent oscillation continously; in

this experiment Ames' trapezoid produced 77% of the maximum possible

number of oscillations, whilst the more exaggerated trapezoid TI

produced 93% oscillations. With the rectangle, however, veridical

rotation was seen 95% of the time.

The effect of altering the outline shape will be considered in more

detail in Experiment 3, when the amount of oscillation obtained with

these (and other) shapes will be compared with predictions based on

consideration of the elliptical projections of the corner points as

they rotate.

Although the analysis of variance showed that surfece pattern had a

signficant effect on the amount of apparent oscillation produced

(a = 0.001), the detailed comparisons of the various treatment

conditions did not indicate the nature of that effect.

Although there was a signficant difference between the patterns

producing most oscillations (P5 for the rectangle, but P7 for Tl and

72) and the pattern producing least oscillations (P2 for T1&T2 ),

there was certainly not a gradual increase in the amount of oscillaticn

with increasing pattern information. Neither was there a signficant

difference as the numbers of 'windows' or the amount of 'shadow! was

increased. In fact, when the two trapezoidal shapes alone were considered,

it was found that Pl and P7 produced practically identical frequencies of

apparent oscillation.

Surface pattern, then, was a secondary source of information

in this experiment. (It is possible, however, that in a situation where

the outline shape was more ambiguous, the addition of surface pattern

may have had a more significant effect).

- 103 -



EXPERIMENT 2

EFFECT OF SPEED OF ROTATION

INTRODUCTION

Ames (1951) suggested rotation speeds of 3 - 6 rpm as optimum for

demonstrating the apparent oscillation of a rotating trapezoid.

Subsequent examinations of this phenomenon have used speeds ranging

from 5 rpm (Haber, 1965), through 8 rpm (Day and Power, 1963) to

over 30 rpm (Freeman and Pasnak, 1968; Mulholland, 1963; Zenhausern,

1969).

Despite these large variations, investigators have compared. their

results without attempting to account for the fundamental discrepancies

in their experimental designs.

The speed of rotation obviously affects the rate of change of the

projected pattern on the retina, and so affects the rate of change

of incoming information ; this may in turn affect the rate of

interpretation of that changing pattern.

It was suggested above (Section 4, p. 61) that a very slow moving

pattern may be essentially boring so that when two alternative

interpretations are possible the percept may switch from one to the

other, whereas a very fast changing pattern may not allow the brain

time to differentiate adequately between possible perceptual

hypotheses, so frequently causing the wrong interpretation to be

made. It was also suggested that there may be a middle range over

which variations in the speed of rotation have little effect on the

resulting percept. Over this range, there is adequate time for

incoming sensory information to be processed, and a decision made as

to the type of motion being observed.

This hypothesis was tested by investigating the effect of altering

the speed of rotation over a range of between .2 rpm and 32 rpm. :

(This covered the range of speeds that had been used by most other

investigators of apparent oscillation).
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If the hypothesis was verified, then the results from experiments

incorporating rotation speeds from this middle range could safely

be compared; but for faster or slower speeds it would be necessary

to say that a different (although related) phenomenon was being

investigated .

EXPERIMENTAL DESIGN

The effect of altering the angular velocity was investigated at

five different levels for each of the three planar matt white shapes

used in Experiment 1, pattern 1. The experimental design is summarised

in table 6.2.1, which also indicates the number allocated to each

treatment condition for the random allocation of subjects (see p. 80,

section 5).

Table 6.2.1.

Speed (rpm)

Nominal Actual

Al = 1

S| a 1.8 1 3

S2 4 4 4 2 6

83 8 9.5 it : 9

S4 16 16 10 a 12

Ss 32 35 13 14 15

Three male and three female S's viewed each treatment condition.

There were therefore three factors being investigated - shape (at 3

levels), speed (5 levels) and sex (2 levels).

Differences between the nominal and actual speeds of rotation were due

to limitation of the stepper motor being used (p.72.)«
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The magnification caused by the projection system was again X2, so

that the sizes of the shapes on the Screen were the same as in

Experiment 1.

The randomised group design for the 3 factor analysis of variance

used may be summarised as follows:

Factors:

Shape = A - 3 levels

Speed = S - 5 levels

Sex = C ~- 2 levels

Thus there are (3) (5) (2) = 30 treatment comibinations.

n »= 3 for all treatments

Thus total (3) (30) = 90 observations

Then the total sum of squares with (90~1) = 89 d.f. can be partitioned

into the following components with degrees of freedom as shown at the

right:

Main effects A 2

s 4

c 2

2 - factor interactions AXS 8

AXC 2

sxc 4

3 - factor interaction AXSXC 8

Within treatment Error 89-29 = 60 dof.
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Then Al = T1 Sl = 2 rpn cl =

A2 = 72 S2 = 4 rpm = F

AZ =R $3 = 68 rpm

84 = 16 rpm

S5 = 32 rpm

RESULTS

The results obtained are summarised in table 6.2.2. (sce p.92

for details of the manipulation of the raw data).

Fach cell entry is sum of n = 3 observations

Speed of Shape

cos Rotation qT % R a

S 29.19 29.51 14.24 72094

S) 29.52 22.0 10.54 62.06

Oy 83 20.44 24.18 3.0 47.62

8, 30.07 22.62 Tall 60.46

Ss 14.43 14.09 543 33095

8 26.92 27.81 18.81 13.54

S) 30.15 27-49 9.14 66.78

Cr S3 24034 2576 4.69 54079

S4 29.11 19.67 6.44 55222

Ss 21.44 19.46 4.63 45.54

>S 255.62 232.58 84.70 -| 572.90

A summary of the 3 factor analysis of variance is given in table 6.2.3.

This shows that both the outline shape and the speed of rotation had

very significant effects on the amount of apparent oscillation produced

(a 30.001). The sex of the subjects had no effect on the amount of

oscillation seen, and none of the interaction effects were signficant

at «70.25.
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= 201 =

Source of Sum of a.f Mean F Ms
Variation Squares °"*) Square

Shape - A 573-4137 2 286.71 59.38 > 0.001

Speed - S 144.5778 4 36.14 7.48 > 0,001

Sex -C 329426 a 5-94

Axs 49.8032 8 6.22 1.29 £0.25

Aste 0.6345 2 0.32

sxc 9.1575 4 2029

AxS xc 14.9253 8 5.62 1.16 <0.25

Within

treatments 289.7259 60 4.83

Total 1086.1805 89

TABLE 6.2.3.

SUMMARY OF ANALYSIS OF VARIANCE FOR



Scheffé's test for multiple comparisons (see p. Oo ) was used to test

for significant differences between the shapes and speeds investigated.

The results of these comparisons are shown in tables 6.2.4 and 6.2.5,

and are discussed below.

Table 6.2.4.
COMPARISONS BETWEEN SHAPES

Comparison da 2 2 diet] va pi? MS
256 233 Di

T, vs T, EE -1 Oo 2p ed: 529 8.8

| vs R 1 0) a2 2| 171 29241 487

T, vs R 0 =} 2| 148 21904 365

T, +12 vs R 1 T snd 6 | 319 101761 565

ee a os ee, S S 83 S% 8, a aComparison 146 129 102 116 79 a: Di Div MS),

8, vs 3 ee ea 0 0 0 21 tr 289] 8

S, vs Ss 0 0 ane et 2| 37 | 1369] 38

S; vs +5; +

S,+ Ss 4 =) «1 -1 a2] 20] 158. | 24964) 69

Ss; vs S;+ S2 +

Ss, al sl. sek. 53 4| 20/177 | 31329] 87

5; + 5 vs 8; +

S,+ Ss 1.5 1.5 -1 -1 <1] 7.5]225.5) 13340] 99

Multiple Comparisons for Shave (A)

k = 3 levels

n «= 30 observations

Ss? = 4.83 (see table 6.2.3)
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For signficance,

Ms, 2 (k-12) (F)S8
i

fabled values of F for (k -1) = 2 and k (n-1) = 87 a.f.

are F=7-54 for a@ = 0.001

Fowi,4] for a = 0525.

Thus for significance,

MSp, 2 72.84 for a = 0,001

13.62 for a = 0.25

Thus from table 6.2.4, the comparison between the two trapezoidal

shapes showed that there was no significant difference in the frequency

of apparent oscillation. But the comparisons between the trapezoidal

shapes and the rectangle showed very signficant differences (P>0.1%).

Multiple Comparisons for Speed (S)

k = 5 levels

n = 18 observations

S2 = 4.83

for (k - 1) and k (n-1) = 85 4d.f.

= 5.12 for a = 0,001

Tabled values of F

F

F = 4.04 for a = 0,005

F

F

are

= 3.58 for a = 0.01

= 2.01 fora = 0.1

Thus for signficance,

MS), 298.9 fora = 0.001

78.0 a = 0,005

69.2 a = 0.01

38.8 a = 0.1
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Then from table 6.2.5, it can be seen that the slowest speed of

rotation (S; = 2 rpm) produced significantly more apparent oscillations

than any of the other speeds (P = 99%), and the fastest speed (S, =

32 rpm) produced fewer oscillations than any of the others (P = 99.5%).

The difference between S, and S; just failed to reach signficance at

the 10% level.

DISCUSSION

Three factors thought to contribute to the illusion of apparent

oscillation were investigated in this experiment; these were outline

shape, speed of rotation, and sex of the subject.

As in the first experiment., (B1), the outline shape was found to have

the most significant effect on the number of apparent oscillations

produced. The shapes used were the same as in El (pattern), so that

the results obtained are directly comparable.

Scheffé's test showed that the 2 trapezoidal shapes both produced many

more oscillations than the rectangle (a@<0.001); this was so for the

complete range of speeds used, as is shown clearly by the Graph 6.2.1.

In this experiment there was no significant difference between the

amount of oscillation produced by Ames! trapezoid (T,) and the more

exaggerated trapezoid (1, ).

The sex oi the subjects used had no significant effect on the results

obtained; this verified the result obtained in Rl.

The speed of rotation was found to have a very significant effect

(«<€ 0.001) upon the emount of apparent oscillation produced.

Over the middle range of speeds used (4-16 rpm) there was little

variation in the illusory effects. For T; and 7, there was almost

continuous apparent oscillation, with just occasional complete

rotations seen. But for the rectangle R there was almost continuous

rotation, with very few oscillations.

The slowest speed (2 rpm) gave signficantly (a{0.01) more oscillations

than any of the other speeds - particularly for the rectangle (see

-lu- ;
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Graph 6.2.2). This supports the hypothesis, which suggested that for

slow speeds 'boredom', or loss of visual interest, could result in

alternative interpretations of the same visual scene being perceived

in turn. (Since the rectangle provided more ambiguous information

than the trapezoids (see page 57) this shape would be more susceptible

to these spontaneous fluctuations in interpretation).

The fastest speed used (35 rpm) gave signficantly fewer apparent

oscillations than any other speed ( « = 0.005). The pattern of results

obtained at this speed was very different from all the others. The

observations tended to be grouped in spells of either complete rotation

or continuous oscillation, these spells lasting for 5 - 10 secs. each,

The standard deviation of the results obtained was higher for this speed

than for any other, and several S's actually called out "Slow down} "

(or some such) during the trial runs, indicating the difficulty they

experienced in interpreting this rapidly moving stimulus. This difficulty

has not been commented on in any other study, but surely it cannot be

unique to the S's used in this experiment.

The results of this experiment, then, verified the hypothesis under

test - i.e. that over a modest range of angular velocities (approx 4 16

rpm) the illusion of apparent oscillation produced by a rotating

trapezoidal object is a stable and repeatable effect.

At slower speeds visual 'boredom' can confound the illusion, whereas at

higher speeds inadequate ‘decision time! produces confusing results.
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EXPERIMENT 3

HEIGHT RATIO & AXIS POSITION

INTRODUCTION

The results of the previous 2 experiments indicated that the outline

shape was the most significant single factor in the production of the

illusion of apparent oscillation.

The hypothesis detailed in Section 4 (p59), suggested that the most

important source of information when viewing a rotating trapezoidal

object is the projective transformation that it undergoes. ‘he shapes

used so far have been either exaggerated trapezoids (which have produced

almost continuous apparent oscillation), or @ rectangle (which has

produced consistent rotation). Consideration of the proj ive trans-

formation undergone by these particular shapes shows that these results

are entirely consistent with thathypothesis.

But there must be some change over point from apparent oscillation to

veridical rotation as the height ratio decreases, and the elliptical

loci of the corner points of the trapezoid come closer together (or

maybe overlap). It was suggested that there may be a range of shapes

that cause some confusion, with sometimes rotation being seen, and

sometimes oscillation.

It was shown above, that for a constant viewing distance D, the

relative positions of the elliptical loci of the corner points of the

rotating trapezoid depended on both the ratio of the height of the

vertical sides (yy 1p) and upon the axis of rotation position

Gy xy) (See p 37 ).
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A secondary source of information is also provided by the axis of

rotation position. If x > Xoo it provides reinforcing "perspective"

cues, in that the trapezoidal shape (when perpendicular to the

observer) looks like the typical graphical representation of a

rectangle rotated about a central vertical axis (See Fig. 6.3.1). If

Xy< Xp this conflicts with the 'perspective! information.

EXPERIMENTAL DESIGN

The effect of altering the height ratio of the vertical sides of a

trapezoid was investigated at six different levels for each of four

different axéds of rotation positions. The viewing distance was

maintained constant throughout at 12.5 feet, so thet only those parts

of the hypothesis relating to large viewing distance (D > x) were

investigated.

All the trapezoids vsed were planer matt white shapes similar to those

used in E2 and in El (Pattern 1), and the angular velocity was maintained

constant throughout at 5 rpm. The experimental design is summarised in

table 6.3.1., which also indicates the number allocated to each treatment

condition for the random allocation of subjects. Three male and three

female S's viewed each of the 24 treatment conditions.

The actual sizes of the shapes constructed for this experiment are

shown in the table. These shapes were filmed at a different time to

those used in El and E2, and the slightly different camera settings

used resulted in a magnification of 2.15 x on the projection screen.

The projected sizes are also shown in table 6.3.1.

The conditions 3 and 7, then, did not correspond exactly to the shapes

Ty and T, used in experiments 1 and 2, as originally intended. However,

the angular sizes were close enough for useful comparisons to be made.

“There were therefore three factors being investigated in this experiment
= height ratio (at 6 levels), exis of rotation position (4 levels) and

sex (2 levels).
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Table 6.3.1

AXIS OF ROTATION POSITION

(x, # x)

Actual

(Projected)

HEIGHT RATIO
(2y, + Ay)

Actual

(Projected)

Sel. 2 Fel 6.1 :

(10.96 : 15.26)(13.12 : 13.12)

BL

6.1 Tens bel

(15.26 : 10.96)

B3

Scdicrneel

(17.41 : 8.81)

wy:6

(30.1 : 12.9)

2

(25.8 : 17.2)

A2

11.5

(24.7 : 18.3)

(23.6 : 19.3)

13

17

al

10

18

22

15

9)

23

12

16

20
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The randomised group design for the 3 factor analysis of variance used

may be summarised as follows:

Factors

‘Shape! - Vivo = A 6 levels

Rotation position Xy?Xp = B 4 levels

Sex = ¢ 2 levels

hus there are (6) (4) (2) = 48 treatment combinations.

n = 3 for all treatments

Thus total (48) (3) = 144 observations

vith (144-1) = 143 d.f. can be partitioned

into the following components, with degrees of freedom as shown at the

Then the total sum of squares

right:

Main effects: A 5

B 3

c a

2 factor interactions: AxB 25.

Bxc 3

Axc 5

3 factor interactions: AxBxC LS.

Within treatment error (143 -47) = 96 a.f.

Then Ay = 14: 6 Baeacsel 8 Jal C(, =M

ey wo) IBa8 Bore v6el) 2.652: C2 =F

Ay = 10.5 + 6.5) Bale pels 205.1

Rae | 1949 Ba = 8.1 : 4.1

Ast = $1035 4 935

Seiya



7S Ul =

Rotation "Shape" (y, sy, )
Sex Position 12 a

(asa) Ay AQ A3 Ag As AG

By 30.15 26.10 23.98 26.53 23.31 3.0 133.08

Cw By OOe00n = nebe55 26258. | 23.91 “716,65 650 131.56

B3 30515, 29590 29,10 26.53 20.44 4245 140.57

By 26565 ~ 25.42 25.42 25.06 18.82 300 124.35

3B BBC27 29.90 «29.90 28655 «12.68 320 125.50

c, B 29.90 28.32 29.64 25.67 21.05 6.58 141.16

Bs 30.15 30.15 30.15 25.98 18.85 300 138.28

By Bi eCGmmE Te) 0 27349 9 925.20). 33555) 300 122.44

SS 230083 226.06 222.25 200.43 145.35 32.03 1056.95

TABLE 6.3.2.
SUMMARY OF RESULTS OF EXPERIMENT 3

Each cell entry is sum of n = 3 observations



RESULTS

The results obtained are summarised in table 6.3.2. (see p 92 for

details of the manipulation of the raw data).

A summary of the 3 factor analysis of variance is given in table 6.3.3.

This shows that the height ratio (yx, ty, ) had the most significant

effect upon the amount of apparent oscillation produced («<0.001). The

axis of rotation position (xy #x5) was also signficant, but only at the

10% level («= 0.10).

of oscillation seen, and none of the interactions produced significant

The sex of the subject had no effect on the amount

results.

Table_60303-
SUMMARY OF ANALYSIS OF VARIANCE FOR EXPERIMENT 3

Source of Sum of df. Mean, P rt
Variation Squares Square

77> 1246.44 249.30 | 111.64] 0,001

X Xp 17-27 5076 2.68 0.10

Sex 0.03 0.03,

AxB 8.77 LS: 0.58

Bx C 4037 1.46

ae 15.72 3014 1.41

AB Xie 24.12 15 1661

Within

treatments 214.38 96 2.23

Total 1531.10 143

The results are shown most clearly by the graphs 6.3.1 and 6.3.2.

Scheffé's test for uultiple comparisons was used to test for significant

differences between the various height ratios and axis of rotation

positions used.

6.3.4. and 6.3.5., and are discussed below.

-lg-
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= rece

i an DA DAs DAs DAs DAs
Cone 231 226 222 200 1A5 32 Yet] pil v2

Ay vs Ag 1 «1 0 0 0 0 2 5 25 0.5

Ay vs Ay 0 % -1 0 0 0 2 4 16 0.3

A; vs Ay 0 0 1 -1 0 0 2| 22] 484 10.1

Ay vs As 0 0 1 <1 0 2 55| 3025 63

As vs Ag 0 0 0 1 - 2 | 113 | 12769 266

Ay +A) +43. v8 1 1 1 1 -1 -1 6 | 302 | 91204 63304

Ag ths +46

Ay +Ag +A3 44g 1 1 1 1 -2 -2 12 | 525 \275625 957

vs As +h

TABLE 6.3.4.

COMPARISONS BETWEEN HEIGHT RATIOS



sone

>:Comparison > ai? Di Di MSp;
259 273 279 247

Bi vs B 7 ex ° 0 14 196 2a

B vs 3B 7h -1 0 6 36 0.5

B3 vs By 0 ° al -1 32 1024 14,2

B, + Bs vs 1 i 1 -1 4 46 | 2116 14.7

B+

B, vs By 4B +B, -1 -1 3 -1 12 58 | 3364 7.8

TABLE 6.3.5-

COMPARISONS BETWEEN AXIS OF ROTATION POSITIONS



Multiple Comparisons for Vp Ratio

k = 6 levels

n = 24 observations

S? = 2.23 (see table 6.3.3.)

Tabled values of F for (k -1) =5 and k (n-1) = 138 af.

are F = 4.41 for « = 0,001

Then for significance

MSp; > (k- 1) (F) (s*)

> 49.17 for a = 0.001

Thus from table 6.3.4., there was no signficent difference in the

amount of oscillation produced by the shapes A; to Aq, but there were

marked differences between these shapes and As and Ay.

Multiple Comparisons for x. sx Ratio

k 6 levels

n «= 36 observations

St = 2.23

Tabled values of F for (k -1) = 3 and k (n~1) = 140 4.f.

are F= 2.12 for «a = 0.10

Fo=. 2438. fore =<0,25

Then for signficance

(x - 1) () (s’)
14.18 for « = 0,10

9.23 for a = 0.25

MSp,

IV IV

From table 6.3.5., the amount of oscillation produced by the axis of

rotation positions B, and B, was significantly higher («¢ 0.10) than

that produced by the other 2 positions.

= Ew



DISCUSSION

Three factors thought to contribute to the illusion of apparent

oscillation with a rotating trapezoidal object were investigated

in this experiment. These were the height ratio of the vertical

sides, the axis of rotation position, and the sex of the subject.

The sex of the subjects used had no signficant effect on the amount

of apparent oscillation seen; this verified the results obtained in

the previous 2 experiments.

The ratio of the lengths of the vertical sides of the rotating

trapezoids had a very significant effect upon the number of apparent

oscillations perceived (a <0.001). This is shown most clearly by the

graphs 6.3.1 and 6.3.2.

The number of apparent oscillations decreased as the height ratio

decreased, being almost 100% with the steepest trapezoid used, and

less than 2% for the rectangle.

There was a steady decrease in the amount of apparent oscillation

produced by the shapes A; to 44, for all four axis of rotation positions,

although the decrease was not statistically signficant. However, the

drop between A, and As (75% to 40% oscillation) and between As and Ag

(40% to 2% oscillation) were both signficant at p = 0.1%.

The graphs 6.3.3 to 6.3.6 show the loci of the end points of the

shapes A, to 4, respectively, for the same viewing distance (D = 12.5ft)

and axis of rotation position qm 77-125.) . (Graphs produced by

computer program TROT). :

These loci are well separated for 4, , Ag and A;, and are therefore

quite unambiguous. Although the ellipses are fairly wide (particularly

for A, ) they are well separated and the actually longer edge is always

apparently longer, even when it is behind the shorter edge. Since the

apparently longer edge is seen as the apparently nearer edge, the

trapezoid will be seen to oscillate. This agrees with the results

obtained. }

The loci for A, are becoming much more ambiguous; the ellipses are

much closer together - in fact almost adjacent when 6 = 270° so that

the lengths of the vertical sides are apparently almost equal. But

me
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Graph 6.3.4
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Graph 6.3.5

(a3, B3)

TRAPEZOID PROJECTION
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Graph 6.3.6

(44, B3)

TRAPEZOID PROJECTION



Graph 6.3.7.

(a5, B3)
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Graph 6.3.8
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Graph 6.3.9
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there is remarkably strong "shape constancy" when viewing these trapezoids

- none of the subjects used commented on an apparent change in the shape

of the moving object. (Although Ames (1951) referred to it with

practiced subjects). The ambiguity of the projection of this shape is

reflected in the decrease in the amount of apparent oscillation produced.

The graph 6.3.7. plots the loci for the shape As, the ellipses here

partially overlap so that the actually longer edge is not the apparently

longer edge for a complete revolution. This degree of ambiguity would

suggest that about 50% rotation and 50% oscillation would be perceived

- and this was in fact found.

The elliptical loci of the corner points of the rectangle of course

overlapped and so provided ambiguous information (since the vertical

diameters of the ellipses were small relative to D). (See Graph 6.3.8).

One would therefore expect some spontaneous oscillations to occur. But

the results indicate that the "off centre" axis of rotation positions

provided enough additional information for the hypothesis of rotation

to be chosen in preference to that of oscillation; practically no

oscillation was obtained with these conditions.

However, when the axis of rotation was central (See Graph 6.3.9) the

elliptical loci of the corner points of the rectangle were completely

superimposed, and so quite ambiguous. In this condition some spontaneous

apparent oscillations did occur (See Graph 6.3.2).

Variations in the axis of rotation position were also found to have a

signficant effect on the amount of aprarent oscillation produced,

although to a much smaller extent than the height ratios. (p= 10%).

The graphs 6.3.10 show the variations in the elliptical loci of a

particular trapezoid CALs = 11.5 : 8.5) with different axis of

rotation positions (viewing distance held constant). The effect is

obviously far less marked than that produced by altering the height

ratio.

In condition B, (2:5 =7-1 : 5.1) ‘the position of the axis of rotation

was displaced towards the shorter end of the trapezoidal shapes, thus

corresponding approximately to the 'perspective' view of a rectangle

rotated about a central axis (Fig 6.3).
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Graph 6.3.10
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This position produced more apparent oscillations than the other 3

positions for all of the trapezoidal shapes, although the increase

was not statistically significant (See Graphs 6.3.1 and 6.3.2).

The second most effective position for producing apparent oscillation

for all the trapezoidal shapes was with the exis of rotation central

(yx, = 6.1 : 641). As mentioned above, this position produced more

oscillations with the rectangle than any other.

These two 'central! axis positions together produced significantly

more apparent oscillations then the other 2 positions (p = 10%).

The results of this experiment, then, verified the hypothesis under

test. Both the height ratio and the axis of rotation position were

found to contribute to the illusion, with the height ratio having by

far the most signficant effect. The results obtained compared well

with predictions made by considering the elliptical loci of the

projections of the corner points of the rotating trapezoids,
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EXPERIMENT 4

PROJECTIONS OF A RECTANGLE

INTRODUCTION

The mathematical analysis above (Section 4, p 31) showed that the

projection of an actual rectangle when rotated about a central axis

and viewed at a distance of about 15 feet produced ea much less

exaggerated trapezoidal shape than that used by Ames. It was decided,

therefore, to investigate the percept resulting from viewing the

rotation of such a projection of a rectangle.

Four shapes were constructed, equivalent to the actual projections of

the 10" x 15" planar matt white rectangle used in El pattem, at

angles of 0c, 20% 40° and 60° respectively from the plane perpendicular

to the line of regard.

There was no particular theoretical concept under test in this experiment

- it was included purely for interest. It was, however, possible to

predict the outcome by considering the relative positions of the elliptical

loci of the corner points of the shapes used, as caleuleted and plotted

by TROT.

EXPERIMENTAL DESIGN

Four planar matt white shapes were constructed, equivalent to the actual

projections of a 10" x 15" rectangle at angles of 0°, 20°, 40° ana 60°

respectively from the place perpendicular to the line of regard. These

four shapes are shown diagrammatically in Fig.6.4.

The actual dimensions of these shapes are given in table 6.4.1. The

camera settings used when these shapes were filmed produced a magnification

of 2.5 x on the projection screen. The projected sizes of the four shapes

are also shown in table 6.4.1..

The speed of rotation used was 3 rpm throughout. Three male and three

female subjects viewed each of the four shapes. There were thus only

two factors being investigated in this experiment = projected shape of

a rectangle (4 levels) and sex (2 levels).
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Fig. 6.4

The 4 shapes used

in Experiment 4.
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Table 604.1

PROJECTIONS OF A 10" x_15" RECTANGLE VIEWED AT 15FT

Angle of Actual Dimensions

Rotation x, Vy Xp Yo

Oo

0 TS 500 oT65 520

20° 7.15 5.07 ~6.95 4.93

40° 5290 5.14 -5 060 4.87

60° 3.89 5019 3.62 4.83

Dimensions on Projection Sereen

x ‘1 XQ Ye

0° 18.75 12.5 ~18.75 12.5

20° 17087 12.67 alot 12.32

40° 14075 12.85 -14.00 120m

60° 9.72 12.97 = 9.05 12.07

The design for the two factor anelysis of variance may be summarised

as follows:

Factors

Shape

Sex

4 levels

2 levels

Thus there are (4) (2) = 8 treatment combinations.

The number of observations, n = 3 for all treatments.

Thus total

= AZO

(3) (8) = 24 observations.



Then the total sum of squares with (24 - 1) = 234£. can be partitioned

into the following components with degrees of freedom as shown at the

rights

Main effects A 3

EE

2 factor interaction Axc 3

Within treatment error 23-7 = 16 4.f.

°
Then Mia 0 CG = M

Be <= 20° Gan eee

Az = 40

Ag = 60°

RESULTS

The results obtained are summarised in table 6.4.2. (see p 92 for

details of the manipulation of the rew data).

Table 6.4.2
SUMMARY OF 3

’

Each cell entry is sum of n = 3 observations

Ay De ‘hy Ag ee

Cy 3 4045 3 26.37 36.62
C2 3 3 3 26.37 35.37

s 6 7.45 6 52074 72.19

A summary of the 2 factor analysis of variance is given in table

6.4.3. This shows that both of the factors investigated, as well as

the A x C interaction, had a significant effect upon the amount of

apparent oscillation produced. (a€0.001).

eye



Scheffé's test for miltiple comparisons (table 6.4.4) showed that shape

Ag (the 60° projection) produced significantly more apparent oscillations

than any other shape (a= 0.001). (In fact only one other condition

(Ap c,) produced any oscillations at all). The results ere summarised

graphically in graph 6.4.1.

Table 6.4

SUMMARY OF ANALYSIS OF VARIANCE FOR EXPERIMENT 4

Source of Sun of a.f Mean P

Variation Squares “"* | Square 7

Shape - A 267677 3 89.26 | 233.96] 0,001

Sex -C¢ 12.21 1 te.2k 32.01 0.001

Axc 11.86 3 3.95 10.36] 0.001

Within

treatments 6.10 16 0.38

Total 274.22 23

Graph 6.4.1

Percentage

Oscillations

% wok T T T T a

4——A F

Shape



eles

ys dpe > As » he » -2 i .2 |MSpi=
Comparison 6 7.5 6 5267 a a De Di? /ny Bt

Agvs Ay+ Ag+ A. a = et 3 12 |138.61219210 533063

Ay vs Ao 0 ea ° i 2 | 45.2] 2043 170.25

Table 6.4.4.

COMPARISONS BETWEEN SHAPES

Multiple Comparisons for Shape (A k =4 levels

n = 6 observations

s? = 0.38 (see table 6.4.3)

Tabled value of F for (k -1) = 3 and k (n-1) = 20 dof.

is F = 68.10 for = 0,001

Then for significance, MSp; > (k - 1) (F) (s?)

> 9.23 for = 0,001



DISCUSSION

This was the only experiment in which sex had a significant effect’

upon the results - i.e. there was a difference between the results

obtained with male and female observers.

There are two possible reasons for this. Firstly the numbers of

observers used was much smaller than in the previous three experiments;

and secondly, the error Mean Square obtained was very small. This may,

therefore, be a chance result. One could expect at least one anomalous

result in a series of experiments such as this.

Practically no apparent oscillations were obtained with the shapes

Ay to Az (the projections of the rectangle at angles 0°; 2075 and 40°

respectively). These shapes are all practically rectangular and the

graphs 6.4.2, 3 and 4 indicate the ambiguities of the loci of their

corner points.

Graph 6.4.5, however, shows that the 60° projection has become almost

recognisably trapezoidal, and the elliptical loci overlap by an amount

that makes apparent oscillation more likely (cf Graph 6.3.7) Oscillation

was, in fact, found with this shape.

Although there was no particular theoretical basis for this experiment,

the results obtained are consistant with predictions based on the

hypothesis tested in experiment 3.
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EXPERIMENT 5

WITHIN-S & BETWEEN-S VARIABILITY

INPRODUCTION

The hypothesis detailed in Section 4 (p57 ) suggested that those

shapes that were almost rectangular, end not obviously trapezoidal,

provided ambiguous cues as to the direction of rotation because of

the overlap of the elliptical loci of their corner points. When

viewing these ambiguous shapes, then, sometimes rotation and sometimes

oscillation would be seen.

This would result in both the between - $ and within ~- S variability

being greater for these shapes than for any others,

The results from E3 gave a larger standard deviation for shapes in

this category, but since only one observation was made by each S, the

within - § variability could not be tested.

It was decided, therefore, to run 4 separate experiment for this purpose.

EXPERIMENTAL DESIGN

Four subjects, each of whom was very familiar with the Ames illusion

and with the experimental set up (to avoid any possible learning

effects) were tested on each of 4 shapes on four consecutive days.

The 4 lengths of film were taken from E3, and were of planar matt white

shapes rotating at 5 rpm. The dimensions of the shapes used are shown

in Table 6.5.1 (usual notation).
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Table 6.5.1

DIMENSIONS OF SHAPES USED IN E5

Shape Actual Dimensions

¥4tV2 XyiXy

My 12:53. 6 Tele ‘ge S561

Ae 12. 9 Tetons 5.1

Ag 1055) <8 925 Tod et 5.1

Ay LOW 2210 ede? 5.1

Dimensions on Projection Screen

% *V2 X4 XQ

Ay 2558088 17.62 15.26 : 10.96

Ag 23.65 3 19.35 15.26 : 10,96

Ag 22.57 : 20.42 15.26: 10.96

Ag len £2165 15.26 : 10.96

The subjects thus saw a rectangle (Aq), an obviously trapezoidal shape

(A, ) and two intermediate shapes (Aj and A3).

The number of apparent changes in direction during a 2 minute trial

was taken as a measure of the illusion.

A randomised block design was employed (Edwards, 1969), with each S

being considered as a block.

Then the factors investigated may be summarised as:

Shape (A) 4 levels 3 d.f.

Days (D) 4 levels 31d.f,

AxD 9 4.f.

Blocks (S's) 4 levels 3 d.f.

es =



RESULTS

The results obtained are shown in table 6.5.2.

Table 6.5.2.

RESULTS OF EXPERIMENT 5

Each cell entry is 1 observation

Days Subjects 4) 2 As Ma om
1238 11:9 =-:105295 = -10:10

8 19 20 20 2 61

Dy Se 20 20 8 0 48

S3 20 19 19 4 62

Sg 20 10 aL 1 32

2 79 69 48 1

S4 20 20 10 2 52

Do Se 19 20 10 0 49

S3 20 20 20 4 64

S4 20 8 5 0 33

> 19 68 45 6

1 20 20 20 0 60

D3 Se 20 19 10 0 49

S3 20 20 20 3 65

Sy 20 10 19 2 iy

> 80 69 69 5

Sy 20 18 2 0 40

Dy Se 20 20 8 0 48

S3 20 20 20 2 62

Sy 20 20 18. 0 58

Zz 80 718 48 2

s 318 284 210 20 832
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The analysis of variance is summarised in table 6.5.3.

Table 6.5.3.

SUMMARY OF ANALYSIS OF VARIANCE FOR EXPERIMENT 5

Source of Sum of def. Mean P a
Variation Squares Sauare

Shape - A 3326.5 2 1108.83 67.67 | 0.001

Days -D 21.875 3 1629

A-x-D 90.625 9 10.07

Blocks (S's) 201.625 3 67-21 4.10 | 0.025

Error 7316375 45 16.39

(= Blocks x
treatments)

Total 4378 63

This shows that the outline shape again had the most significent effect

(a= 0.001) on the amount of apparent oscillation seen.

The day to day variation (i.e. the within - S variability) did not

produce any significant variation in the amount of oscillation seen.

The results obtained, then, showed that the observations made by each

individual subject were remarkably consistent from one day to the next.

This is illustrated in the graph 6.5.1-, which shows the number of

oscillations produced by each shape for each of the 4 days, for the

4 subjects separately.

The analysis of variance also showed that the between ~ subject

variability (Blocks) was significant at the 2.5% level. This can

also be seen from the graphs. The results for all 4 subjects are

remarkably consistent for both the trapezoid (Ay) and the rectangle

(Aq), but there is considerablp variation between subjects for the 2

intermediate shapes (Ag + A3)
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DISCUSSION

The hypothesis detailed in Section 4 ( p.57) anticipated that the

between-S and within-S variability would be greater for those

intermediate shapes that produced ambiguous cues to the direction of

rotation. This ambiguity can be defined in terms of the elliptical

loci of the projections of the corner points as the shapes rotate,

If those loci are close together, or partially overlapping, then the

apparent lengths of both the actually longer side and the actually

shorter side may be very similar for part of a revolution, and confusion

of the resulting percept will be inevitable.

The elliptical loci of the corner points of the 4 shapes used in this

experiment are shown graphically in E3 - see Graph 6.3.4, 6.3.6, 6.3.7

and 6.3.8.

The results of this experiment indicated that the perceptual inter-

pretations made by each individual subject were remarkably stable (i.e.

the within-S variability was statistically insignificant),

But the results obtained with different subjects did show a significant

variation (a= 0.025). However, this variation only occurred with those

intermediate shapes (Ag + A3) that were of special interest in this

experiment (see Graph 6.5.1). The results for all 4 subjects were

quite remarkably consistent for the obviously trapezoidal shape (A, )

and for the rectangle (Ag). The information provided by the projections

of these shapes, then, was unambiguous and resulted in a stable percept ~

either continuous oscillation with the trapezoid or continuous rotation

with the rectangle, (This was predictable from the graphs 6.3.4 and

6.3.8 - see comments in E3).

The results of this experiment, then, supported the hypothesis that

the between subject variability would be greater for those shapes

providing ambiguous cues to the direction of rotation. The perceptual

interpretations made by each individual subject, however, were found

to be more stable than was anticipated.

asics



EXPERIMENT 6

EFFECT OF FIXATION POSITION

INTRODUCTION

Preliminary experiments had indicated that the number of apparent

oscillations observed may vary with the point fixated on the rotating

shape. This was supported by several spontaneous remarks by S's in

later experiments, although all the S's were instructed to fixate the

centre of the shapes during the observation runs.

It was decided, therefore, to investigate this effect in more detail.

EXPERIMENTAL DESIGN

The effect of varying the point of fixation was investigated by using

the three different fixation positions indicated in Pig.6.6.1.

Fig. 6.6.1

L Fy = Fixate top of longer side

Ry = Fixate top of shorter side

Fo = Fixate centre
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Four different shapes were used, the dimensions of which are shown in

table 6.6.1. (usual notation). The 4 lengths of film were again taken

from E3, and were of planar matt white shapes rotating at 5 rpm.

Table 6.6.1

ONS OF SHAPES USED IN B6

Actual Dimensions

Shape V4 t¥9 X43%p

yO Loken 8 ete 4. 2500

A2 din, 3 9 et 2 5el

Ag 204 te 10) ete 8 5el

Ay 10 : 10 Gt 3 62

Dimensions on Projection Screen

M4 2 %4tXy

Ay 25.8 : 17.2 15.26 : 10.96

Ao 23.65: 19.35 15.26 : 10.96

Ag 2105': 22.5 15.26 : 10.96

Ag 21.5: 21.5 T5etd) Sele

Four subjects were chosen, each of whom was very familiar with

the Ames illusion and with the experimental set up being used, to

minimise any possible learning effects.

The experiment thus had a 3 x 4 factorial design, the factors being:

Shape (A) 4 levels Bidets

Fixation (F) 3 levels 2 det,

A randomised block design was agin employed, each S being considered

as one block. All 4 S's viewed each of the 12 different treatment

combinations, presented in random order in 3 sessions per subject.

(&.5 had shown that the day to day variation within subjects was not

statistically significant).
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The number allotted to each different treatment condition is indicated

in table 6.6.2, and the random orders for the presentation of each

condition to each subject are shown in table 6.6.3.

Table 6.6.2.

3 x 4 FACTORIAL DESIGN FOR §6*

Fixation Positions

Shapes Fy Fy Ry,

Ay 3

A2 6

Ag 7 8 2

Ag 10 11 12

*Note: Condition 10 = Condition 12

Table 6.6.3.

RANDOM ORDERS FOR PRESENTAT

5 S2 S3 Sq

1 1 2 3

6 6 10 4

2 1 9

1 8 3 Al

9 4 11 1

4 9 6 6

10 11 12 5

5 2 1 8

8 8 12

12 3 7 11

5 10 9 10

7 2 5 2
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The experimental set up was the same as that used in experiments 1 - 5.

A small light "pointer" was used by the experimenter to indicate the

fixation position required during each trial run. The instructions

given were to "follow this corner" (for Fy and x) or to "fixate the

centre, here" (for Fg)» and to depress the morse key whenever the

rotating shapes appeared to change direction.

The number of apparent changes in direction during a 2 minute run was

taken as a measure of the illusion.

RESULTS

The results obtained are shown in table 6.6.4. and the analysis of

variance is summarised in table 6.6.5.

Table 6.6.5.

SUMMARY OF ANALYSIS OF VARIANCE FOR E6

Source of Sun of a.t Mean F
Variation Squares rae Square a

Shape - A 3354.06 3 118,02 86.20 0.001

Fixation

position - F 40.87 2 20.44 1.57 0.25

A 11.62 6 1.94

Blocks - S's 17-73 5091

Error 428.02 55. 12.97
(=Blocks x

treatments)

Total 3852.31 47

This showed that the outline shape of rotating stimulus objects again

had a highly significant effect on the amount of apparent oscillation

observed (a = 0.001). But the fixation position used was significant

only at the 25% level, and the differences between subjects (blocks)

was statistically insignificant.
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Table 6.6.4.

RESULTS OF EXPERIMENT 6

Each cell entry is 1 observation

Fixation ; Shapes

Positions Subjects Ay i aS My >

4 5 10 4 2 21

Se 20 17 0 0 37

Fy 83 20 20 0 0 40

S4 20 20 0 0 40

2 65 67 4 2 138

S4 19 19 4 6 48

S2 20 20 4 2 46

Ry 83 20 20 0 0 40

Ss 20 20 0 0 40

= 13 to 8 8 174

S1 8 17 6 4 35

S2 20 20 0 0 40

R, S3 20 18 0 0 38

S4 20 20 0 0 40

z 68 15 6 4 153

) 212 221 18 14 465
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DISCUSSION

It was found that varying the fixation position did not have the

anticipated effect of altering the amount of apparent oscillation

perceived, since this factor was statistically significant at the

25% level only, and so many may well have occurred by chance.

This result is fortunate, since it indicates that possible slight

variations in the fixation positions used by all the subjects in

experiments 1 - 5 are unlikely to have influenced the results unduly.

All the subjects in these earlier experiments had been instructed to

fixate the centre of the rotating objects, but no definite indicator

@g. a black cross on the screen) was provided.
&

The mathematical analysis of the projection the rotating trapezoidal

shapes was based on an arbitrary fixation position at the centre of

each shape. The actual fixation position does not affect the projection

‘in the frontal plane, but it does affect the projection of the image

onto the retina. This was the main reason for central fixation being

chosen for these experiments, so that the results could be directly

compared with the computed projections of each shape.
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SUMMARY OF RESULTS

By far the most significant factor found to influence the amount of

apparent oscillation seen when viewing a rotating stimulus object was

the outline shape of that object. Every experiment carried out showed

this factor to be statistically significant at <0.001 level.

More detailed investigation of the effect of outline shape (83) showed

that for those shapes that were obviously trapezoidal (i.e. the

elliptical loci of their corner points were narrow, and well separated),

the actually longer vertical edge was alweys seen as the apparently

longer edge, and was therefore seen as the apparently nearer edge. These

shapes were therefore seen to oscillate.

But for rectangular shapes, where the elliptical loci overlapped

completely, the shapes were seen as continually rotating,

For the intermediate shapes, where the elliptical loci were either very

close together or partially overlapping, an ambiguous situation resulted

so that sometimes rotation and sometimes oscillation was seen. This was

found in all the experiments in which such shapes were used (B3, E4, ED

and H6). It was also found that there was more variation from subject

to subject with these shapes than with any others (E5).

Of the other sources of information contained in the rotating stimulus

objects, the speed of rotation seems to be the most important (£2). It

was found that over a moderate renge of speeds (say 4 to 16 rpm), the

speed of rotation had little effect on the amount of oscillation perceived,

But for slower speeds 'boredom', or lack of visual interest, could cause

spontaneous fluctuations in the direction of rotation seen (cf Necker's

cube and other reversible objects), And for faster speeds the perception

- interpretation - decision time was inadequate; the observations tended

to be grouped in spells of 5 to 10 seconds, of either complete oscillation

or complete rotation.
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It was found that surface pattern was very much a secondary source of

information in the interpretation of these rotating figures (B1). The

addition of 'window' or ‘shadow! patterns had little effect on the

amount of oscillation seen.

However, it should be pointed out that only 'extreme' shapes were used

in that experiment. Maybe with the more ambiguous outline shapes used

in £3, surface pattern may have had a more significant effect.

The point of fixation (E6) was found to have an insignificant effect

on the amount of oscillation produced.

The results in general, then, support the hypotheses detailed in

Section 4, which considered the relative importance of the various

sources of information available in the rotating stimulus shapes.

The main source. of information that was not investigated here was

the viewing distance. Limitations on the space available for

experimentation precluded this.

However, this factor will be considered in the next Section, where

the results obtained in this study will be compared with the published

results of other investigations.
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SECTION 7

EXPERIMENTAL INVESTIGATION

DISCUSSION

In this section, the results obtained in the

experiments just described will be discussed

in more detail, and will be compared with the

results obtained in similar studies by others.

The various parameters that may contribute to

the illusion are considered separately, including

some factors not specifically investigated in the

present series of experiments, The status of the

hypotheses proposed above will then be evaluated.
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SPEED OF ROTATION

One of the most significant parameters found in the present series of

experiments was the effect of altering the speed of rotation on the

amount of apparent oscillation produced.

It was found that over a moderate range of speeds (about 4 - 16 rpm)

the illusion of apparent oscillation produced by a rotating trapezoidal

object is a stable and repeatable effect.

At slower speeds visual "boredom ' can confound the illusion; if the

stimulus is even slightly ambiguous, (eg. with a rectangle) the

percept will alternate between possible interpretations, providing a

more interesting scene than the single interpretation.

The experiment also indicated that observation became difficult

with speeds of about 35 rpm. The range of speeds between 16 and 35

rpm was not tested so the actual changeover point from consistent

to variable responses cannot be estimated. But with speeds as high

as 35 rpm the number of possible reversals were more than one per

second - i.e. the interpretation - decision - reaction time was less

than one second per reversal. Although such an interval may be

adequate for a single decision, it is postulated that this cannot be

maintained for more than a few seconds. This should be compared

with the maximum decision rate of about 0.5 sec per decision possible

for the human neural system (Gregory, 1970').

Subjects used in E2 reported spontaneously that they were soon

completely confused by objects rotating at 35 rpm, and their observations

tended to be grouped in spells of either complete rotation or

oscillation, these spells lasting 5 - 10 secs each. Several subjects

actually called out "Slow down!" (or some such), and reported

afterwards that they felt they just did not have time to decide what

it was they were seeing.

Ames suggested speeds of 3 - 6 rpm as optimum for viewing the

illusion, but he provides no quantitative evidence for this. Only

two other studies have systematically varied the rotation speed.
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Zegers and Murray (1962) carried out a detailed series of experiments,

investigating several parameters of the illusion. In the first two of

their experiments they used rotation speed of 4 (or 5) rpm, 30, 60 and

90 rpm. For their subsequent experiments they used 30 rpm only. ~

Zegers and Murray make no comment about the effects of increasing the

speed of rotation, but from their tabulated results it is clear that

100% oscillation was found with their obviously trapezoidal shapes at

all speeds; and rotation was seen with the rectangle at the slowest

speed; but for the intermediate shapes, the number of 'reversals!

increased as the speed increased until sometimes 100/ reversals were

obtained with the rectangle at 90 rpm. It should be noted that:

"The non-quantitative comments of the

subjects indicated that, at the higher

speeds, the predominant illusion with

the rectangle was an in - and - out

pulsating, accordian effect"

(Zegers and Murray, 1962 p19)

Similar 2-dimensional "pulsating" effects were found by Mulholland

(1956) with various shapes rotated at 78 rpm. In the same paper,

Mulholland describes a brief investigation of the effect of speed

of rotation on a trapezoidal window and a rectangular window,

carried out using small (3.5" diameter) shapes viewed at 9 feet.

He found that between 12 - 15 rpm, the perceived motions were

predominantly those reported by Ames. When the speed was increased

to 27 - 30 rpm, the rectangle was seen as rotating and the trapezoid

as oscill:ting, but these motions were not as frequent nor as

persistent as they were at a slower speed. Some of the time, the

rectangle was seen to oscillate and the trapezoid to rotate.

Expansion - contraction of both figures in the fronto-parallel plane

was also perceived.

At 90 rpm, the regular motions described by Ames were seldom perceived.

Apparent oscillation of both stimulus objects was very frequent and

persistent, as was expansion - contraction.

YS



It is difficult to understand why so many investigators have used

rotation speeds of 30 rpm or more, particularly when they claim to

be investigating the 'Ames illusion', and Ames recommended much

slower speeds.

But the results obtained in this investigation (£2) appear to be

confirmed by the qualitative comments of others - that at high

speeds (>20 rpm, say) the nature of the illusion changes. It is not

such a stable and repeatable effect, and other illusory types of

movement are seen besides regular apparent oscillation - eg. in and

out pulsation, irregular oscillation etc.

This phenomenon is almost certainly a function of perceptual -

processing - decision - time.

Investigators using these higher speeds must, therefore, be said to

be examining a related, but different, illusion.
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_ SURFACE PATTERN

Ames (1951) described the mullioned window of Fig.4.1 as the "most

effective" in producing apparent oscillation rather than veridical

rotation. He offers no quantitative evidence to support this

conclusion, but in an appendix to his monograph, he illustrated some

of the patterns that were tested (Fig. 7.1 ) and described their

effectiveness:

"It was found that white plane surfaces

(see Fig. 7.1, row a), although they
"produced" alteration of the observer's

perception, were least effective,

irrespective of the degree of trapezoidal

variation; that more effect was "produced"

by the frame-shaped surfaces (see Fig.
Jel, row bd); still more when mullions were
added (see Fig. 7.1, row c); still more

when shadows were painted on the surface

to represent a three-dimensional window

frame (see Fig. 7.1, vow d); and still more
when there were more mullions or panes (see
Fig. 7.1, row e). It was also found that
larger trapezoids produced more unequivocal

effects than smaller ones."

(Ames, 1951, p.29)

The experiment reported here (E1) indicated that surface pattern

did have a significant effect upon the amount of oscillation

produced, but the detailed comparisons of the various treatment

conditions did not indicate the nature of that effect.

Although there was a significant difference between the pattern

producing most oscillations, and that producing least, there was

certainly not a gradual increase in the amount of oscillation

with increasing pattern information. In fact the planar white

unpatterned shapes (Pl) produced just as many oscillations as the

shapes with full window and shadow patterns (P7) when the trapezoids

alone were considered (see Fig. 6.1.1). With the rectangle, however, P5

produced far more oscillations than any other pattern; there is no obvious

reason for this - it may just be a chance result. i

Gradually increasing the amount of information provided by the surface

pattern, then, did not produce the systematic increase in the emount of

oscillation suggested by Ames. In this experiment, outline shape was

shown to be a far more important source of information.
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Fig. 7.1

(From Ames, 1951)
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The 'shadow! effects used in El were similar to those illustrated by

Ittelson (1952) (see Fig. 3.2), but with the pattern inverted so that

the darker shadow was at the top of each 'window pane'. This made

the pattern consistant with typical ‘'sunlight' shadow - i.e. with

light incident from above, rather than below. Other investigators have

copied Ittelson's pattern (eg. Graham, 1963, 1965; Allport and

Pettigrew, 1957; Spitz, 1964).

Surface pattern was one of several parameters of the illusion to be

investigated in the series of experiments by Zegers and Murray (1962).

In their second experiment they found that the addition of a 'six

window! pattern did not significantly affect the illusion.

In a further experiment (experiment 3) they investigated the effect of

various different types of surface pattern, including stripes and dots

(see Fig. 7.2).

The patterns were luminous and viewed against a black background.

They found that there was no significant difference in the amount of

oscillation produced, even by the obviously 'unbalanced' pattern with

horizontal stripes on one side and vertical stripes on the other.

There were, however, wide individual variations and certain aspects

of their experimental procedure may cast doubt on the usefulness of

their results - they used very long viewing sessions (about one

hour each), every subject viewed every condition, and they used a

speed of rotation of 30 rpm throughout. They admitted there were

‘numerous occurences! of types of motion other than oscillations or

rotations. This was probably due to the high speed of rotation used.

Yet another type of surface pattern was investigated in Zegers and

Murray's fourth experiment.
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Fig. 7.2

PATTERNED TRAPEZOIDS USED BY

ZEGERS AND MURRAY, Experiment 3

PATTERN

H-H

v-V
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SOLID

Dors

SIDE 2

-170-



Fig. 7.3

This was a grey trapezoid shape painted onto the white trapezoid,

whose angle of slant was opposite to that of the outer trapezoid

(Pig. 7.3). They anticipated that the opposing directions of slant

of the inner and outer trapezoids would negate the effect of

perspective in the production of the illusion as the trapezoid was

rotated. But again there was no significant effect, from which

‘they concluded : E

",..that subjects viewed the trapezoid

as a whole, and that patterning was

reduced to a subordinate position"

(zegers and Murray 1964 p.10)

Zegers and Murray seemed determined to find some type of surface

pattern that affected the illusion, in accordance with Ames! description.

In a fifth experiment, they used the patterns shown in Fig.7.4, and

they found that there was a significant effect. The Ames pattern

always produced the highest number of reversals, and the ‘reversed!

patterns produced fewer reversals than the others.

But again every subject viewed every condition of the experiments

(see comments on p 204 ), and the same high speed of rotation

(30 rpm) was used.

The effect of surface pattern, was also investigated by Day and

Power (1963, 1965). They used a mullioned window similar to, but
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Fig. 7.4

Patterned Trapezoids used by

Zegers & Murray, Experiment 5.

PATTERN

S (SOLID)

°o (OUTLINE)

> (AMES)

H (REVERSED HOLE)

W (REVERSED WINDOWS)
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about half the size of, that used by Ames; a pattern of vertical bars;

and a plain white surface (see Fig. 7.5(1)).

Day and Power found that these surface patterns had no significant

effect which, they suggested, is contrary to expectancy from the

transactionalist hypothesis. This is not, of course, strictly true

since Ames suggested that it was familiarity with rectangles per se

(which may be of any colour or surface pattern) rather than familiarity

with a particular window pattern that wes important. However, Ames did

emphasise that increasing the amount of 'windowness' increased the

strength of the illusion.

Further experiments by Power and Day (1973) investigated the effect of

surface pattern with elliptical shapes. Their revised theory (based

on Day, 1972) suggested that mis-interpretation of cues to orientation

results in mis-perception of the direction of movement; they tested

this theory by investigating surface pattern as a cue to orientation

direction.

The patterns used are shown in Pig.7.5(2). They predicted increasing

amounts of oscillation as surface pattern became more misleading; thus

they expected an increase in the frequency of reversal with patterns

1, 3, 2 and 4 respectively. This prediction was verified by the

results obtained.

|
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Fig. 7.5.(1)
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Power and Day stated that "the outline stimulus was eliminated by

using elliptical objects" (p.218), but how this is so remains

unexplained. However, this does suggest that when outline shape

provides a less compelling cue to direction of movement, surface

pattern becomes more important.

Wallace and Cramer (1975) extended the experiments of Power and Day

(1973), investigating the effects of the same surface patterns

(Fig.7.5 (2)) with circular targets as well as ellipses; they

obtained very similar results, but the circles always produced fewer

reversals than the elliptical targets.

A variety of cutout shapes with and without artificial shadows were

used by Cross and Cross (1969) (see Fig.7.6).

Ol Do

OO..0. 0.0 | ee

They found that 'shadowed' and 'perspectived' (sic) objects produced

more illusory reversals than those without. But they used small

objects (2" diameter) at a reasonably long viewing distance (10 feet)

providing practically parallel projection, so that a high percentage

of spontaneous reversals could be expected with all the shapes used.

The percentage of reversals obtained by Cross and Cross for the

various different shapes covered a narrower range than that obtained

in most other studies, and although their results were significant at

p<0.01, most workers have achieved significance levels if p<0.001

or better.

The validity of their results may also be challenged because of the

high speed of rotation used (33} rpm). Their results probably

reflect the difficulty experienced by the subjects in making their

judgments.
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The effect of a somewhat different type of surface pattern was
investigated by Zenhausern (1969). He had previously shown

(Zenhausern, 1968) that an illusion of rotation could be obtained

with a trapezoid oscillating through an angle of 120°, with its

shorter end in the frontal plane (the method of achieving this

oscillation, and whether or not it was simple harmonic is not clear).

The two illusions (i.e. illusory rotation and illusory oscillation)

were compared with respect to 'perspective' and distance; the

perspective was provided by the cutout patterns of 'windows' in the

two targets, the external dimensions of which were identical. The

patterns used are shown in Fig.7.7. It was thought that since the

internal configuration of the 'C' trapezoid enhanced the external

shape (i.e. the window decreased in width and height, as did the

internal mullions from large end to small end) it provided more cues

to perspective than target 'A'.

He found that with the condition of veridical rotation, the C target

produced significantly more reversals than target A, but with veridical

oscillation target A produced more illusory experiences (rotations)

than target C.

Zenhausern concluded from this that "increases in perspective result

in increases in the perception of oscillating targets and decreases

in perspective result in increases in the perception of rotation

with oscillating targets" (his emphasis).

These somewhat ambiguous findings are subject to the same criticism

as those of Cross and Cross (1969) in that the targets were rotated

at 31 rpm (or oscillated at 62 opm). The number of illusory

experiences, either actual or expressed as a percentage, were not

given by Zenhausern, so that comparison with the results of similar

studies is not possible.

The general conclusion from these various studies, then, is that

surface pattern per se does not effect the illusion of apparent

oscillation produced by a rotating trapezoidal target.

But it should be noted that practically all the shapes used have

been either exaggerated trapezoids, or rectangles, such that the
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Fig. 7.7

(From Zenhausern, 1969)
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projective transformation undergone by the corner points provided

unambiguous cues as to the direction of motion. Had the shapes used

been more ambiguous (eg. height ratios of 11:9 or 10.5:9.5) then the

addition of surface pattern may have had a more significant effect.

It was suggested earlier (p 60 ) that painting symmetrical shadow

patterns on both sides of the trapezoid may add to the oscillation

cues; but it has been shown that removing these shadow patterns, or

even replacing them with conflicting patterns on the two sides of the

trapezoid (Zegers and Murray, 1962) does not reduce the amount of

oscillation.

Surface pattern, then, is of minor importance in the perception of

the illusion.
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SHAPE

Outline Shape (1

The experiments reported here indicated that the most important single

factor in producing the illusion of apparent oscillation was the

outline shape of the object.

Ames' (1951) claim to have found the 'most effective' shape for

producing apparent oscillation was not verified since the more

exaggerated trapezoidal shape used (Tl) consistently produced more

apparent oscillations than did the Ames shape (T2).

The detailed investigation of the effect of altering the outline shape

(83) indicated that for those shapes that were obviously trapezoidal

(i.e. the elliptical loci of their corner points were narrow, and well

separated), the actually longer vertical edge was always the apparently

longer edge, and was therefore seen as the apparently nearer edge.

These shapes were therefore seen to oscillate.

But for rectangular shapes, where the elliptical loci overlapped

completely, continuous rotation was seen.

For the intermediate shapes, where the elliptical loci were either

very close together or partially overlapping, an ambiguous situation

resulted so that sometimes rotation and sometimes oscillation was seen.

The only other study to vary the trapezoidal shape systematically was

that of Zegers and Murray (1962).

In their first experiment, Zegers and Murray used the four shapes shown

in Fig.7. 8, and viewed at 15 feet.

13.25

Fig. 7.8
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For the slower speeds used, they found that the three trapezoidal shapes

produced systematic oscillations, whilst the rectangle was nearly always

seen to rotate.

The effect of trapezoidal slant was investigated in more detail in their

2nd experiment, in which the length of the shorter side was reduced more

gradually, being respectively 12, 11, 10, 9 and 8 in. It was found

that the percentage of reversals increased as the ratio of the vertical

edges increased, with continuous oscillation being observed with ratios

of 13: 11 or more.

This result could be predicted from consideration of the elliptical

loci of the corner points of the shapes used. Fig.7.9 shows plots from

TROT of the shapes with height ratios 13 : 11 and 13 : 12 used by

Zegers and Murray. With the first shape, the loci are separated and

unambiguous, but with the second shape they are practically touching

and so providing ambiguous information. In this case sometimes

oscillation and sometimes rotation would be seen - which was found by

Zegers and Murray.

Outline Shape (2)

The existance of an illusion of apparent oscillation with shapes other

than a trapezoid has been demonstrated by several studies, the aim of

most of which has been to disprove the transactionalist theories of

Ames et al.

Pastore (1952) reported that oscillations occurred with small circles,

ellipses, triangles, and several other shapes, but he gave no indication

of the frequency of reversals. Mulholland (1956, 1958, 1963!) found

both regular and irregular oscillations, as well as expansion -

contraction and figure ground reversal with similar small shapes

rotated at 78 rpm. Both these results were almost certainly due to

the small objects producing near-parallel projections (and therefore

ambiguous information) at the long viewing distances used.

Day and Power (1963, 1965), Braunstein and Payne (1968), Cross and

Cross (1969) and Wallace and Cramer (1975) have all compared the

amount of oscillation produced by circles and ellipses, and all have
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Fig. 7.9

Projections of Shapes used

by Zegers & Murray (Experiment 2)
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found that ellipses reverse more frequently than circles (but less

than trapezoids). The reasons for this are unclear, and none of

these studies have offered an explanation.

'Partial' Shapes

Several studies have been concerned to find factors contributing to

the illusion by analysing it in terms of lines or angles rotating

about a vertical axis.

Power (1967) considered that there were two basic cues giving information

as to the true direction of rotation provided by rectangular shapes.

These were: (1) the changing relationship between the vertical ends of

the object; (2) the changing relationship between the horizontal edges.

There were also two secondary cues: (3) the changing relationship

between the edges parallel to the axis of rotation; and (4) the changing

relationship between the edges perpendicular to the axis of rotation.

The six shapes shown in Fig.7.10 were produced to investigate the

relative importance of these various cues, and from the results obtained

Power concluded that the cue to trve rcation direction for a rectanguler

shape is the 'seesaw' motion of the edges perpendicular to the axis, and

that the relative size change of the edges parallel to the axis is

super

caeLy fu : Fig. 7.10

(From Power, 1967)



ineffective as a cue to direction of rotation.

Murch (1970) considered that, whilst the irregular sides employed by

Power (1967) may have reduced the effectiveness of each cue, it may

not have eliminated then. He suggested that Power's experiment could

be re-interpreted to mean that the orderly transformations in the

rotating figures provide perspective cues.

Murch produced the series of figures shown in Fig.7.11, which was

designed to test further the effectiveness of the size and 'see-saw!

cues. From his results (also shown in Fig.7.11) Murch concluded that

the cues provided by orderly changes in perspective (provided by the

transformation of the line elements within the target) may be the most

important indicators of true rotary motion.

Fig. 7.11 (Fron Murch, 1970)

Figure object

t 7 | | i L ri6 1 -=-‘Measurement ' v 1 1 1 |
' a ‘ i

jan i ‘ : ' ae I
1°

! ‘ ' 1 : |
' 3 4 s 6 7

M $8.93 11.32 17.21 15.04 6.61 21.82 17.18
SD 8.00 9.23 10.28 1.51 5.53 8.56 11.02

"As a known object rotates in space, certain

orderly transformations in the relationship

between elements of the figure, and the figure

and background, can be noted. These changes

would include perspective changes and relative

size changes of the elements of the target.

From these changes the observer develops @

perception of rotational direction. The frequency

with which observers fail to properly perceive the

motion of the object would depend upon the relative

strengths and clarity of the transformation of the

elements of the objects. If the shapes are unknown,

irregular, or circular, then these transformations

are necessarily ambiguous."

(Murch, 1970, p.85)

Murch does not develop this idea further, but obviously his concept

is very similar to that developed in detail in this study.

- 182 -



The information available for determining the rotation direction was

analysed in a different way by Braunstein (1971). The three sources

of information that he studied were the angles which the vertical

contours form with the horizontal contours, the relative extents of

the vertical contours and the position of the axis of rotation

relative to the vertical contours. The forms used are shown in

Fig.7.12.
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‘ The 18 forms. (The Ss viewed white forms

Fig. 7.12 against a black background. The axis of rotation
A was cither midway between the vertical lines or

(From Braunstein, 1971) displaced to the right.)

Braunstein found that accuracy of direction judgments was highest

for the form most similar to a rectangle, and lowest for the forms

most similar to a trapezoid (Forms h and o, Fig.7.12)

It was also found that accuracy was greatest for forms containing

right angles, even when the vertical contours were unequal, and

lowest for forms in which one vertical contour was enclosed in

acute angles and the other in obtuse angles, even when the vertical

contours were equal. Within angle relationships, accuracy was
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generally greater when the vertical contours were equal.

But as Zegers and Murray (1962, p.9) pointed out, it is the perception

of the whole rotating shape that is important, not just isolated parts

of it. It is unlikely that the visual system analyses the stimulus

into its horizontal, vertical or angular components in this sort of

way. It is the continuous transformation of the whole shape that is

important, and as was shown earlier, the projective transformation of

every point on the object depends upon its three-dimensional relationship

to the viewing point (ie. x, y, and D locate the point in 3 - dimensions).

It is the subtle differences in the continuous perspective transformations

between different points on the object that provide the cues to motion

direction.
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JUDGEMENT OF SLANT

Several writers have considered the illusion of apparent oscillation

produced by a rotating stimulus object to be either due to, or to f

result in, a misjudgement of the angle of slant relative to the fronto-

parallel plane. Consequently several measurements have been made of

the ability and accuracy to judge slant.

Judgement of slant has been considered in general terms in studies

such as those of Freeman (1965) and Flock (1964, 1965).

The apparent orientation of a static trapezoidal window and five

other shapes, was judged in an experiment by Day and Power (1965).

They found that when the true orientation was at either 60° or 120°,

the apparent orientation of an ellipse, rectangle and three irregular

shapes was approximately correct. But the trapezoid window was always

judged such that its longer edge was seen as closer.

In a further experiment (Day and Power, 1965) judgement of the apparent

orientation of objects in the frontoparallel plane was followed by

assessments of the initial apparent direction of movement, immediately

efter the various shapes started to rotate. It was found that the

relationship between judged orientation and judgements of initial

direction of motion achieved significance only for the trapezoidal

shape, and not for any other shape giving similar frequencies of

apparent oscillation (eg.ellipse or irregular shape).

Day and Power concluded from this that although misperception of

orientation resulted in misperception of initial motion direction for

the trapezoid window (as Pastore, 1952, had suggested), it was not a

necessary condition for the misperception of motion direction, since

it did not occur with all shapes.

A similar experiment by Cook, Mefferd and Wieland (1967), compared

judgements of orientation of static figures in 6 different positions

(120°, 135°, 150°, 210°, 225°, 240°) with judgements of the initial

direction of rotation.

They found that 90% of these judgements with all the figures were in

agreement (ie. both veridical or both non-veridical).

Cook et al suggested that the discrepancy between their results and

those of Day and Power was due to the fact that the latter's shapes
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were initially situated in the frontoparallel plane. Mefferd et al

(1966) had previously shown that spontaneous apparent reversals in

depth occurred only when there was an actual difference in depth

between points on the object - not in the frontal plane. This was

verified to some extent by the results of Cook et al's second

experiment, in which they found that apparent reversals never occurred

in the frontal plane.

However, an experiment by Catchesides (1969) had measured the apparent

stop and re-start positions for both a rotating trapezoid and an

oscillating rectangle. It was found that the mean of these (for both

shapes) consistently occurred in the frontal plane.

Similar results were obtained in preliminary experiments for} Sresent
study when the polaroid transducer and pen-recorder mentioned in

Section 5 (p.79 ) were used to measure the apparent stop and start

positions. Again the mean of these occurred in the frontal plane.

If Cook et al had measured the stop position as well as the re-start

position, they would probably have obtained similar results.

The 'planes of apparent reversal! were used as a measure of the illusion

in a study by Freeman and Pasnak (1968), in which various parameters

were investigated. They used small targets rotated at 30 rpm, but since

they give no indication of the frequency of apparent reversal, it is

difficult to compare their data with thetobtained by others.

The plane of apparent reversal was also measured by Olson (1974). He

used a variety of trapezoidal shapes, computed as geometrical project.ons

of rectangles at specific inclinations to the line of sight.

Olson measured the plane of apparent reversal for the rotating trapezoids,

and the apparent slant of the same trapezoids when stationary; he seemed

surprised to find a close correlation between the two measures.

But surely this result was predictable. Apparent reversal would occur

when the trapezoid reached its maximum width horizontally (ivey

perpendicular to the line of sight, for most viewing distances). This

is the same position as that used for judging static slant, so that we

could expect the apparent position of the trapezoid to be the same in

both cases.
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A more significant finding was the close correspondence between

perceived, and perspective - implied, slant for all the shapes used.

But these relationships do not indicate why the trapezoids should

appear to oscillate. Judgements of apparent slant with targets a

few degrees either side of the frontoparallel plane may provide

some interesting data.

Investigations that have compared judgements of object slant with

judgements of initial direction of rotary motion have failed to

distinguish the essential difference between judgement of a static

display and judgement of a continuously moving one.

The judgement of a static display can be infinitely ambiguous, since

any static pattern of light reaching the retina can represent an

infinite number of objects.

But as soon as that object moves, the number of possible interpretations

is drastically reduced, since the projection of the object can vary only

in particular very limited ways for certain kinds of relative movement.

The sources of information utilised by the perceptual system, then, in

interpreting the two situations, are probably very different.
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OUTLINE SIZE AND VIEWING DISTANCE

These two factors will be considered together, since they determine

not only the angular size of the rotating stimulus objects, but also

the projective transformations that those objects undergo.

The various trapezoidal shapes used in other studies have all been

based (more or less) on Ames original shape, but with significant

variations in the overall size and viewing distance.

The computer program TROT was used to plot the elliptical loci of

the projections of the corner points for each of the shapes used in

these various studies. From the graphs, the type of motion seen

could be predicted; these predictions were then compared with the

actual results obtained. Frequent reference will be made to these

graphs; in general, it can be said that there was wide agreement

between the predictions and the results.

Viewing Distance

The viewing distance used in this series of experiments was kept

constant through-out at 12.5 feet. This was shorter than originally

intended, but was limited by the size of the room available for filming

and viewing the various trapezoidal shapes.

Most studies have used viewing distances of 10 feet or more, although

some have used considerably less than this (eg. Day and Power (1963

et seq) used 52 inches).

Several investigators have compared the effects at two different

viewing distances - usually 10 feet and 20 feet (eg. Allport and

Pettigrew, 1957).

The main studies investigating the effect of viewing distance on the

rotating trapezoid illusion have been by Zegers and Murray (1962),

and by Braunstein and Payne (1968).

Braunstein and Payne introduced the concept of 'perspective!' as a

means of expressing the relationship between viewing distance and

the size of the object.
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'Perspective' was defined as:

"the ratio of the projection of e unit

distance on the nearest part of the

figure, to the projection of the same

distance on the most distant part of

the figure"

(Breunstein and Payne, 1968, p.400)

It may be useful to compare this with the equations to the projection

of a rotating trapezoid derived earlier (Equation T.Pe, P. 34 De

We had;

x," = Dx cos 0 y,' = Dy,

D- x,sin 8 D-x,sin 8

ws ' =Xp Dx,cos 8 Yo Do

D+x,sin e Dixysin 8

' = i
Then yy 42 D +X, sin 0

y' Yo D- x sin 9

Then 'Perspective! = D+ Xp sin 6

D - x, sin 0

a when 6 = 90°

Thus the ratio of the apparent heights of the two sides when edge-on

to the observer is equal to the ratio of the actual heights of the two

sides, multiplied by the 'perspective'.

The effect of perspective upon the perception of a rotating rectangle

trapezoid, circle and ellipse was investigated by Braunstein and Payne,

using computer - generated 16 mn motion-picture sequences. Perspectives

of 1.00, 1.25, 1.50, 1.75 and 2.00 were used, at a speed of rotation

of 8 rpm.

They found that the Ames effect - perceived rotation of the rectangle

and oscillation of the trapezoid - occurred at the 1.25 perspective,

but with parallel projection a high proportion of oscillations and

incorrect rotations were obtained with all shapes. At the greatest

perspectives (1.75 and 2.00) almost all responses for both figures
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were correct.

Figure 7.13 illustrates the projective transformations of the corner

points of the trapezoid used by Braunstein and Payne, with 'perspectives'

translated to equivalent viewing distances.

The ellipses produced at 1. 25 perspective (Fig.7.13 (b)) are quite

narrow, and therefore unambiguous, so that constant oscillation would be

predicted; but for higher perspectives the width of the ellipses provides

adequate information for the true direction of rotation to be determined.

(Similar graphs were obtained for the rectangle used).

Zegers and Murray (1962, experiment 3) studied the effect of viewing

distance by viewing a 13 inch trapezoid at ten different distances,

ranging from 3.5 feet to 17 feet. (The speed of rotation used was

again 30 rpm).

They found that the amount of oscillation increased as the distance

increased, up to 11 feet, and then remained fairly constant,

Again, this result could be predicted from Fig.7.14 (from TROT), by

considering the vertical diameters of the elliptical loci of the

corner points,

It has been shown, then, that viewing distance has a significant effect

upon the perception of the illusion. Several writers have interpreted

this finding as an indication that the angular subtense of the rotating

stimulus object is a significant factor in the illusion. We will

return to this idea shortly.

Outline Size

There have been many variations in the size of the objects used for

experiments on apparent oscillation, ranging from about 2 inches to

over 30 inches diameter.

With the smallest shapes, near-parallel projection is likely so that

some apparent oscillations are probable with any shape. But it has

been seen that for larger shapes, it is the relationship between size

and distance that is important in determining the continuous perspective

transformation of the rotating object.
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Fig. 213
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A further experiment by Zegers and Murray (experiment 3, part 2)

investigated the effect of altering the outline size with a

constant viewing distance of 11 feet. They constructed a set of five

different trapezoids, each of which subtended the same visual angle

(at 11 feet) as the trapezoid in part 1, viewed at five different

distances.

They found that the amount of oscillation increased as the size of

the trapezoids decreased for the 2 largest shapes, and then remained

fairly constant.

Again, this result is predictable from consideration of the loci of

the corner points of the trapezoids (Fig.7.15).

Zegers and Murray combined the results from parts 1 and 2 of their

experiment, and concluded that the important factor affecting the

amount of oscillation was the visual angle subtended by the trapezoids.

But it is not visual angle per se that is important. Comparison of

Figs.7+14 (a) and 7.15 (a) (Zegers and Murray trapezoids subtending

equal visual angles) indicates that the nature of the ellipses is the

same in both cases. (Fig. 7.15 (a) is a magnification of Fig. 7.14 (a)).

Thus consideration of visual angle alone masks the important parameter ~

i.e. the projective transformation - which is dependent upon both size

and distance, and is thus dependent only indirectly on visual angle.

To illustrate this point, the angular sizes of various trapezoids used

in other studies are tabulated below, (Table 7+1), together with an

indication of the type of motion observed. It can readily be seen that

there is no consistent relationship between the two factors.

Parallel Projections

It was seen earlier that when the viewing distance becomes infinitely

great, then conditions of parallel projection obtain and the cues to

the direction of motion will be infinitely ambiguous regardless of

the size of the object (the elliptical loci of corner points become

straight horizontal lines in this case).
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Fig. 7.15

Projections of 5 different

trapezoids used by Zegers

& Murray (1962, E3, part 2),

subtending same visual angles
TRAPEZOID PROJECTION

as those shown in Fig. 7.14 (a): XS ied Gaye 14.30

XZ=—11- 98) 42s" 9.69

D= 11.00 FEET

Ta |
y Aad mio

22
THE

it

else 2 ES
Tre x RS uot

#
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Table 7.1

ANGULAR SIZE AND MOTION SEEN FOR PARTICULAR TRAPEZOIDS

AUTHOR ANGULAR SIZE MOTION ILLUSTRATION

(DATE) Sect OF SHAPE
aa * FIGURE NUMBER2¥y * 2ygt (x45) ( )

Ames 10° e 9° | oscillation 4.1

(1951)

Zegers & Murray 53° 4° 6° | oscillation| 7.14 fc
(1962) and 7.15 (c¢

" 12° 8° 12° | mainly 1.14 (a
rotation and 7.15 (a

Day & Power 130 7 10° | only 50° 7.18
(1963) oscillation|

Braunstein & 238° 15° 184° | oscillation] 7213 (b)
Payne 6 o

(1968) 234° 15° = 168° | rotation 7213 (a)

: ‘° ° ° i ;Catchesides 9 ti 10 oscillation] 6.3.5
(1975)

- 19% -



This is equivalent to the situation with Lissajou's figures, and some

spontaneous reversals of the direction of apparent movement would be

expected.

It is also equivalent to the situation used by Gregory (1970) in

pack-projecting rotating wire objects or silhouettes which appear to

change their direction of movement spontaneously.

Parallel projection was effectively the viewing condition used by

Pastore (1952), Cross and Cross (1969) and Mulholland (1956 and 1958),

when small targets were viewed at large distances. The ambiguity of

the projections obtained resulted in spontaneous oscillations being

observed with all the targets used - including rectangles. Other types

of motion were also seen - for example, two dimensional pulsation and

irregular oscillations. Figure 7.16 is typical of the graphs obtained

for these shapes.

As mentioned above the computer-generated display produced by Braunstein

and Payne (1968) resulted in at least 50% oscillation being observed

with all shapes when parallel projection was used.

A study by Graham and Gillam (1970) was designed to test Graham's (1963)

hypothesis that reversals of the trapezoidal window are due to the

resolution of ambiguous differential angular velocity cues by utilising

linear perspective cues.

Criticism of Graham's earlier paper was recognised by emphasising that

the differential angular velocity cue was only ambiguous for parallel

projection; consequently they attemptea to use parallel projection

for the investigation, by using back projection onto an opal glass

screen.

But in fact they were forced to use a divergent beam of light (rather

than a parallel one) because of spherical aberration produced by the

simple optical system used. |This is a common difficulty in experiments

using back projection; many authors (studying, for example, kinetic

depth perception) assume that any back-projection system is equivalent

to parallel projection, which of course is not so. The only simple

way of achieving a large aberration free field of view is to used a

large aperture parabolic mirror, such as that used by Gregory (as7a] .
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Fig. 7.16

(Mulholland, 1956)
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Graham and Gillam found, as predicted, that oscilletions occurred

regularly and systematically twice per revolution in the frontal

plane; they also assessed the position of the shorter side during

two consecutive revolutions and found that it was always apparently

further from the subject. This data provided evidence to support

Graham's (1963) theory, and contradicted Day and Powers (1965)

hypothesis that the "spontaneous" nature of reversals preclude a

dependence on cue resolution by linear perspective.

Monocular/Binocular View

Practically all the studies carried out at viewing distances of 15 feet

or less have used monocular vision, whilst those above 15 feet have

used binocular vision. In general, no reasons have been given for this

choice, beyond some occasional references to the role of retinal

disparity as a depth cue (see, for example, Gibson, 1950; Graham, 1965).

Only one experiment has compared monocular/binocular viewing at the same

(15 feet) distance, (Zegers and Murray, 1962, experiment 1). No

significant effect was found

Qualitative comments from various studies suggest that the differences

between monocular and binocular viewing may be summarised as in Fig.7.17.

Rotating

Trapezoid

monocular D.

no illusion ,.
binocular

no illusion 3
monocular

|

Sees binocular z
illusion

Fig. 7.17

Effect of monocular/binocular viewing on
the illusion of Apparent Oscillation
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Thus the illusion breaks down at a longer viewing distance with

binocular vision than it does with monocular vision; but the actual

values of Dy and Do will depend also on the size of the rotating

object.

Retinal disparity obviously provides an additional source of depth

information when viewing rotating targets. As such it provides

a physiological cue which (together with accommodation and convergence)

has been effectively eliminated from most studies of the psychological

factors involved in perceiving the illusion of apparent oscillation.
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SUBJECTIVE VARIABLES

Studies of the effect of subjective variables on the Ames illusion have

met with varied, and not always consistent results.

Several studies have reported wide individual variations in the results

they obtained with different subjects; but this may well have been

largely a function of the experimental design used. For example,

Zegers and Murray (1962) frequently commented on individual variations;

but they often used 4 or 5 viewing sessions of an hour or more, which

must surely have resulted in some fatigue (and possibly boredom). They

also used a speed of rotation of 30 rpm; the difficulties this may

have caused were discussed earlier (p.164 )-

Other studies, in contrast, have reported on the surprising consistancy

of the results obtained, and the repeatability of the data (eg.

Catchesides, 1969).

An experiment reported here (E5, p. 149 ) investigated between-subject

and within-subject variability for four S's who were all very familiar

with both the rotating trapezoid illusion, and the particular

experimental set up being used, so that learning effects during the

experiment should have been minimal. Only one of the S's (JC) was

aware of the hypothesis under test.

This experiment indicated that the within-S variability was insignificant

(i.e. day-to-day variation), but the between-S variability was significant

(at p=2.5%) for the shapes used, which were the critical 'change-over'

shapes from E3.

Two of the subjects used in B5 and H6 (MC. and JES.) reported that

they occasionally saw apparent reversal of the rectangle in the

sagittal plane. These reversals were ignored when calculating the

results of E5 and E6, but their occurrence supports the reports of

Mefferd et al (1966), that with experienced subjects more critical

judgements can result in a variety of perceptual effects.

The more naive S's used in the other experiments did not observe these

effects, and their observations are probably more typical of the

‘normal! perception of this illusion.
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The investigation by Day and Power (1963) into the effects of shape

and surface pattern (see p 171) showed a significant (p = 5%) and

consistent practice effect, with the second trial in both experiments

showing a higher frequency of oscillation; this effect was found with

* poth practiced and naive subjects.

Their finding may be supported by several anecdotal reports that the

effect of apparent reversal takes time to build up.

Similar findings were not, however, obtained in the present series of

experiments. This may have been because the ‘trial run! used before

each period of observation was sufficient to stabilise the percept.

No explanation of this practice effect has yet been offered.

There have been several anecdotal reports that the observer's

knowledge of the true shape of the trapezoidal window has little

effect on his perceptual experience (eg. Kilpatrick, 1953). Even

observers who are extremely familiar with the phenomenon are still

subject to the illusion.

Haber (1965) attempted to determine whether the perceptual experience

of the trapezoidal illusion could be modified by controlled experience,

and by "disconfirmatory knowledge of any prior assumptions made by the

perceiver",

The trapezoid used was similar in shape and size to that of Ames (1951);

it was viewed binocularly at 20 feet, and was rotated at 5 rpm. There

were 7 trials in each of 5 experimental conditions, and the results

obtained are summarised in Table 7.2. Haber's findings have not been

repeated in any other investigation.

In a series of experiments using various designs and various instructional

sets, Mulholland (19634 found that S's reported a given perceived motion

more often when instructed to try to perceive that motion, indicating

clearly the necessity of cohtrolling instructions and suggestions when

studying these phenomena.

Similar results were obtained by Power (1965); he used two experimental

groups, one of which wes instructed to report oscillations and the other

rotation. The mean frequency of apparent reversal was always higher

for the oscillation group than for the rotation group.
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Table 7.2

SUMMARY OF HABER'S (1965) RESULTS

EXPERIMENTAL % OF SUBJECTS SHOWING

ee : INITIAL FINAL
OSCILLATION OSCILLATION

1. Control:

No additional 10 80% 80%
information

Trial 1-7

2. Graduel Information:

S given more information

after each trial up to ae 89% 3G
discussion and handling

3. Early Information:

discussion and handling | 10 407% 40% ?
before Trial 1 (not stated)

4. Late Information:

discussion after

Trial 5, handling after| 18 88% Trial 6 - 28%
Trial 6 Trial 7 - 11%

5. Distance Variation:

discussion before Trial

1; S varied distance to iT Median distance 8 feet

try to maintain

rotation

for illusion - not affected

by information
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It was almost certainly the effect of instructional set (possibly

inferential, if not directly given) which produced Haber's results.

Observer's who are well-practiced in viewing illusory oscillation

often report that they can choose to see either rotation or

oscillation at will, but with as passive a viewing set as possible

apparent oscillation nearly always returns.

Zenhausern et al (1970) showed significant order effects in the

perception of the trapezoidal illusion, when S's were exposed to all

the experimental conditions. The results are complex, and the

presentation of the raw date might facilitate interpretation; but the

finding of such order effects provides evidence against the use of a

"within-S's design" (such as that used by Zegers and Murray 1962) in

which a single S is exposed to all conditions.

The various subjective variables considered so far are all concerned

primarily with aspects of experimental design. Other, more general,

subjective factors have been investigated. These include age, culture,

and mental state.

Zegers and Murray (1962) tested 32 children eged between 4 years and

5 years 11 months with both a trapezoidal and a rectangular target,

rotating at 18 rpm and viewed at 20 feet. Almost all the children

saw the trapezoid oscillating more than 50 of the time, but the

rectangle was nearly always seen as rotating.

They concluded from this that if learni:.g and past experience are

essential factors for a subject to perceive the illusion, then these

are acquired before the age of 4 years. (Attempts totest 3 year old

children were abandoned because reliable quantification proved

impossible).

A study of the effect of cultural influences upon the perception of

apparent oscillation was carried out by Allport and Pettigrew (1957);

they compared the illusion with rural Zulus (who lived in a'circular'

rather than rectangular environment), urban Zulus and Europeans.

They used a trapezoid very similar to that of Ittleson (1952) (see
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Fig.3.2), and they found that under optimum viewing conditions (i.e.

20 feet monocularly) all the subject-groups saw practically continuous

oscillation. But under more marginal conditions (10 feet binocularly),

the group of rural Zulus perceived the illusion significantly less

frequently than the other groups.

Allport and Pettigrew also found that nearly one-third of the S's

reported oscillation at some time with a rectangular window; this

may be an artefact produced by the slow (<2 rpm) speed of rotation

used (see p.164 ).

They concluded that their results obtained under optimal conditions

could provide evidence for either a nativistic or an empiricistic

interpretation, but that

"object connotation (meaning) based on
closely relevant cultural experience

helps to determine the nature of the

perceived movement under marginal

conditions"

(Allport and Pettigrew, 1957, p.113
their emphasis)

This experiment was later re-evaluated by Slack (1959), who concluded

that the results were perfectly consistent with a strong empiricistic

interpretation, which would predict.no difference between the special

groups studied under optimal conditions, but which would predict a

large difference under marginal conditions. This conclusion was based

upon consideration of the relationship between the basic differential

of the illusion (rectangle vs. trapezoid) and the basic culture-

differential (not circularity vs. rectangularity, but less rectangularity

vs, more rectangularity) as they interact in the presence of 'give

away' cues. Slack's interpretation is clear, concise and convincing.

A comparison between mental retardates and normals of approximately

equal chronological age showed that the retardates were just as

susceptible to the rotating trapezoid illusion as were the normals

(Spitz, 1964); there was no significant difference in the results

obtained with the 2 groups. This was in contrast to earlier investig-

ations with other types of illusion (eg. Spitz and Blackman, 1959) in
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which the illusions took longer to induce, were smaller in degree and

persisted for a longer period of time in retardates than in normals.

Spitz concluded from this that the trapezoid illusion was of a

fundamentally different type from the others he had investigated,

being induced by reducing and distorting distance cues, and causing

the observer to make assumptions based on past experience.

These various studies, then, have indicated that the illusion is

surprisingly universal, and produces consistent effects with a wide

variety of subjects.
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SUMMARY

The data obtained in the present series of experiments has been

compared with the published results of other investigations.

One of the main factors found to affect the illusion was the speed

of rotation used. The experiment reported in Section 6 (E2) provides

the most detailed examination of this, and the results obtained are

consistent with the qualitative comments of others. In general it

may be said that at high speeds ( > 20 rpm, say) the nature of the

illusion changes: it is not such a stable and repeatable effect, and

other illusory types of movement are seen besides regular apparent

oscillation - eg. in-and-out pulsation, irregular oscillation, etc.

Studies using rotation speeds of 30 rpm or more have generally obtained

much less than 100% oscillation with trapezoidal shapes that would have

produced continuous oscillation at slower speeds. These studies have

also obtained significant amounts of oscillation with rectangles.

Investigators using these higher speeds must, therefore, be said to be

examining a related, but different, illusion. These results support

the hypothesis detailed in Section 4 (p. 61).

Surface pattern was found to have a relatively minor effect upon the

illusion of apparent oscillation produced by a rotating trapezoidal

object. Many different types of surface pattern have been investigated,

but it has been found that even painting conflicting patterns on the

2 sides of the trapezoid does not reduce the illusion.

The most important result obtained from the comparisons of these

different studies is that consideration of the projective transformations

undergone by the various shapes used enables practically all the results

obtained by others to be predicted.

The only exception to this is the experiments of Day and Power (1963,

1965), who obtained approximately 5075 oscillations with trapezoidal

shapes for which nearly 100% oscillations would be predicted (Fig. 7.18).

This is the only study for which such a low rate of oscillation was

obtained, which suggests that maybe some other aspect of their

experimental design affected the results. For example, possibly
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Fig. 7.18

(Day & Power, 1963)
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uneven lighting on the rotating shapes, or the very short viewing

distance used (4.33 feet), may have affected the results.

Analyses of the illusion in terms of horizontal, vertical or angular

components, as well as size, distance or shape components, were seen

to be inadequate to predict the type of motion seen. The continuous

perspective transformation undergone by the rotating shapes inter-

relates all these other components. These results then, were

consistent with the hypothesis detailed in Section 4.

It should not be surprising that the brain is able to synthesise all

these different factors and interpret the changing incoming information

in terms of a rigid object moving in depth.

Studies of some of the various subjective variables that may effect the

illusion have indicated that although it may be affected to some extent

by the instructions to the observers the illusion is a surprisingly

universal one, and produces consistent results with a wide variety of

subjects.
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SECTION 8

CONCLUSIONS

The most useful explanations of visual illusions analyse them in terms

of the types of information that they contain; to be satisfactory, they

must also relate them to known aspects of brain function. Previous

theories of the Ames rotating trapezoidal window illusion have relied

on either vague and unspecific concepts (such as 'past experience') or

specific detailed hypotheses (such as ‘differential angular velocity')

to explain the illusion.

Since the illusion contains several different types of information, the

percept seen is likely to inter-relate this information. Any explanation,

then, must also inter-relate the information available, and consider the

relative importance of the different types of information. This is

what has been attempted in this study.

It is not realistic to analyse visual scenes into minute components -

'‘bits' of information, or even horizontal or vertical components,

These are useful concepts for mathematical analysis, and help us to

formulate what is happening, but it seems most unlikely that the brain

handles information in this way.

It is more likely that the perceptual system utilises changes in a

visual scene; one of the most fundamental changes is the rate of change

of one object relative to another.

Probably *he most fundamental concept in this respect is change in

size - a larger object means a nearer object, so that if two objects

are changing in relative size, but one is always bigger than the other,

then that one is always nearer. (This relationship is so fundamental

that it may well be innate - if not, it must be learnt very quickly).

If the change in size is large relative to the size of the object,

then this is likely to be interpreted as a change in depth of the

object (relative to a stationary observer).

This study has been concerned with a particular class of shapes -

trapezoids. These shapes are unfamiliar in our normal visual world,

although rectangular objects often provide us with trapezoidal retinal

images. - 210 -



A particular type of movement relative to a stationary observer has

been considered - rotation around a 'central' vertical axis - and it

has been seen that the apparent change in shape of the trapezoid as

it rotates follows a simple elliptical locus. This continuous

perspective transformation of the shape is quite fundamental. By

considering the loci of the two corner points we can summarise the

whole change in the apparent shape.

It has been seen that by considering this projective transformation,

the type of motion that will be seen can be predicted, by following

a few simple rules:

(1) If the elliptical loci are narrow (vertically) and separated

(vertically), then the actually longer edge will be seen as

the apparently longer edge, and rotation will be seen as

oscillation.

(2) If the elliptical loci are narrow, but touching or overlapping,

then there will be some confusion (ambiguous information) and

sometimes oscillation, sometimes rotation will be seen.

(3) If the elliptical loci are wide, whether they are touching or

not, (which occurs with short viewing distances) then the change

in apparent length will be interpreted as a change in depth, and

the true direction of rotation will be seen.

The projective transformation provides the most fundamental and

important source of information when viewing a rotating trapezoidal

object.

The formulae derived earlier indicated that the transformation is due

to the size, shape, viewing distance end the axis of rotation position,

and so integrates many of the types of information that have been

considered separately by others.

These other studies, as well as those that have analysed the illusion

in terms of its horizontal, vertical or angular components, have been

unable to predict the type of motion that would be seen with other

shapes,

But consideration of the projective transformation of the whole shape

is able to do this. 2

But although the continuous perspective transformation of the rotating

shapes integrates many of the type of information contained therein,
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it does not provide the only source of information.

Surface pattern has been found to affect the movement seen, although

to a much smaller extent. It has been found that conflicting patterns

(i.e. different patterns on the two sides of the trapezoid) do not

reduce the illusion, so surface pattern must be an unimportant source

of information with obviously trapezoidal shapes.

But if the transformation provides ambiguous information (i.e. sometimes

oscillation, sometimes rotation, was seen) then surface pattern may be

utilised to resolve the ambiguity. This has not yet been investigated.

A more important source of information is the speed of rotation. This

obviously determines the rate of change of the pattern on the retina,

and hence the rate of change of incoming information. It seems that

if the rate of change is too fast (probably >20 rpm, certainly > 30

rpm) the perceptual system does not have time to interpret the incoming

information, and the resulting percept consists of 'blocks' of either

rotation or oscillation for a few seconds each, This occurs for

rectangular as well as obviously trapezoidal shapes, and so supersedes

even the information provided by the projective transformation. The

effect is so fundamental that studies that have used speeds > 30 rpm

must be said to have investigated a different, although related,

illusion.

The results of this study, then, provide some data about the types

of information used by the perceptual system in interpreting rotary

motion in depth. The interpretation is considered to be a function

of the speed of rotation, the continuous perspective transformation,

and the surface pattern of the rotating trapezoidal shapes.
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APPENDIX

PROGRAM TROT

200

201

202

4100

404

401

401

103

103

405

20

50

50

60

690

99

WASTER TROT >

IMENSTOM XD4 (37) 6¥D1(37) -XD2037) ,¥D2(37) 6 ¥N3(37) 1YD4 (37)
- 1445927

30

CALL HGPSTARTCSSHTRAPEZOTD PROJECTION, J CATCHESIDES,35)
READ (16209) ¥1+¥1eX20V2.0

FORHATOC5F6,2)9

TFCY1"50,) 202,99,99

WRITEC2, 100)

FORHATCAN4 ¢20X+20KTRAPEZOLD PROVECTION)
WRITEC2,104) D

FORHATCTH ¢29X%+18HFOR A DISTANCE OF + F4.1,5H FERT)
WRITECZ,1091) X1,V10K20Y2

OFORVAT CANO, 29K + SHXVS 666. 204X + 3HV1E 6 F O02, 4K SUX 20 FG, Pe
TGX,3HV2s.F6,2)

wRtTe (2,103)

AFORMAICGHO,10X,SHANGLE, 5X, 6HX1IDASH, 7X, 6HYIDASHS 7X

TOHX PDAS 7K es GHY2DASHD

aKa su

D=Deid

DO 20 151,37

Az10, Ue (TH4)

REAePI/4 RO

XDVCTISDeX4*COS CRI (DR CXT*SINCR) DD

VD1CTIEneV¥4/ CD-CXI*SINGR)))
MD[]CTIBD+X2eCOS CRIS (DH CX2*S INCOR)

YD2 CTI =a*V2/ (d= (KAS INGRIDD
WRITEC2,105) AsXDVCT),VOICT) »¥D2C1) -YD2CT)
FORMATCAH 549X%+F4.014(05X2F8,4))

KOVUCTIECXD1CT)/2.59413. 04K
YD4(1) = (m¥D1019/2.5)49.0
VDUCTI=CVDI1C1)/2,5949 0

KD2]CTIECKH2C1)/2.59413 4K

YO3(1)=(=V¥b2619/2,5)49.0
YO2 C1) =(vD2(1)/2.5)+9.0

CONT TRUE

D=Ds12

QCALL AGPAXTS(5.04K,9.0,39H THE X AXDS
4=30,16.0,0.0,"20.0+2.5)

QCALL HGPAXIS(13,0+K,3.0,30H THE Y AXIS»
4°39,14.0690.96715.072,5)
CALL HGPNASHINCKD1 (4) ,¥D101) -X9204) -V¥D2(1) 00.0)

CALL HEPLOTCXD2(41)6YD301).2,0)
CALL HGPLOT(4D104),YN4(1) 42,9)
CALL MEPLOTCKD1°¢1) 4901049 42,9)

CALL NGPSCURVECKN46YN16374070.0,9.0)
CALI HGPSCURVE(XN2+Y02,37-0.0.0,9,9)

CALL HGPSYMBL(15.04K,21.5,0.35+Z0HTRAPEZOID PROJECTION. 0.0.26

CALE HGPSYMB! (15.04% 520.4,0.3567 3HN1= V4=,0.0,13)
CALL NGPSYMBI(15.04K~.19.7,0.35,13HX2= v2=,0.0,13)
CALL HGPSYMBL(15,04K~.19.9,0,35,14H d= FEET.0.0,14)
CALL HGPHUMBER (16.04K.21).610.356%100-9000202)

CALL AGPNUMBER(19.04K 620. 600.356V1 0000000202)
CALL HGPNUMBER(16.04K119.760.35,X200-0 000202)
CALL NGPNUMBER (49 .04K619.760.35,V200-000202)
TALL AGPNUMBFRO16.04K,19.0+0.35-01969,0,2,2)

GO TO 200

CALL HGpEINISH

STop

END = 222 -




