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Clinical workers in binocular vision, known as orthoptists, have
noticed variations in the binocular performance of patients which appear
to have no relation to their visual state. Similariy there are some
binocular tests, in particular sterecscopic tests, which cannot be

performed by normal students of the Optometry School.

An initial reading of the 1iterature on binocular vision indicated
that it can be divided into two parts, that concerning the mechanism
which produces one visual percept from two visual inputs to the two
separate eyes, and the mechanism which produces stereopsis, by evaluating

the angular differences between the two retinal images and interpreting

them as a sense of depth,

1t was decided to concentrate on the haploscopic aspect of binocular
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vision, and to search for non-visual variables which determined the

operation of this function.
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A detailed reading of the literature brought to light several sets of
experimental resulits showing marked variability between normal subjects
on the same test. Some of the operators commented on these, but did not

look for their origin.

The neuralogical and neuro-anatomical literature indicated that
the production of the single visual percept was an on-going process which
became more complex as i1t was passed to higher neurological levels until

the final process was controlled by the cortex of the parietal Tobe.

This suggestion was confirmed by an E.F.G, prooramme carried out Dy

the writer.



The exist-nce of neurological activity in the parietal cortex
involving the inhibition processes which remove an unwanted diplopic
jmage from visual perception suggested very strongly that psychological

variables would be found here.

This survey oi the literature also indicated that no previous work
had been done in this field and new tests had to be devised to isolate
and measure the non-visual variables. This programme was undertaken by

the writer who had done previous research in orthoptics and in optometry.

These tests produced 20 scores, some of which suggested the psvchological

variable with which the optometric scores might correlate significantly.

The nature of these scores was described to a cross-discipline
project team whose members designed a battery of tests, one psychological

and the other neuro-psychological.

The psychological battery was based on the assumption that the
variable appeared to relate to some sort of psychological rigidity, but
that as this was not certain, certain other tests such as motivation,

frustration and suggestion must be adequately covered.

The neuro-psychological battery assumed that the binocular variables
must be measurable in the activity of the central nervous system, and might
appear as the muscular control of movement, or in the speeu of perception.
A battery of tests, including the E.E.G., was designed to measure these

functions.

The total testing programme was now very large, and was given to

two pilot samples. The battery was reduced in size by a study of the
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correlations, and by *he use of cluster analysis. A study of the
selected correlatio::. d>etween the binocular and the psychological
scores indica*ed a relationship between the psychological resuits and some

of the binocular tests.

A reduced hattery of both tests was given to a larger sample and
a factor analysis of the result selected perseveration as the major

psychological variable in bindcular performance.

During the course of the research work some very valuable discoveries
were made for clinical optometry. The possible value of the results to
psychology and the avenues of future research copened up bv the programme

of research are discussed.
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GLCSSARY OF ABBREVIATIONS, TERMS AND WORDS

Agnosia

Alpha Rhythm

Ambliopia
Anisefikonia

Apraxia

Arboreal
Australo-pithecus
Authoritarian
Canthus

Choroid

Chiasma
C.F.F.
Ciliary
Colliculus

Commisural Fibres

A total 1uss of senscory perception.

Rhythmic electrical potential changes in the cerebral
cortex varying from 8 to 13 cycles per second.

Loss of visual resolution without discoverable cause
A marked difference in size of the retinal images

Inability to carry out an intended movement withou*
pathology of the muscles involved.

Living in trees.

The Southern ape; the name given to the S. African &pe-man
A personality type related to Fascism

The nasal or temporal angle between the eyelids

Tne middle Tlayer of the eyeball, consisting largely of
blood vessels.

The junction and partial decussation of the optic nerves.
Critical fusion frequency.

Pertaining to the ciliary hody

A relay centre in the dorcal mid-brain

Fibres connecting one hemisphere of the brain to *he
opposite hemisphere

Conjunctive movements Movements of the two eyes which are paired

Controlls

Cytoarchitecture

Cybernetics
Cyclo-phoria
Cyclo~vergence
Decussation

Dendrites

For Binocular controlis see markers

The cellular construction of the cortex of the brain
in terms of its surface areas.

The study of remote control

The tendencv of the eye to rotate in its socket

The actual turning of the eye about an antero-postero axis.
A crossing over of nervous fibres, as in an x

Extensions from a nervous cell which produce contact with
other cells.




Dioptre

Diplspia

Dorsal
Dysfunction
EEG
Eideticism
Endocast

Encephalisation

Esophoria
Exophoria
Extort

Factor analysis

Farad

Fissure

Foramen (Optical)

Fundus

Fusional Tock

viii.
A measure oi curvature, one dioptre having a radius of one
metre. Optically the power of a lens, which having a power
of one dioptre will focus paraliel light to a distance of
one metre.

Double vision resulting from the two eyes not being
directed to the same stimulus point.

Towards the back.

Partially correct functioning.
Electro-encephalogram,

Very vivid imagery.

A cast of the interior of the skull.

The development and evolutior of the higher levels
of the brain.

The tendency of the eyes to converge,
The tende:.cy of the eyes to diverge.
The rotation of the upper part of the eye outwards.

A statistical method whereby a common cause to varying
behaviour can be isolated.

A unit of electrical capacity.
A deep groove in the brain dividing it into Tobes.

The apperture where the optic nerve leaves the orbit
to travel through the brain.

The interior back of the eye as seen through the pupil
with an ophthalmoscope.

An identical stimulus offered to both eyes which causes
them to Tock onto it in binocular vision.

F.R.Fusional Reserve The amount the eyes can move away from the binocular

Galvanic

fixation point with accommodaticn held constant.

A direct electric current.

Ganglion cells (ketinal) The second relay of the visual impulse between

Geniculate Bodies

Gyrus

Haploscope

Heterophoria

the rods and cones and the lateral geniculate bodies.
The lower visual centres in the thalamus.
A Told of the surface of the brain

From the Greek Haplos, single. An involved stereoscope
used for investigating binocular vision.

Th$ lendency of an eye to move away from a common fixation
point.




Heuristic

Horopter

Hyperbola

Innervation

Intort

Isomerphic
Labile
Lepidoptera
Limbus

Macula

Markers

Modality

Micronystagmus
Mutation

Myelinated
Nasion
Nativistic

Neuro-psvchology

Ndabele

NOFGR.
One-tailed test
Ontology

iXx,

Having a comron imagination.

The Tocus of stimulus points in space giving a
uniplopic response.

A curve formed by the section of a right circuiar
cone when the cutting plane makes a greater angle
with the base than the cone sides mske to each other.

The electrical changes in a nerve whith result in
sensory or muscular response.

To rotate the upper parts of the sveball towards
each other.

Having a similar organic structure.

Easily moved or charged.

The moths and butterflies.

The circle where che cornee joins the sclera.

A small area of the retina subtending ar ancie of about
2 degrees from the fovea centralis whicn appears iike a
yellow srot aftzr death.

Also called controlls. A method of marking a contour
in a stimulus to pe fused binocularly with a similar
stimulus so that the contour can be shown to be present
in binocular vision, and not to have been suppressed.

An aspect of seise experience belonging to a particular
specific sense.

Small jerky movements of the eyes.

A genetic change jproducing a2n inheritable difference
in a species.

Having an insulated sheath.
The bridge of the nose
Having innate ideas.

That branch of psychology relating behaviour to neuro-
anatomy, physiology, and pathology.

An African tribe speaking a language similar to Zulu and
Tiving North of Pretoria.

Negative fusional reserve.
A test whose results are all in the predicted direction.

The study of the development of the foetus.
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Optokinetic
nystagmus
Orbicularis

Orthoptics

Perseveration
P.F.R‘
Phylogenetic

Primary-secondary

Proconsut

Pseudo-stereopsis

Retinal Disparity

Retinal Rivalry

S
Saccadic Movement
Sclera

Scotoma

Septum

Silurian

Stereopsis

Stereogram

Strabismus

Sub1iminal

The jerky movements of the eyes resulting from watching
the vertical Tlines on a revolving drum.

The muscle which surrounds the eye and closes the Tids
together.

The science of the investigation and treatment of
abnormalities of binocular vision.

Continuing a behaviour which should have ceased.
Positive Fusional Reserve.
Relating to the order of evolution.

A classification of tehaviour similar to introversion-
extroversion.

A type of prehistoric ape thought to be the ancestor of
the man-ape.

The reversal of stereopsis, by reversing the stimulae
to the two eyes. ~

Failure of the retinal images of one object to fall on
corresponding elements.

The condition induced when two totally different stimulae

fall on corresponding retinal points.
The subject of an experiment.

A small abrupt movement of the eye.
The outer coat, or white of the eye

A blind area due to non-reception by the retina or non-
transmission by the nervous system.

In orthoptics, a device so placed that part of ar image
is occluded from one eye only.

A system of rock formation in pre-histo:

The production of the visual sense of depth resulting
from s1ight angular differences between the two retinal
images.

A two-dimensional stimulus from which a third dimension
is seen by binocular viewing.

The medical term for a squint.

Nervous activity below the Tevel which prodi-ces awareness

of a stimulation.
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Suture
Synoptophore

Tachistoscope

Tarsoid
Teleostereopsis

Toroid

Tortion

Transection
V.F.R.

Visual Acuity

Xi.

A join of tissue effected by surgery.
The trade name for the most commonly used haplascope

An instrument for presenting a stimulus for a ery
brief pericd of time.

Related to the Tarsier, an animal similar to the Lemur.
An artificial increase of visual sense of depth

A geometric surface having maximum and minimum curvatures
at right angles to each other.

In orthoptics, the rotation of the eye around the antero-
postero axis.

A large surgical cut through an organ of the body.
Vertical fusional reserve.

The standard test for visual acuity is the reading of
letters at a distance of 6 metres. If the letters whose
parts subtend an angle of 1 minute at the centre of
rotation of the eye can be read the visual acuity is
normal and is recorded as 6/6. If the patient has 2
Towereu acuity and can only read larger letters, these
are recorded as, say, 6/12 which means that the patient
reads at a distance of 6 metres letters which a normal
patient would read at 12 metres.
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CHAPTER 1

THE CONTENT AND PURPOSE OF THE THESIS

Over two thousand years ago, a Greek, Empedocles of Aregente

noted that 'we see singly with two eyes' and asked how it came about.

Despite most extensive research, today's scientists cannot answer
the ancient Greek. A vast amourt of knowledge has been acc.mulated on
the subject, but still no reply can be given because, ar.ong many other
unknowns, we do not know exactly how th2 cells of the cecsbral cortex
code and process the innervations arriving from the ganglion cells of

the two retinae.

While it might seem that the answer to the ancient Greek must lie
in the field of neuro-physiology, it is a prime purpose of this research
to show that the process of producing one visual percept from two retinal
inputs is so comp’icated that variables are present which, at this stage
of our knowledge, cannot be accounted for through visu~1 physiology,

because the variables are psychological.

1t was the very complexity of the role of this psychological influence
on binocular visual performince which resulted in the research programme

being continually discontinued and hence spread over a long period of time.

The final writing of this thesis marks the end of one aspect of a
programme of research work which commenced in 1961. The programme was
designed to investigate a proposed relationship between binocular
performance and psychological rigidity. Optometric and psychological

experiments were designed and carried out, and a considerable amount of
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data collected which suggested that tnere was a relation between

binocular perfcrmance and psychological rigidity.

Correlations level were very low and when some of the tests were
repeated on 1 second sample of optometric students opp: »1te signs were

found. Tnere was no clear indication as +o how ... research should be

extended and the prcgramme was abandoned.

During the carrying out of the research work, several discoveries

were made concerning particularly the inhibition processes in normal
binocular vision. These were 50 important to clinica’ optometry that the

psychological programme was put on one side until 1973, when the work on

pinocular vision and psychological variables were taken up again and

hrought to the conclusion given in this thesis.

In the new programme, the proposal was not that there would be a
relationship with psychological rigidity, but that there existed non-
visual variables in binocular performance and that some of these were to

be isolated, measured and related to psychological variables.

An understanding of the complexity of this problem is more complete

if the reader can comnrehend the extreme intricacy of the act which brings

about normal binocular vision.

The Binocular Vision of Modern Man

Most of “he brain is involved in the production of one percept from
the input of the two retinae. A brief outline of the process is given

here. The detail and references are presented later in Chapter Twn.




The production of binocular vision begins with the movement of the

fovea centralis of each eye towards the retinal image of a common target.,

When they are within a half a degree of angle of the target, a fusional
compulsion takes control, and the two eyes 'latch on' to the target. A
separate neurological motor centre, dealing only with binocular movement
now takes contrul, and rotates the images around the visual axes untii
they are exactly superimposed. The neuro-electrical innervations from

the two images are then summated by some central organisation.

This fusing and locking mechanism has considerable flexibility.
It has to allow for the movement of the eyes after binocular fixation as
they are not stationary. Both eyes tremble, oscillate, wander from the

point of fixation and jerk back towards it.

The images can differ in size, outline and illumination by about
10 per cent withcut any overlap being seen. It is possible to fuse that
part of the target which is common to both eyes, and inhibit unilaterally
parts which are in conflict, setting up a state of retinal rivalry within

a fused sincle image.

If the two images are so different as to be not fusible, they are
evaluated separately. One of the two images is then selected and wrought

to the conscious level, while the other is suppressed and not seen.

When the images are within the fusible limits, and are united, ai
analysis is made by the para-striate cortex of the horizontal difference
between the twe inputs which is interpretec as depth; the ubility to

form this three-dimensional space is known as stereopsis.

-~




The final result is a panoramic view of 208 lateral degrees.
This is only partly binocular, more than two thirds of the field being
monocular (Fig. 1.1). There is a central binozular field of 60 degrees
and on either side of it are two monocular fields of 74 degrees each.
There is no awareness of the edges of the binocular field, nor of any
loss at these edges of stereoscopic vision. The depth seen at the periphery

is probably due to a right and left image comparison without fusion.

When the viewer Tooks at a cube of wood held in his left hand, the
retinal images are neither the same size nor shape. If a tool is held
in the right hand to work on the wood, the hands will occlude part of
the tool or the w d from one eye or the other, the area occluded varying
from second to second if the cube is rotated for inspection. VYet despite
all these obstacles, some sort of neurological averaging computer selects

the parts which are fusible from the twe eyes and locks the visual axes

on to them.

Binocular Vision and Stereopsis

While stereopsis cannot take place until binocular vision has been
established, it is a separate and different function. Stereopsis is
actieved by a comparison of the retinal disparities between the parts of
the right and ieft retinal images. Kaufman (1965 compared the production
of one haploscopic image from two retinal inputs with the production of

stereopsis and demonstrated that they are different functions.

Kahneman, Normand and Kubovy (1967) demonstrated that if the Teft
retinal image is delayed and presented more than 100 m secs after the

right, stereopsis is not seen, but binocular summation takes place when

-y



HUMAN BINOCULAR VISION

A. Monocular low resolution areas.
B. Binocular field within which stereopsis is possible.

C. Small central fisld within which objects are recognised as fusible.

FIG. 11
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the image is delayed up to 307 m secs. From this experiment the authors
deduce that binocular vision and stereopsis are produced by different

cortical areas.

Regan and Spekriejse (1970) demonstrated a spike wave with a

delay of 94 seconds which appeared when stereopsis was seen. The same
wave appeared when horizontal disparate targets were fused, but the wave
was not seen when the disparity was vertical. This suggests & particular
cortical activity when there was fusion of retinal points which were
s1ightly out of horizontal correspondence and which would produce the
sensation of three-dimensional depth., The location of the wave in the
cortex cannot be deduced from the experiment as the cathodes were placed

on the occiput and the ears.

Juliez (1965) has demonstrated that the ability to form a three-
dimer nage ocues nct require reccgnition of the outline, and that a
pictu. ferth, such as a spiral can be created from a binocular
presentation of random computer generated dots whose augular disparities

produce the *hird o worcional effect.

Harwerth and Ra.. .1975) have confirmed t' 3 by demonstrating
that if one eye 1s so blurred that recognition of pattern is lost, but
the retinal image disparity can srill be detecied, the sense of depth
remains. Sperling (1970) advances a theory for binocular vision that
there are two neural fieids, one course and one fine, in which fusion

is a separate state,

Humphriss (1953) describes cases of convergence insufficiency
where stereopsis is lost, but recovers after physiological diplopia i3

re-established. In such cases there is no relation of the amount of
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the amount of fusion to the amount of stereopsis.

The weight of this evidence suggests that stereopsis, an ability

to convert the arjular disparities of the right and left retinai  ages

into the perception of depth, is a separate function from binocular fusion

following rusion after it has been achieved.

Haploscopic Vision - The Three Prccesses

For the purpose of this thesis, stereopsis is used only as a mcans
of contrasting monocular depth with binocular depth. The thesis is
concerned with the act which precedes stereopsis; that is the aligmment

of the separate images and their summation into a single visual percept.

The function of producing a single binocular vision car be seen
to be controlled by three prrcesses, firstly the motor control consisting
of a fusional compulsion and a fusional Tocking mechanism, secondly an
inhibition process which removes from consciousness any image or part of
an image which conflicts with the prucess of unity, and thirdly a
fusional process which adds together those parts of the images which

are sufficiently similar to be within its unifying abilities.

The medical sciences and the discipline of bio-physics have
discovered a considerable amount of data on the processes which bring

about single binocular vision.

This information has been presented in Chapter Two. It is not
a critical study of the evolution, anatomy and physiology of binocular

vision, it is a search for information relating tc the subject of this

m o o e i o e R T
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thesis, the non-visual variables in binocular behaviour. Hence any

theuries advanced by authorities on matters which are not fully understood,

such as the evolution of the optic chiasma, are not examined and

criticised, but merely put forward as information.

The study begins with the evolution of binocular vision, which is
traced from bilateral light reaction, through two eyed vision, to

stereopsis and finally to the binocular vision of modern man.

1t is demonstrated that the eye reaches its highest performance
at the level of the bird. Thereafter, the increased frontality of the
orbits and the increased encephalisation of the visual cortex, that 1is,

the making of greater use by the brain of the same information, are the

evolving process.

It is concluded that man's binocular vision evolved tn its highest

level, not with the deslopment of his vision but with the evolution of

his inteiligence.

The study continues with the anatomy and histology of vinocular
yision. This is done to make clear the type of electrical picture which

is created by the two separate retinae, transmitted to the cortex and

analysea

ihe process of combining the two sets of neural impulses appears
to be an ongoing one, starting with some ~imple relationship at the
thalamic level in the lateral geniculate body, and going on through
increasingly complex siages from the striate -ortex to the para-striate

and peri-striate cortex and probably being relayed forwards into the

D S ——
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association cortex of the parietal lobe.

From area 18 the visual picture is transmitted to many other
non-visual parts of the brain, where it is thought to be analysed in
terms of safety or danger, and to the frontal lobe for the planning of
future action. It is shown subsequently that before unification, the
monocular picture can be considerably modified but there is no evidence

as to how the final binocular picture is organised.

The physiology of binocular vision is concerned firstly with
the motor control which brings the eyes into alignment, maintains that
alighment, and secondly with the nature of the central mechanism which
summates tne two independent inputs i1nto one conscious image. The
bio-physicists have proved that there is an independent motor control
over binocular vision, separate from that of tne reflex and voluntary
control located in areas 17 and 6, the pccipital and frontal cortex.
This binocular control centre is shown to be in areas 18 and 22 which

are more parietal than occipital.

Similarly the summating process does not appear to be a physiological

summation, but rather a psychological assembly of pre-conditioned morocular

data.

The conclusion supports a principle now established in neuro-
histology, that there are not zreas of motor cortex adjoining areas of
sensory cortex, but there is a transition of one to the other, the best

example being the corte« on both banks of the fissure of Rolando.

Similarly, the cortex giving rise to the fusion process and the

motor control bringing the images into alignment inter play
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in an area of cortex at or near the angular gyrus. This is asscciation
cortex outside the visual area, apparently the centre for the controlling

neurology of the end processes in binocslar unity.

A study of the psychology of binocular vision is concerned with

the process of inhibition and the suppression of an image before fusion.

When the brain has to deal with two retinal inputs which differ
slightly or considerably, then it can inhibit parts of each image, or it
can totally inhibit one image. This process of inhibition is done on a
selection basis which is entirely psychological. It relates to the
subject's previous experience and to the prejudices which have formed
from it. The area of brair which deals with this probably varies with

the type of choice which has to be made before one image is inhibited.

The involvement of forward association cortex in binocular vision
js supported by a research programme reported in Chapter Three in which

the process of irhibition was located in the parieto-temporal cortex.

Further support for the proposal that the unification process is
in the association cortex may be found in a study of the patholugy of
binocular vision, and in evidence from the breakdown of such functions as
convergence. In a study of 100 cases of inadequate convergence,
Humphriss and Burrow (1962) found that there were move cases due to

psychological trauma than to neuro-patholog:

In addition to the evidence that the neurology of binocular vision
is such that there are 1ikely to be -~un-visual variables in binocular

performance, several experimentors have noted variations between the

N —
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results of binocular experiments on subjects screened as visual normal,
that is, they h7d uncovered a non-visual variable. This comment is
supported by clinical workers who have reported the highly variable

performance of their patients which does not relate correclly to their

visual condition,

The Programme of Research

1t was clear from this data that two research programmcs were
required. The first would isolate and measure the non-visual variables,
and the second would relate them to known psychological traits and hence

show something of their nature.

When tie work was first initiated the approach made to the problem
was firstly to isolate the non-visual variables. This was done by
studying the conditions under which the variables appear in clinical
practice using as subjects largely students and institute staff. These
subjects were carefully screened and those tested binocularly were all

completely normal visually but found some binocular tests difficult to

perform,

Numerous pilot experiments were carried out and several sensory

variables were isolated which affected binocular performance and which

were non-visual in origin.

Binocular variations which could be measured visually were known,
but the consulting room tests were insufficiently accurate for statistical
analysis, mostly because they had poor end points. These tests were

improved until satisfactory tests re-test correlations were established.




The programme resulted in the isolation of three groups of non-
visual variables, two of which were sensory, one related to the function
of the suppression of an unwanted image. or part of an image, and one
which related to the flexibility of the fusional lock, once fusion had

been established. The third group related to the motor control whicn

maintained the eyes in a position where unification could take place. |

These results were put before a project committee of the National
Institute of Parsonnel Research consisting of the heads of the departments
of experimental psychology, neuro-psychology and psychometrics and two
optometrists, the writer and the head of the schao] of optometry in ”

Johannesburg.

As a result of their deliberations a battery of psychological tests
was set up in ar attempt to find scores which would correlate significantly
with the binocular hattery. This battery was basea on six preposals, each

1inking binocular vision with psychological or physiological behaviour.

These proposals were :

(a) That it was known that binocular scores could be improved by
suggestion and motivation. Their increase by this means might

correlate significantly with scores of suggestion and motivation.

(b)  That the ocular rotation resulting from muscular movement should

correlate with scores of physical strength or the ability to

maintain it.

(c) That a state of psychological tension produces convergence and
reduces divergence. This state can be measured in an EEG score

as tension reduces alpha amplitude and index.
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(d) That the binocular scores would relate to LEG scores. It was
thought that the response scores and some element of central
excitability of the nervous system would relate to flexipility

in bshaviour.

(e) That the binocular behaviour would relate to other visual
measurements such as c.f.f. and after image duration, and

possibly to the acuity of other senses such as hearing.

(f) That the binocular scores would relate to scores of psychological

flexibility~rigidity.

Based on these proposals itwo batteries of tests were designed.
The final programme produced 20 binocular scores, 20 neuro-psychological

scores and 60 psychological scores.

A carefully screened pilot sample of 23 male optometry students
performed all the tests and from the results a 100 x 100 correlation

matrix was computed.

A study of these correlations showed that there appeared to be a
relation between the EEG scores and the binocular scores. The binocular
tests and a self rating test of rigidity of temperament given to the
optometry students was repeated on a staff sample of 37, all of whom

had recently had an EEG recorded.

Significant correlations were again found with the binocular scores,
but not with the same scores which produced significant correlations from
the optometry sample. For this reason, and because an EEG programme is

very time-consuming, the EEG programme was discontinued.

e o -
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A further study of the binocular scores suggested that a significant
non-visual variable could be seen in the matrix. The binocular battery and
the ;elf rating tests were given to a sample of 48 university students. The
correlations from this sample csupported the existence of a non-visual factor
in the binocular test results, but did not confirm its relation to

temperamental rigidity.

The generation of Cattell clusters from the 100 x 100 matrix produced
one cluster containing the binocular scores thought to represent rigidity

in binocular vision, tests of perseveration and two of the temperamental

rigidity scores.

These tests were given to a further sample of university students
and the results of a semple of 87 were factor analysed. Two factors were
extracted, one of them,perseveration,was shown to be the major non-visual
variable responsible for differences in birocular behaviour. The other
factor, temperamental rigidity, only related to the binocular scores at a

non-significant level.

The results of the whole programme and their benefits for psychology

and ootometry are discussed in the last chapter.

v
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CHAPTER 2

A REVIEW OF THE LITERATURE ON THE EVOLUTION, ANATOMY, PHYSIOLOGY,
PATHOLOGY AND PSYCHOLOGY OF BINOCULAR VISION

The Evolution of Binocular Vision

The evolution of binocular vision can be traced through three
stages, and a fourth may be deduced (Fig. 2.1). At the Towest level,

the animal can react to a difference in the amount of light received

on oppos.te sides of the body.

Bilateral Light Reac*ion

This bilateral reaction to light is demonstrated in the earthworm,

Lumbricus Terrestis, which moves away from the 1ight to a damper and

hence safer environment. Barucha Reid (1961) suggests that this is due

to a negative light reaction, producing a greater output from one half of

the supra-oesophageal ganglion.

Spooner (1957) states that the worm Planaria gonocephela has two eye

spots on either side of the head from which 1ight sensitive cells are
connected by nerve fibres to a central nucleus. These worms act similarly

to the earthworm turning away from the higher i1lumination.

Directionally selective neurones have been found in the pro-
thoracid ganglion and ihe optic lobes of the hawk moth (Collett and Blest,
1966). These binocular units specialise as movement detectors and show

discrimination along a horizontal axis.

w v
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FIG, 2.1

The Evolution of Binocular Vision.

The explanation of the stages of
binocular vision is given on
the {ollowing page.

Great Apes

Monkeys

Maminais

Birds

Flying Reptiles

Reptiles
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Fig. 2.1

Time in
Millions
of Years

Stage I
1200

Stage II
1000

600

500

200

Stage III
70
40

30

20

Stage IV
10

0,5 -
Present

Explanation of Diagram

Worms. Had a1 ability to respond to the amount of Tight
falling on either side of the body.

Fishes. Had a crude eye giving crude triangulation and hence
a sense of distance and direction.

Reptiles. Had an eye with a centrolled movement making more
accurate triangulaticn possible and hence the catching of flies
with the tongue.

Birds. The flying reptiles evolved into the birds with a highly
advanced eye,making very accurate triangulation possible. In
the predator birds the orbits have become more frontal,further
improving this ability.

Lizards. The 'izards evolved along a separate branch from the
Uirds.  One further branch evolved to the great apes, the

other to the primates and to man.

Primates. The tree shrew had a flexibility of grasp.

Tarsier. The orbits have become more frontal and the thumb
has become in apposition to the fingers.

Monkeys. The upright stance had freed the hands to develop,
and binocular convergence allowed them to inspect accurately
what they had.

Great Apes. These animals which evolved separ-ately from man
had stereoscopic vision.

Probably had a further improvement in convergence.

Ape-Man. Had an ability to inhibit the vision of one eye when
it interfered with what the animal wishes to see with the other
eye.

Homo Habilis. Had developed the precision and power grip and
was probably able to inhibit the vision of one eye when it
interfered with what the animal wished to see with the other
eye,

Homo Sapiens. Full binocular vision.
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Two-eyed Triangulation

After the development of a <rude eye, the position of an object
in space could be determined by trianguiation. The distance between the
eyes is the base of the triangle. The angle of the line of sight from
one eye to the cbject 1s known by the position of its image on the retina.
These three lines form a triangle, and the larger t.e angle between the

base and the lines of sight, the greater is the distence from it.

At the level of the fishes, triangulation had become essential to
survival, so much so that the flat bottom fishes have a binocular field
vertically. Triangulation from two-eyed vision is shown to be
advanced in the fresh water fishes to the extent that it couid we

used, not only to p1acé the body so that an ¢bject to be eaten fell on

the Tine straight ahead, but the exact cistance to the eye can be computea.

Luling (1963) has demonstrated that the Archer fish which can spurt water
and knock an insect off a twig into the river, cannot do so accurately

when one cornea is damaged by a parasite which attacks them.

Barlow (1975) has demonstrated a similar inability in frogs to catch

flies if the fibres of one optic nerve are damaged.

Triangulation improved further with the evolution of the eye
jtself, the retina becoming more sensitive, the outer coat stronger, soO
that muscles could move the eye efficiently, and a lens which focused
the eye of tl.. amphibian under water later gave man the ability to
concentrate on a near image for a long period of time (Walls, 1963).
The more accurate process of triangulation made it possible for predator

birds to locate a small animal in three ways :
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(a) By an asymmetry of the position of the images on the two retinae

they learn that a stationary object is to the right or left of the

line ahead.

(b) By the rate of change of the position of the two images they learn
that in relation to the viewer, the object is moviny away from or

towards them.
(c) They learn in what di-ertion and with what speed it is moving.

This information is clearly vital for survival, both in obtaining

food and avoiding attack or collision,

The loss of this ability in a one-eyed bird is demonstrated by
Shiffman and Walk (1963) who closed one eye of chickens and showed that

they then pecked indccurately and descended steps with less confidence

.nan th2 two-eyed birds.

It seems likely that the judgement of -epth without stereopsis, which
is shown by Charnwood (1954) to be present in, is the remaining

Tnheritance of this early evolution of two eyec vision,

The Development of Trie Binocular Vision

The third stage of evolution towards true binocular visiun began
when the eyes moved forward from the lateral position of the lower animals
towards the orbits of man whose central Tines are 22 degrees outwards
(Wolff, 1958). This change took place at the same time that paws began to
cvulve towards hands, sc that it was possible for both eyes to fixate a

snall object held between the fingers (Smith, 1959). It
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was accompanied by a major change in the neuro-anatomy of the optic

chiasma.

Walls ) states categ.' ically that in the lower vertibrates
all the fibres of the optic nerve cross to the opposite side; Polyak
(1957) 1is more guarded. He demonstrates that the evolution of the chiasma
began with complete nerves crossing each other, the right or left nerve
being above the other apparently in & random manner. Then the nerve
bundles became interlaced, but degeneration studies of the animal at this

stage show no interaction of the right and left optic innervations.
After considering comparative anatomical studies he continues:

Not all optic nerve fibres however terminate in the
contralateral half of the cerebum as one would be Ted
to expect from the completeness of the decussation in
the chiasma. The excepticn is two small fibre sheets
in the supraoptic areas.

It is pnssible that an almost compleve decussation is
found only in species in which vision is completely or
largely panoramic. The Barn swallow may concetvably
possess a visual system in which a fair portion of the
optic nerve fibres recrosses in a supra-chiasmal region
to the ipsilateral side effectively creating a condition
similar to the partial crossing of advanced animals.

Nobach (1958) in the James Arthur lecture on 'The evolution of

the Human Brain' said :

Further analysis of the development of the chiasma indicates
that a close relation exists between the degree of frontality
of the eyes and the proportion of uncrossed fibres. In brief
the number of uncrossed fibres is related co the size of the
field of vision where there is overlap bhetween the two eyes.

He supports this statement with these figures :

The lower vertebrates have crossed fibres only. In the rat
1/20th of the fibres are uncrossed, in the horse 1/8th, and
in the opposum 1/5th, in the dog 1/4, in the cat 1/3rd

and in man §.

—
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There is contention as to why these uncrossed fibres evolved.
Walls is of the opinion that right and left conjugate ocular movement
cannot be made accurately without uncrossed fibres ending in conjuncticn
with crossed, so that an error in movement could be accurately and quickly

corrected.

Mello (1967) has demonstrated that in pigeons, there is a transfer
of learning, but only if the targets were geometrically similar. What
could be Jearned and transferred to the ipsilateral hemisphere was

therefore very limited in form.

It can be demonstrated in the lower animals that what is learned as
a response to a visual stimulus to the right eye, is not learned by the
brain serving the left eye, and that the animal ZJoes not react if the right
eye is covered up and the same visual stimulus presented to the left eye.
This lack of learning can be produced in the cat, the monkey and the dog
by transaction of the chiasma and the corpus callosum, suggesting that
the purpose of the uncrossed fibres is to store learned visual perception
on both sides of the brain so that the animal can react to it, irrespective

of which eye receives the stimulus (Sperry, 1963).

Whatever the reason for this evolutionary change, the end result was
that in man, the vision received from the right nasal and the left temporal
fields are both transmitted to the left striate cortex, so the brain receives

two half nictures of the visual world.

The Evolution of the Visual Cortex

There is very 1ittle improvement in the eye itself between the

stage of the higher mammal and modern man. It was shown by Mann (1928)
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i g e 4



22.

that once the modern eye had evolved, it is the better brain that produced
the evolutionary advance rather than the improved individual eyes. The
evidence she advances is that the eyes of the carnivores and the birds are
in some respects superior to man. It was the improved brain of man which

made more use of the same yisual information transmitted to 1%, SO that

those animals whose orbits moved forwards provided the brain with the vype
of information which it could process with greater efficiency into the

construction of visual space. The changes in the brain which took place

with advancing binocular vision are given in detail by Prince (1949). N
He illustrated thic crange by comparing the tarsier with a lower mammal,
the tree shrew, whose eyes look more outwards than forwards, and which

has no visual association cortex; and with the baboon which he considers
has stereoscopic vision and has 2 further visual association, for example,

of the cortex. He shows that as the eyes moved toward each cther when

the position of the orbit became more forward, 2 greater area of cortex
was necessary to correlate one eye 1o the other, and that this development

took place at the same time as the co-operation beiween wand and eye lead

i A —— e

to skill with the hands.

The general tendency for visual reactions to move slowly to higher
cortical levels is demonstrated from the level of the rat where there is
a definite tendency to shift the emphasis from the mid-brain where it is

dominant in the infra-mammalian vertebrates of the forebrain (Polyak, 1957).

Comparing the monocular and binocular control of horizontal mystagmus
in cats and rabbits, Braun and Gault (1969) have been able to demonstrate

that the binocular function of a cat is superior to that in rabbits.

1f the neuro-hictology of the lateral geniculate body of the cat is

compared with that of the monkey, the latter can be seen to be able %o
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pass forward the retinal picture with greater detail than is possible

for the cat (Glees and Clarke, 1941).

In the monkey there is an increase in the area of visual sensory

cortex containing the white line of Genari, and the gorilla, orang-outang

and chimpanzee, have a greatel erea of visual association cortex than

the baboon. The man-ape with a brain about one-third the size of

modern man, had an additional association area not found in the great

apes which probably associated his vision with his manual ability.

Jones (1948) ai o states that the develcpment of frontality
of the eyes is related (o the evolution from paws to hands, and confirms J
that this is a major determination in the evolution of the brain. He

shows that when a definite area of the brain is the seat of a well

e W g A

defined sensation or sensibility, the motor centre that governs the

movements of the parts most intimately related to that sensibility, will

be in close proximity to that area of the brain in which th ry

centre lies.

Jones continues the argument that whea the hand is ac. -

tactiic organ, it is probable that a hand-tactile area will be deve ioped

in cortex beyond that devoted to snout touch, with a corresponding

motor area in proximity to 1it. The development of the hand as a tactile

organ will be correlated with in increased power of vision and an increased
visual area in the brain cortex, since the hands are used for bringing

objects into closer proximity to the eyes so that a clearer impression
of them may be gained.

He goes on to say that if you add to this fact the very reasonable

as<umption that visual impressions and tactile impression from the hands
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will be simultaneously correlated, then this association will give rise
to associations of touch and sight that were previously tactile-

olfactory sensations.

Advancing Man

The continued advance in tool-making is demonstrated by Tobias

(1964) who proposed the acceptance of a new type of early man Homo habilis.

This name is taken from the Latin meaning able o handy. The bones of the

hand suggest that Homo habilis had acquired the precision and the power grip

(Napier, 1962) and his culture shows him to be a more advanced touol-maker
than the ape-man. This evidence supporis the theory that man evolved
because he was able to make his tools, some of which served as weapons of
attack or defence. The need for improved binocular vision as man evelves is
noted by many authorities in the field. Magoun, Darling and Prost (1960)
state that as long as an enimal needed to run on its front legs, the
development of its front paws was restricted to the branch clinging fingers
of the tarsier. Upright stance freed the hands from locomoticn and provided
the circumstances where a mure efficient binocular vision was required to

guide ther,

Proof that it was early man's ability above his other assets which
allowed him to survive is shown in a recent study by Tobias (1975). Fossils
unearthed along the whole Fastern and Central Tength of the African Continent
show that two types of early man,one known as the robust, represented by

Australopithecus robustos and .ustraiopithecus boisei, and t.e cther the

gracile Australopithecus africanus lived alongside each other for som~ two

mi1lion years. Gracile man survived because he could use his hands to carry
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out the commands of his wits. Robust man whc relied on his strength

died out, and gracile man evolved to Homo habilis then to Homo erectus

and finally to Homo sapiens.

The ircrease in the size of the brain from Australopithecus to

Homo erectus, is given by Tobias (1964) in tha following table :

Total brain volume Parietal brain volume

Australopithecus africanus. p

‘Man-ape 520 cc 294 cc
Homo habilis. Handy man 573 cc 364 cc
Homo erectus. Pekin man 1030 cc¢ 470 cc '

From Man to Ape :

The fourth stage of binocular evolution may be deduced from the
changes in behaviour from man-ape towards man. It is generally agreed i
by the authorities that this took place because man was a tocl-maker

(Darlington, 1969; Clarke, 1970).

The authorities are virtually unanimous that these higher Tevels of
binocular vision became possible because of the improved association of
learned hand movements with improved binocular vision, and the same
authorities place the cortical control of this function in the parietal

Tobe of the brain.

Conclusions

The study of the evolution of binocular vision shows that an

advanced eye had evolved at the level where there was two-eyed
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vision but not binocular vision. The changes which produced binncular
vision were the increased frontality of the eyes, the development of
uncrossed fibres in the optic chiasma, and a considerable enlargement

of the parts of the brain dealing with the visual input.

The study shows that stereoscopic vision is present in the monkeys
¢o that the fine control of binocular movement must have existed at this

stage.

That these stages of evolution can still be traced in modern man
is suggested by the work of Braddick (1970) who demonstrated that there
is an advancing coding system parallel with advancing binocular vision,
so that binocular interaction depends on shape as well as on disparity.
He writes that his experiments:

demonstrate that a considerable amount of processing is performed

on the message from each eye independently. Neural re~-coding

takes place, but not before there is any binocular interaction.

Binocular interaction occurs at a number of different levels in

the visual pathway and that in at least some levels there is a

parallel processing both in two monccular chenmels and in a

combined channel.

A highly selective function of inhibition in binocular vision was
described in terms of a man working on a cube of wood held in his hands.

It seems 1ikely that this function was tne last to evolve and developed

as man advanced from Homo habilis to Homo sapiens.

This {s an ‘mportant conclusion for this thesis because it means that
the later stages of the evolution of man's binocular vision took place,
not parallel with the evolution of his vision, but with the development of

his intelligence.
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This being so, it would be expected that there would te non-visual
variables in binocular vision which would relate to the personality or

temperament of the subject.

The Anatomy ard Neuro-histology of Binocular Vision

For the benefit of the reader who is not familiar with the surface
anatomy of the human brain, the fissures, sui.i and gyri mentioned in the
text are depicted in Figs. 2.2 and 2.3. The functional anatomy of (ro

surface area is drawn in Fig. 2.4,

The Gross Anatomy

The two eyes may be Tikened in many ways to two small television
cameras which take moving pictures by a process of scanning, and transmitting
the result of the scanning in the form of a series of electrical pulses to

the receiving set, the brain,

The eyeball which may be compared to the body of the camera consists
of three layers: the outer coat, the sclera and cornea which is tough and
withstands the internal ocular pressure averaging 15 mm of mercury. The
middle layer which consists of the choroid, ciliary body and iris is a
vascular structure. Adherent to its inner surface is the internal coat, the
retina whose first layer is made up of pigment cells which absorb the

1ight focused upon them by the optical system.

The optical system has two lenses, one is the cornea which is

continuous with the sclera and has a dioptric power of 44 dioptres.
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The other suspended inside the eye is an adjustable lens, the
chrystalline len , with a dioptric power which can be varied from 16

to 30 diopters in the young.

The clarity, size and shape of the retinal image undergoes considerable
alteration if there is any error in the size, shape or chemical constituents
of the eye. An error of length cf the eye of one millinetre will blur the
visual acuity from 6/6 to 6/60. Similarly 2 minute error in the curvature

of the cornea will distort the image beyond recognition,

Tn contrast to these monocular errors in the tormation of the image
+he matrix of cones which converts it inty a nearo-electr:zal .icture,is

remarkably reqular {Polysk, 1941).

The ocular anatomy therefore shows that the Tw» 1mages are not
usually of exactly the same size, shape nor clarity, and that they are
formed on matrices of rods and cones which are not ideutica in the two

eyes.

Tnese images, wh n converted to eiactrical energy would require
to be adapted to eac. other in the visual cortex before they could be

unified intoc one visual percept.

The sensory perceptor, the retina, 1s a thin transparent membrane
Tining the nosterior aemisphere of the eye, and lying loosely against the
choroid. Some 1 250 P00 nerve fibres run from the 132 000 000 individual

light sensitive cells to leave the eye in a bundle at the optic disc.

The two optic nerves travel posteriorly and medially and leave the
orbit through the optic foramen. They unite in the optic chiasma which is

just anterior to the pituitary gland. Here the fibres underyo partial

T i
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decussation, the fibres from the left nasal half of the retina crossing over and
running with the temporal fibres of the right eye to form the right optic
tract, the right nasal and the left temporal fibres forming the left optic

tract. The tracts now carry fibres representing the two halves of the

field of vision. These fibres run parallel with each other, but make no

contact.

After leaving the chiasma, the tracts move laterally and posteriorly
passing round the cerebral peduncle to enter the lateral geniculate bodies

(L.G.B.). These bodies are part of the thalamus, and fibres from the right

and left retinae become associated here.

The actual purpose of the lateral geniculate relay is not known,
The bodies in the higher marmals have 2 well defined six layer structure,
and the crossed fibres terminate on laminae 1, 4 and 6, and the uncrossed

in 2, 3 and 5 (Le Gros Clarke, 1941).

It is known that the layers respond to different signals from the

retina, the on signal, the off signal and the on-off signal (De Valois

et al., 1958).

From this point onwards it is not known what happens to the original
innervation from the ganglion cells. Brodal (1969),who considers the
anatomy from the point of view of clinical neuroiogy. states that the

innervation may be inhibited by the output of efferent fibres coming into
the L.G.B.

From the time that a single innervation reaches the cortex the

origina? innervation may affect, or is affected by, as many as 5 00C neurons
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The optic tract continues posteriorly as the geniculo-calcarine
pathway, the fibres ending in layer 4 of the striate cortex. The density
of the fibres here is such that they can be seen by the human eye and are

called the white 1line of Gennari.

The course of the fibres from the retina to this cortex has been
plotted by the anatomists and it has been shown that the retina is
represented on a point to point basis here (Weale, 1960), but a study cf
battle wounds to the geniculate-calcarine tract (Pollock et al, 1957)
shows that point to point representation is far too simple an explanation.
According to the point to point theory, the wound should produce a blind
area proportional to the damage inflicted without affecting the adjoining
areas, but this is not so. If the normal field is tested tachistoscopically
for recognition of the position of the letter C, tne threshold is raised.

Battersby et al. (1960) also argue that the point to point representation

of the retina in the cortex is not satisfactory.

Bailey and von Bonin (1951) made an estimate of the number of fibres,
and the number of ganglion and stellate cells in the striate cortex, and
found them to be the same. This suggests that the two half pictures formed
in the striate cortex are pulsed forwarés, both intact to a higher level of

cortex.

1t would also seem necessary before the two retinal images are united,
that the brain was able to appreciate the whole retinal image and this would
require commissural fibres to the opposite side. There are no commissural
fibres between fhe right and left striate cortex, so that the image must

remain as two half images.
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Blakemore (1969) advances evidence that the creation of binocular
vition from binocular activated cells requires impuises to be passed
across commissural fibres. As these do not exist in the striated cortex,
he argues that binocular vision must be a result of a more forward neural

activity.

In all of the cerebral cortex, excepting the area dealing with tne
sense of smell, the neuro-anatomy can be subdivided into six layers. These
vary in their content in different parts o the brain, particularly if the
function of the cortex is largely the reception of sensory information or

the transmission to the mid-brai» of motor instructions.

Brodai (1969) p.644, reproduces a diagram of von Economo in which
an area of purietal cortex is drawn. This area includes the association
cortex in which learning is known to take pla e and includes the binocular
areas of Brodman, numbers 22 and 19. It extends from the intra-purietal
sulcus to the superior temporal sulcus and includes the posterior inferior

temporal gyrus.

Conclusions from the Anatomy

The ocular anatomy suggests that it is not possible for two human
eyes to form two idsntical images, and that the irregular matrix of rods
and cones which converts the image to neuro-electrical energy must send
to the brain two slightly different images. The neuro-anatomy indicate
that these two electrical pictures are transmitted tu the cerebral cortex
in complete integrity, though they may be both modified and interpreted at

the thalamic level by the lateral geniculate bodies. The fact that the

r .
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L.G.B. is part of the thalamu's suggests that it might carry out the
estimation of distance based on the observation of diplopia, using the
method of triangulation, observed in the lower mammals. Having done
this, the two neural pictures could be passed on with complete integrity

for more sophisticated analysis ai a higher neural level.

Although it is only here that non-visual variables would be expected
to be found, Douthwaite (1978) states that the visual system is influenced

by psychological factors which arise in the visual pathways to the visual

cortex.

Despite this opinion, it is unlikely that the perception of our
binocular vision is markedly affected at this level, or in area 17 because
of the lack of commissural fibres between the striate cortex of the right
and left hemispheres.  Although thi~ could be finalised in area 18, there
is no anatomical evidence that it takes place here or more anteriorly.
Evidence from the neurology and psychology of binocular vision and from
the EEG research described in Chapter 3, suggests that the final analysis
and composition of the binocular percept is a function of cortex forward

of the visual areas, invnlving the inferior parietal and posterior

temporal cortex.

The anatomical evidence that the function producing binocular vision
requires a degree of flexibility in analysing dynamic images, indicates
that whatever variable results in rigidity in the central nervous system as
shown in such behaviour as the perseveration of the authoritarian personality,

is likely to be present in binocular benaviour and could be isnlated and

measured.
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The Physiology of Binocular Vision

The Process of Unification and Summation

A major change in thinking concerning binocular summation came about

with the discovery (Bishop et al., 1962) that there are cells in the lateral

geniculate body (L.G.B.) and the striate cortex which orly respend to

hinocu®ar input. The lowest level phylogenetically in wrich these cells

have been found is in the opposum.

Goodwin and Hill (19C8) demonstrated that in the opposum a marsupial,
considered to be halfway between the reptiles and the mammals, 20 per cent

of the cells of the superior colliculus are binocularly stimulated.

In 1962 Bishop et al., using nicro-electrodes inserted stereotactically

into the L.G.B. of the anaesthetised cat,located the existence of cells which

are important functionally to binocular vision.

Tn 1963 Hubel demonstrated that the cat's L.G.B. had a small number

of ce’ls with binocular representation, and that these are different in

nature from the binocular cells in the visual cortex. sukuzi and Kato

(1966) produced evidence that the L.G.B. mediates inhibition in the post-

synaptic component of its response if the other optic nerve is stimulated

with a conditioning vc ‘ey.




Eisman, Hansen and burke (1967) demonstrated the same small
integrative effect in the cat's L.G.B. when the animal was alert, the

mass of the incoming information being passed on intact.

Barlow, Blakemore and Pettigrew (1967) confirmed this with two

targets finding a maxi.aum cell response in the striate cortex when the

targets were placed symietrically.

Henry, Bishop and foombs (1969) demonstrated the existence of cells
in the striate cortex originally thought to be monocular directional
sensitive cells, but found to be binocularly stimulated. Hubel and
Weisel (1968b) confirmed the existence of these cells with the study of
kittens with one eye sutu-ed for the first 37 days of life. They also
demonstrated (1968a) a majority of the cells in the striate cortex of the
Macaque monkey to be monocularly driven. Their number in area 17 was greater
than that of the cat, but similar for area 18. They also found various
differences in response in the various Jayers of the striate cortex, and
make the interesting comment that the cells of the Macanue cortex which
are driven binocularly are in layer 2 and the upper two-thirds of layer 3,
while the cel.. in layer 4 only responded to a monocular 1qput. They also

note that the cells which respond hinocularly exhibit a marked ocular

dominance.

Marg (1970) has recorded the binocular activity of cells in the
human cortex using embedded micro-electrodes, and states that the responses

are very similar to those of the monkey.

Perry, Childers and McCoy (1968) took binocular recordings from

four occipital areas and showed a large variation in the summation
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resulting from their binocular input varying from a minimum of eight per
z2nt to a maximum of 43 per cent. They also found marked difference

between observers.

From this evidence it may be assumed that binocular vision i5 the
result of the ac.ivity of specialised cells in the L.G.B. and the occipital
cortex which respond to a binocular input. Their output is maximum where
there 1s agreement in size, type and pusition of two targets, and their
activity is inhibited when the retinal image of one eye is not consistent

with that of the other eye.

This conclusion is supported by the finding of Burns and Pritchard

(1968) who considered their experiments on monkeys and write:

A3

The visual system maintains binocular fusion by continually
hunting for those directions that provide the greatest
cortical response combined with the smallest area of visual
cortex excited.

The Location of the Sinocular Visual Cortex

The experiments of Pasik and Pasik (1964) on optokinetic nysta:;us
with monkeys had suggested that binocular vision was only created through
the sub-cortical commissures subserving this area. If this is so then
binocular visien cannot be produced by area 17 as there are no commissural

fibres between the striate cortex of the two hemispheres.

The function of stereopsis has been located in area 18. Baugh (1970)
established that monkeys respond to stereoscopic targets and Hubel and

Wiesel (1970) located the cells in area 18 which respond to this input.

P —
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Duke Elder (1949) put forward evidence for an area stightly anterior
and inferior to the angular gyrus where convergente may be initiated.
This is supported by the discovery of coriex involving Bradman's areas
72 and 19 which, when stimulated in the Macaque resulted in convergence,
accommodation and pupillary reaction (Jarpel, 1959). It seems 1ikely that
from area 17 onwards there is movement control which increases in
sophistication as the Tocation is more anterior. Foerster produced
ocular movements in man from area 18 a.d Penfield,in association with
Boldrey, obtained ocular movement in the posterior parietal regions, but
only by using higher intensity currents, an indication that the function

is complex.

This would support the requirements of stereopsis in terms of
movement, that the eyes and the cortical analysing system must be able
to align the eyes to an accuracy of about 1 minute of angle and that there
is some relation between the analysis of stereoscopic disparity and

flexioility of convergence.

The Behavioural Evidence as to the Nature of Summation

Half a century ago experimentars in this field disagreed as to
wheiher there is, or is not, binocular summation of the retinal inputs.
The reason for this disagreement is twofold. If the targei area
stimulated, is large, the lowering of thresholds is very small, and
Pirenne (1943) and many others argued Jhat this amount of increase is

not greater than chance, due to the use of two detectors rather than one.




This argument was advanced despite experiments which showed that
if the two stimuli were not on corresponding points, increase in

detection due to chance could be measured.

With improved methods the evidence from human experiments in favour
of summation has increased until it is now irrefutable, It can be

summarised under the types of stimulation demonstrating summation. These are:

(a) The visual threshold of light. :
(b) The recognition of form.
(c) Binocular brightness.
(d) Pupillary reaction.

(2) Response time.

(f) Critica® fusion freguency.

The research work on summation carried out prior to 1935 is collated
and criticised by Dorothy Shaad (1935). She demonstrated that there were

10 researchers or pairs of researchers whose work demonstrated simmation

and six who denied it.

She was followed by Crozier and Holway (1938-9), Forbes and Mote
(1956) and Zigler (1958), all of whom demonstrated both summation and

something of the conditions producing it.

Summation of Light

Given improved computer programmes, the probability of a Towered
threshold when seeing one stimulus with two eyes has been calculated

with greater accuracy, and it has been shown by Matin (1262) and Ronchi
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Gloria (1965) that the increase recorded is greater than that computed

as due to chance.

Matin (1962) also showed that when the interval between the time
of presentation is nil, maximum summation takes place and that summation

decreases as the time between presentation to the two eyes increases.

More recently Thom and Boynton (1974) have again shown that summation
does not take place it non-corresponding points are stimulated, and they
regard the summation which takes place when the stimuli are in precise
correspondence as physiological. Zigler (1958) demonstrated a similar

lowering of the threshold for scotopic para-foveal stimulation.

Considering all the evidence it is now clear that central neural
summation of the bilateral retinal inputs does take place fe~ light

provided that :

(a) The stimuli are presented at the same time.
(b) That they are approximately equal in size and illumination.

(c) That they are presented to corresponding retinal areas.

It is however, questionable it the summation can be called
physiological. The amount of increase of the binocular percept over
the monocular is extremely small (Wolf and Zigler, 1963). This is not
the final common path of Sherrington. It is nearer the summation of
percepts of the same target by different senses and might as reasonably

be called a psychological assembly as a neural summation.

The threshold for form perception is lower in binocular than monocular

vision (Shaad, 1935). Humphriss and Wortley (1971) found a slightly superior
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binocular visual acuity over a monocular acuity in three groups of
South Africans, Bantu, Bushmen and persons of European descent.
Erikson and Greenspon (1968) found binocular summation for form perception

provided that there is retinal correspondence of the presentation and the

exposure is brief.

Binocular Brightness

Fechner noticed that under some conditions brightness was Tower
binocularly. This was explained by Teller and Galanto (1967) who
demonstrated that this binolular lowering of brightnass takes place if the
i1lumination entering one eye is 12 per cent lower thar the other, and
that what has to be within the 12 per cent agreement, is the light after

it has been moderated by contrast.

Engel (1967 « . -+'» to finu a mathematical function for brightness
summation, which was the vector sum of the uniocular brightness response,

and the special cross correlation of the uniocular test fields.

In addition to the brightness summation it has been observed that there
is a greater pupi'lary reaction to binocular stimulation than to monocular
(Thompson, 1947) and after images are seen more quickly and Tast longer when

stirulation is binocular.

Response Time

Gi1111and and Haines (1975) show a reduction in response time to a
target presented binorularly over c. . presented to the monocular dominant
or non-dominant eye. This reduction in response time takes place over the

retina from 60 degrees nasally to 90 degrees temporally.
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Summation in Critical Fusion Frequency (C.F.F.)

The slight superiority of binocular vision over monocular can be

demonstrated precisely with C.F.F. results. Ireland (1950) repeated the

experiments of Sherrington and showed that there is a rall in threshold ;

binocularly over monocularly, but there is a rise in threshoid if the

flashes are out of phase. His results with twe subjects were :
1

Subjuct I Subject 11 |
Dominant eye 29,8 31,2 per second E
Non~dominant eye 29,9 31,0
Binocular in phase 31,5 32,8
Binocular out of phase 28,9 29,4

o — gt e =

These figures are typical of the very small improvement in binocular

over monocular vision.

An unexplained aspect of binocular vision is a difference between the

. eesem A

accuracy of recognition in the the two fields, depending on which eye sees

the target. Corbalis (1964} demonstrated that letter recognition in

binocular vision is more accurate in the left field for letters presented

to the left eye, and the right field for letters presented to the right eye.

The behavioural evidence concerning binocular summation supports the

neurological evidence, that summation is at a maximum when there is agreement

between the targets and that corresponding retinal points must be stimulated.

The behavioural evidence shows that the threshold for binocular vision

t the above conditions exist.

15 lower in every aspect of vision provided tha
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Again it remains questionable if the very small improvement of
yinocular over monocuiar vision could correctly be called physiological
summatica. It has been shown to be due to the activity of binocularly
activated cells and it seems that the improved binocular thresholds are
not the result of neural summaticn. it is more Tikely to be due to the
activity of special cells whose sensitivity is, for some unknown reason,

very slightly more efficient than the monocular cells.

Behavioural Evidence as to the Nature of Binocular Fusion

Non-Visual Differences in Binocular Tests

Several researcners in binocular vision have commented on the
variability in their results, and one or two have mentioned psychological
conditions which they relate to the variation. Ogle (1950} states that
the shape of the horopter is partly deiermined by the degree of eideticism
of the viewer. Lyons (1966) also mentions the wide differences between
observers in horopter measurements. Levigne (1953) observed but did not
demonstrate a relation between intelligence and the establishment of an
abnormal retinal correspondence.  Humphriss (1961) established a
relationship between retinal inhibition in a state of retinal rivalry and
the age of the subject. The graph relating these two functions does not
appear to be that of maturation or senescence, and the writer suggests
that it is due to a loss of lability wnich occurs as the child becomes

*

experienced.

Binocular Fusion

When two eyes approach what appears to be a comnon target diplopia

results so that the twn retinal images may be compared. Winkelman (1953)

ey e el T
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has shown that if one of the two images is recognised as not to be fusible
with the other, then ihe movement towards the target is reversed, and the

images are separated.

If the images are fusible, then any error in alignment is corrected,
and as their proximity incre ses there is a compulsive mcvement which
increases in speed as the images approach the fovea until they jump into

precise alignment and summation takes place.

When fusion is achieved a locking mechanism is created which holds
the fixatinn of the two eyes to precisely corresponding points on the

retina, a rignt-left relationship which is very rigid (Flom anu Ker, 1967).

The strength of the fusional lock varies considerably with the type

and size of target. As the targat is moved away from the fovea centralis,

fusion weakens, but its depreciation is not proportional to the fall off
of the visual acuity (Ludvigh, McKinnon and 7:ityett, 1965). Their

results showed a marked difference in the results of their three subjects.

It has been demons\rated that the greatesi strength of fusion is
achieved if there is a common fixational point and a peripheral fusional
lock. There is also some relation to the amount of contour visible in the
viewing central area and that the grester the amount of contour, the
greater the fusional lock, but no mathematical relationship between the

two has been established.

The fusional lock is not affected by the observer's interpretation of
the target (McLoughlin and Rifkin, 1965) but therz2 is a stronger lock for a
target which can be interpreted as a complete Gestalt than a target of the

same smount of contour which is a namele-s shape (Cowan and Bliss, 1967).
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The strength of the fusional lock varies considerably between
normal subjects (Mitchell and Francis, 1961). 0Ogle divided his subiects
into tight and loose fusers; Bennet et al. (1958) demonstrated that the
act of fusion was neurologically slow, they also divided their subjects
into fast and slow fusers. Brecher, Hartman and Leonard (1955) showed
a sTowing of the fusional act with very Tow blood alcohol levels. The
seeing of two diplopic moons by persons who are slightly drunk indicates

that the fusional function is not very stable.

Measuring the Fusional Lock

The strength of this Tlock can be measured in a variety of ways
(see Chapter 5), the distribution being very similar to that of an

intelligence quotient (Fig. 2.5).

A very different distribution is found if the position of non-
fusion of the eyes is measured. This can be done by placing before one
eye a device which so distorts the image that it is not fusible with the
other. The eye then deviates slightly from the position of fixation of
the other eye. The amount of deviation can be measured with a Moddox rod,
which distorts a spot of light into a Tong thin line. For ease of
comparing the position of the Tine with the white spot, the s’ eak is
usually coloured red (Borish, 1970a).

The deviated eye is then kept in position by the normal tonus
of the six ocular muscles and the position may be regarded as physiological
as the subject cannot control its relation to the vertical, nor cause
it to move in divergence. A few subjects can converge voluntarily and cause
the 1ine to move away from the spot, but this can be prevented by an

instruction to them to relax and not make any such effort.

P tn—— o ——
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The distribution of the deviation of a right eye to the right
{esophoria) or left (exophoria) from the spot can then be measured and
plotted (Fig. 2.6;. The test can be repeated with subject fixating a
spot of 1ight at u distance of 33 ems. The accommordation is then active
and convergence is innervated by the output of the third cranial nucleus.
As the convergence-accommodation neural Tinkage has some degrec of
flexibility, it might be expected that the distribution of the error in
position of the non-fixing eye under these ¢ircumstances would be greater,
but this is not so, in the great majority of patients very Tittle
convergence is recorded (Fin. 2.7). The distribution is similar to that
of many physiological functions, that is, the standard deviation is very

small,

Retinal Disparity

There is an aspect of peripheral vision which demons*rates a flexibility
which varies between individuals. It is known as retinal disparity or

retinal slip.

If a fused picture of a square and two central dots is created from
two squares wnd one dut slightly above centre and one slightly below it,
and if a base of prism is placed before one eye, forcing 1t to converge
s1ightly in the interest of retaining fusion, then the marks separate and

assume a slightly divergent position.

It would be thought that the vertical edges of the square should now
demonstrate a slight diplopia, but this i, not so. They remain fused
(Borish, 1970%).
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This flexibility in fusion, also deronstrated in the distance

between the horopters measured with the target moving inwards and

outwards, is known as Panum's area (Mitchell, 1966; Fender and Julesz, 1967).

This area of binocular flexibility is not the same for distance and
near viewing (Richards, 1971) and there are considerable differences

between subjects, particularly at the near distance.

Solomon (1973) states that these differences can be explained by

the tortion of the eves in near vision.

Extersive research has been done clinically on the relation of the
stress placed on the ocular muscles and the amount and type of disparity
- demonstrated (Ogle, 1950 3 Carter, 1964 and Lyons, 1966) and instruments

have been devised which are claimed by their inventors to measure the

amount of relieving prism reguired by a patient who demonstrates this stress.

One of the instruments devised by Mallet (Lyons, 1966) was used on a
Targe group nf optometry students to see if its variability was repeatable
and 1f it was sufficiently reliable to use statistically in this study.
The results were not favourable. The majority of the students with
measurable heterophorias recorded nil disparity, and none of those who
gave positive results repeated them when re-tested four days later. For

this reason retinal disparity wus not used in the design of the optometry

battery of tests

Conclusion

The summary of the anatomical evidence was that some sort of
flexibility in binocular fusion had to exist because the anatomy of the

eye was such that the two retinal images could not be exactly the same.
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The physiology shows that such a flexibility does exist, and that in
sumnating the two inputs a very small lowering of the monocular threshold
results. This is not consistent with a common end path, but more with an
assemblv of psychological data. The degree of flexibility is shown to
be similar in all aspects of fusion, and the experiments described show

that it can be measured.

Binocular Movement

The Neura. .ontrol of Movement

Bio-physicists researching in the field of cybernetics have become
interested in ocular move.ent because the eyes respond to a central
innervating mechanism which represents a type of remote control. These
systems can be identified by their var.ation, that is, in the way in which
the moving mechanism behaves in relation to the controlling centre. There
is a lag before movement takes place, 2 variation in the degree of accuracy
of Tine up, a difference in the speed of movement achieved, a tendency to

oscillate at the end point of movement, and a damping system to prevent this.

If this data can be established, then the researcher in cybernetics
can identify the type of remote control system used. That this analysis
will apply to ocular movement is suggested by Robinson (1968) who comments
on the similarity to a large gun moved by remote control instruments, and
by Childress and Jones (1967), two electrical engineers, who note the large

amount of damping in ocular movement.

An analysis of the responses showed that there were three separate

controls. One dcaling with reflex movement was coarse and fast, the second

AT~ —my——— . A
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controlling voluntary movement, was slower and a iittle more accurate, end

the third, much slower but very accurate, dealt only with binocular movement.

This discovery is consistent with the neuro-anatomy. The pyramidal
cells of Meynert have dendrites which are innervated by 30 retinal ganglion
cells. The cutgoing efferent fibres are large and heaviiy myelinated, and
1ink the occ pital lobe directly with the midbrain Tris is ideal

neuirolngy for crude fast reaction to visual stimuli {Wolff, 1958b) .

The second control must be 1. the frontal eyefields which are concernad
with voluntary movement, so that if the left hemisphere is stimulated, both

eyes turn to che right (Crosby and Henderson, 1952).

Evideace already vresented suggerts that the site of *he third control
ic in areas 18, 19 and 22 with 2 particular concentration in the anguiar
and marginal gyri. The areas appear to interact and there is not yet any

clear evidence as to precicely the iunction of any of them.

The binocular innervating systems produce tw~ types of binocular
movement, paired conjugate movements, where the eyes move in the same

direction, and vergence movements when they mcve in opposite directions.

Movement in search of a tzrget is achieved through a series of jumpy
or nystagmic movements until fixation is achieved, when the eyes drift away
and are brought back towards it by a Fflick., Pickwell (1972) established that

the initial flick is generally greater in the dominant eye. There is evidence

of a binocular controlling centre in the amourt of agreement between the right

and left eyes when making these movements.

Nachmias (1961) found that the saccadic movements were correlated,

but the drifts were not. He observed considerable difference between

AU
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observers in tne drifting behaviour. Carifa and Hebbard (1967) recorded
physiological nystagmus binocularly and their records show that the
saccades occur simultaneously in each eye, usually in the same direction
and with similar magnitudes. They also recorded a micronystagmus which
is not binocularly co-ordinated except when the tremor exceeds 36 seconds

of arc in magnitude, which is rare.

Hebbard (1964) called these tremors, and measured them as having a
movement of 10-14 seconds of angle and a frequency of 85 per second. He
measured the saccades of 5-6 minutes of angle at a frequency of 1-2 per
second, St. Cyr and Fender (1969) summarised the evidence concerning
conjugate binocuiar movements, plotted the right against the left eye
movements and produced a scattergram showing a high positive correlation
beiween the right and left correcting flicks which are binocularly

innervated. There was more scatter in the plot of the drifts.

The time difference hetween the right and left eye movements
was measured by Less (1970) who demonstrated that the binocular innervating

centre can detect a time difference of 25 minutes per second.

Although the saccades of the right and left eyes have some agreement,
the amount by which they vary should produce a type of diplopic confusion,
*he eyes being sensitive to much smaller angles than the movement differences.
This, and possibly the avoidance of a field of vision w..ing in the opposite
direction to that of the eyes is avoided by totally suppressing the vision
during the saccades (Latour, 1960). Starr, Angel and Yeates (1969 showed
that the suppression did not take place during smooth movements, such as

following or tracking.

e e I
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Vergence Movements

The search for a targel through vergence movements is also
achieved through right and left saccades. Alpern and Wolter (1956)

show that in this binocular search for a near target, one eye makes a

saccade in an incorrect direction. Alpern (1957) confirmed this behaviour

and found very different responses between observers. The controiling
mechanism acts as though a conjugate movement were required, and when it

is discovered iiat this is net so, the system switches to vergence

control (Tamler, Jampolshy and Mang, 1958;.

Rashbass and Westheimer (1961) demonstrate that the amount of movement
is proportional to the magnitude of the disparity in position of the two
eyes to the target. The correcting movement can be altered while it is
being performed by a target change in disparity. The eye responds to this

in 160 movements per second but takes 800 movements per second to complete

a vergence movement.

They also demonstrate that the time lost in correcting the directional

error of the first saccade partly accounts for the slowness of convergence

movement.

Krauskopf, Cornsweet and Riggs (1960) deduced from their analysis of

vergence movement that there is a movement centre which is aware of the

extant and direction of the errors of binocular fixation and innervates the
saccadic corrections, not towards the fovea, but towards the mean position
of error of the two eyes. These correcting saccades were found to correlate
with each other, 0,40 indicating the existence of 2 binocularly innervating
The marked difference in vergence movenent

centre for vergence movements.

behaviour between subjects was noted by Huang and smith (1970) who detected
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ey= movements in photosensitive electric cells activated by light refiected

from the scleral corneal margin. The subjects were five young females.

The input from the cells was fed into an averaging computer which
calculated the difference in time and distance between the saccadic eye
movements of the right and 1eft eyes. One observer produced almost exact
agreement between the right and left saccades, the other four girls showed

variation in magnitude, form and time between the right and left eyes.

Convergence and Divergence

There is not agreement as to whether there are two different control
systems for convergence and divergence, although it is agreed that both

systems vary from the control of cornjugate movements.

Clinically it is known that patients suffering from gener.l or ocular
tension are esophcric (have a tendency to converge) while those who have

a debilitating disease are exophoric.

Wwertheim and Mitchell (1956) found that fusional movements of

convergence were faster than those of divergence (relaxation of convergence).

They also found that the eye movements are directed by a binocular centre.

Boubier (1964) repeated the investigation and found that conjunctive
movements were twice as fast as convergence and this was faster than
divergence. She also found that the eyes remain fixated for as long as
two or more reaction times, and she argues that having made a fixation,

the brain needs time to consider its next movement.
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It was believed for many decades that Perlio's nucleus, a medial
part of the third cranial nucleus, was a centre for convergence. A
lengthy neuro-anotomical and physiological investigaticn by Warwick (1955)
disproves this. Warwick snows that there is no nucleus in the mid-brain
controlling convergence as these nuclei have no integrative ability. He
demonstrates that the mid-brain nuclei only carry out the orders of a higher

centire.

Convergence may be produced by stimulating accommodation, and
accommodation always accompanies forced convergerce. The amount of
convergence induced is a linear function (Flom, 1955 and 1960; Wallis, 1966)
which is very constant for the individual, but the slope of the graph varies

between individuals and suggests a neurological difference.

There is no evidence as tc the type of control which results in
fusional compulsion. When the two eyes &re each within one half a degree
of the target, a fusional compulsion takes control and an abrupt movement

into precise alignment is made (Lange, 1953).

Cycloversion

There is ar objection to the use o1 convergence and divergence
as a test of fusional strength because the measurement is complicated
by the convergence-accommodation 1inkage. Thus the experimenter does
not know if he s measuring the strength of fusion or the flexipility

of the mid-brain linkage.

This objection does not apply to cycloversion which is a rotational
vergence when the eyes rotate in opposite directions te each other. This

effect can be achieved by fusing two vertical 1ines in a haploscope and
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rotating them in opposite directions when the eyes make the same movement

in the interest of fusion and retaining single binocular vision.

There might be two explanations of this unity. The eyes might
rocate in their sockets, or the images might rotate in the cortex. Which
of these two did in fact occur was the subject of debate for almost a
century. The cyclo-rotational movements of the eye were first reported
by Nagel in 1861, Helmholtz reported the ability to retain a fused image
which was rotated by viewing through a rotating prism, and Hering queries
the validity of the experiment in 1869. The first demonstration that
cyclofusional movements do take place was made in the classical experiments
of Hofman and Bielchowsky who rotated cards of print which had drawn on
them two parallel lin=., cne seen by each eye. Later Brecher, using a
telescope to watch martings on the 1ris,measured the actual movement of
the eye and confirmed :hat the eye does rotate in its socket from five

to eight degrees.

Verho! rafuted this and insisted up to 1930 that tha rotation is
in the cortex and not in the eye itself, but in 1934 he repeated Hofman
and Bielschowsky's experiments and agreed that these movements do take

place.

Ogle and Ellerbrock (1946) summing up the experiments in Germany

and America, say:

no longer is there any question that cycio-fusional movements

can be enforced, and these movements fall into the category

of reflex movements, characterised by Hofman as psycho-optical
reflexes in that they depend on the attention of the observer,

and yet, when that attention is given they act as reflex
movements, and can be neither induced nor suppressed spontaneously.
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In 1950 Moses marked the limbus with ink dets and measured the

tortion on oblique gaze. He found these amounts of tortion :

5 15 25 35 45 Obliquity of gaze
ém 1 249 540 9 44 Degrees of tortion

He found that the angle of the after image agreed with the

demonstrated tortion.

Ellerbrock (1954) describes a refined method of inducing cyclo-
vergence movements and comments that some of his subjects fused two
black threads into a Y. A similar result was found in the experiments
described in this thesis, and this perception is interesting because it
demonstrates the ability of the cortex to change the shape of a simple
stimulus, as it is apparent that two straight threads cannot be seen as

ay.

A possible explanation of this perception might be found in the work
of Thorn and Boynton (1974) who demonstrated that adioining areas of vision

are affected by the disparity.

Ogle and Ellerbrock also consider cyclo-vergence movements in terms
of spectacle wearers whose astigmatic prescriptions tilt the retina images
away from each other. The authors show that in persons who have worn an
oblique astigmatic correction for many years, a cyclo-vergence movement is
sti11 made to adjust the position of ihe image towards that of the other
eye. Their results suggest that cyclofusion movements occur much more
freely, readily and frequently than is generally recognised. It may in
fact be {nferred from their experiments, that in man, cyclofusional muvements

take place constantly during the normal process of seeing.
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Pascal (1955) states that there is cyclo-vergence in opposite
directions in convergence. Fixing at 8 cm each eye has incyclo~vergence
of 4 degrees. In oblique positions of the eye, the eye may be extorted,
but on convergence of the other eye it intorts. Belchcr (1964) makes
the very interesting point that in reading, the eyes look downwards and
inwards and tortion is required in opposite directions. This may well be
a reason why man developed the oblique muscles whose major action is
tortion when luoking invards. These muscles, the superior obliques, are
intorters and depressors, and it may be that the saparate nerve supply to
this muscle (the fourth cranial nerve) resulte. from the need to adjust
the position of the twn eyes to each other in iie convergent looking down

position.

Allen (1967) again surveys the literature on cyclophoria. He
placed a horizontal thread on the anaesthetised cornea and measured its
rotation when the other eye converged. From 17 subjects in the primary
position he recorded rotations from 0,0 degrees to 3,6 degrees. He shows
that there is an increasing cyclo-vergence with elevation and depression,
and with convergence reaching a maximum excvcla-vergence of 13,0 degrees

at 30 degrees of convergence with 40 degrees of depression.

More recently Kertesz and Jores (1969) demonstrated that the cyclo-
vergence does in fact consist of two parts, a movement of the eye and a

movement in the cortex, that is within Panum's area.

According to Fells (1975) the muscles which are largely responsible
for the rotation whic@ aligns the retinal horizontal with the terrestrial
horizontal are tne superior obliques. This may be why they have a
separate nucleus to innervate them and a rather complex action through a

pulley.

e ]
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Summary

The physiology of binocular vision may be summarised as follows :

The process of unification and the analysi of diplopic differences
is probably performed by binocularly activate . cells in the L.G.B. and

the cortex of areas 18, 19 and 2:.

This conclusion is consistent with a large amount of behavioural

evidence concerning binocular summation.

The evidence as tc the control of binocular movement may be

summarised as follows :

(1) There is a separate neurological control for binocular movement.
(2) This control is situated forward of the striate cortex and is

located in areas 18, 19 and 22. It is probahle that these

three areas carry out different functions.

™ -

(3) The controlling cortex is aware of the differences in binocular
fixation and corrects these by making movements of the twu eyes
individually towards the position of mean error between the two

eyes.

Both in the process of unification and ‘“~ contre! of binocular
movement, the behavioural researcn zhows able difference in the
results of tests done by subjects who # J1v normal., In the two
fields, the existence of non-visual variabies in binocular performance is

clearly established.
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The Nature of Visual Inhibition

SuEEression

If a pencil is held 10 cms above a page of reading matter in line
with the nose and the centre of the page and the text is read, persons
with normal binocular vision do not find any parts of the word occluded
by the pencil. When the pencil is before the right eye, the image of
the pencil is inhibited and the word is seen by the left eye. As the eyes
scan along the line of words the image of the pencil produced by the left
eye is now inhibited, and the words are read from the right retinal image.

When the pencil is removed, binocular vision for all the words results

(Giles, 1943a) .

If a plus three sphere is held before the left eye and a distant
chart of Tetters is viewed, no letters are legible by the Teft fogged
eye. This blur can easily be inhibited and the letters read by the right
eye. If however, the plus Tens is moved in a slow circular movement, the

centre of the chart tends to disappear and the moving blur is seen

(Humphriss, 1937),

A patient who is astigmatic in one eye only and does not wear
glasses has a similar binocular condition, except that one re*inal image
is permanently blurred. Mn optomteric examination a Towered visual
acuity is often found in the astigmatic eye, and on the haploscope a
central permanent scotoma can be plotted. This area of central retina
1s now permanently inhibited. Patients suffering from this permanent

suppression can draw a picture showing the blank central area (Humphriss, 1937).

- v
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Examination of the nature of'this scotoma shows that it is not
absolute but relative. Vision of Tight and of movement is not lost,

perception of pattern is lost {Fox and Check, 1966a).

A1l of these conditions fall under the heading of suppression or
inhivition and they are frequently used during this thesis. In order
to differentiate between the irreversible inhibition of the temporary
inhibition, the former is called suppression (its clinical name is

suppression ambliopia), and the latter function, suspension,

Visual Suspension

Humphriss (1937) investigated the factors that cause one of two
non-fusib:e images tc be not suspended, and found that:
subject can see either image, be it stationary or moving, by trying to
see it or by thinking hard of it. If subject relaxes and does not try
t¢ see either image, then the moving image is seer. Similar inhibition
of a stationary target was found by Grindley and Townsend (1965), and
Fox and Check (1968) demonstrated that if one eye is suspended and a
target moves in that field, then it takes the subject longer to record

the movement than if the target is moved before a non-suspended eye.

Humphriss also demonstrated that if one image is clearer than the
other, then the clear image is seen. The weakest factor in bringing one

image to consciousness {s brigntness. The clarity reaction dominating

a blurred brighter image was used in the design of a retinal rivalry test

used in the experimental work.

During our experiments on the effects of blurring one eye of a

normal subject, we began to suspect that the fovea certralis responds to
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very small differences in right-left clarity, and as this might have a
most important clinical application in optcmetry, an expe“iment was

set up to investigate the reaction. Our first difficulty was to design

a test in which a subject could react to right and left differences at a
Tevel of near maximum acuity, that is 6/6 (20/20). Attempts to make
photographic slides were not a success. Good results were eventually
achieved by using a chart 6 metres away from the observer in which a small
{1luminated chart was seen which was partly monocular ard partly binocular
When we had demonstrated on a pilot group that the observer could detect

changes at the level of 6/9 acuity the following experiment was performed:

Method : A vertical rectangle 24 mm high by 12 mm wide was drawn and
bisected. In the upper square was a vertical line equal in acuity to 6/9
and in the lower a similar but horizontal line (Fig. 2.8). The target was
mounted on a dark brown sheet of masonite arnd fixed to the wall behind the
subject's head. It was illuminated by a projector using a rectangular
strip of light slightly larger than th target. The room was otherwise
in darkness. The advantage of this type of illumination was that when a
doubling prism was used, only the small illuminated chart was seen in
diplopia, the level of illumination in the room be: 7 insufficient for
subject to appreciate the diplopia there. The target was seen by the

subject through a mirror placed 2,7 m before them, the target on the wall

being 3,3 m from the mirror. The subject was shielded from the illuminating
projector. A refractor head was positioned comfortably before the subject

and a base in prism was introduced until the rectangle doubled horizontally.

A vertical prism was introduced before the second eye which lifted the
rectangle by half its height. The base-out prism wzs then reduced until

the two half rectangles fused.
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The four steps are il‘ustrated in Fig.2.8.

What s now seen is a -~ectangle consisting o three squares. The
upper square is seen by the right e, the lower square by the left eye.
The central square is seen binocculariy and therefore contains a cross of
which the vertical part is seen only by the right eye and the horizontal
by the left eye.

Subjects. The subjects were seven members of the staff of European
origin, and 14 simil~r patients selected from the practice as visually
normal. Subject was to look at the target and describe 1t. Plus
sphere in 0,25 D steps was introduced before the dominant eye until a
change was noticed. The plus was then reduced in the same steps back

to normal. The procedure was then repeated on the non-dominant eye.

Results. Tne result varied between the young and the older subjects.
Some young children reported that when the first 0,25 lens was introduced

before the right eye, the vertical line in the centre square disappeared.

Most of the patients below 20 years of age reported that the 1inc

had vanished when the 0,50 fogging lens was placed before the right eye.

A1l subjects reported that the 1ine had vanished when the lens was

increased to the 0,75 D sphere.

Wren the plus lens was removed, the °0ss was seen again in the central

square.

No subject reported the disappearance of a part of the rectangle,

only of the 1ine inside 1t.

- ——— ] ——
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Conclusion. The visual cortex dealing with binocular vision can inhibit
any part of an image, however small, which interferes with binocular
clarily. This process of inhibition is slightly affected by the age of
the subject, the older subject requiring a little more blur to the imag»

before it is inhibited.

The results in this cxperiment were confirmed in a further experiment.

The same subjects were used.

jg}ﬂgg. The subjects were seated before a synoptophore which was adjusted
to their comfortable posiiion of binocular vision, and the two slides

(Fig. 2.9) were put into the instrument. One eye was then increassingly
fogged with plus sphere taken from a trial case and placed in the auxiliiary
lens holders before the eye pieces. The subjects were asked to count the

number of dots they -ould see.

Result. As the fogging increased all subjects counted a Tesser number

of dots, the smaller dots in the centre having vanished.

The conclusion from the experiment is that if the vision of one eye
interferes with what the observer wishes to see, an area of vision equa’
to the interfering area is suspended. This suspension is discontinued
as soon as it is not necessary. When the suspension operates, it is as
though a very small central area of retina, probably not more than a half
a degree in subtention at the centre of rotation has been occluded. The
author referred to its use in the consulting room as 'The Psychological

septum' (Humphriss, 1962).

Binocular Refraction

This was an exciting discovery for a clinical optometrist. It
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made clear that if one eye of a patient is fogged with a plus 0,75 sphere,
a very small area of central retina, probably not more than one half of a
degree of the fovea centralis, is suspended. Binocular vision is otherwise
normal. The optometrist can therefore refract the unfogged eye as though

the .ther eye were occluded.

A research programme was instituted to find out the ideal viewing
conditions for this refractive technique, and after some two years of
research a complete binocular refractive technigue was developed. This

is now taught and used all over the world.

Peripheral Suspension

Suspension also takes place in the peripheral retina. If you sit with
your left shoulder towards a well sighted windew and study the wall paper at
eye level, you are not aware of the peripheral images of the nose, seen to

the left from the right eye, and to the right from the left eye (Brock, 1964).

If you now close the right eye and Took to the right, the well-
117uminated outline of a pink nose is clear. If the Teft eye is closed

and you Took to the left, a dark outline of the nose is now seen.

If in either of these positions both eyes are opened, the image
of the nose slowly vanishes, begiining with the centre of the nose and
spreading until the actual outline is the last to go. It is thought that
a similar inhibition is the cause of the drop in visual acuity and the

concentric reduction in the field of vision found in hysterical ambliopia.

The area of cortex which carries out this inhibition is not known.
Berman and Levi (1975) using a visually evoked response from area i7 of

the cortex found that there was no loss of visual acuity or field of vision

T
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there, indicating that the inhibition takes place forward of .. cnortex.
That the evoked potention represents the state of suspension was ¢ wnons crated
by McKay (1968) who measured the potential of an evoked response from a
normal eye and repeated it when a contrasting form was presented to the
non-tested eye. He showed that the potential falls when the contrasting

target is seen.

This evidence is of particular interest when tuken with the findings
of the E.E.G. research which locates forward in the brain a2n area which

appears to deal with suppression in binocular vision.

Retinal Rivalry

The image seen in a state of retinal rivalry has interested
optometrists, neuro-psychologists, and psychologists for many years. The
optometrists have been concerned because the condition they have to treat,
suppression ambliopia, is one in which a permanent inhibition has resulted
from a state of irreversible retinal rivalry. The conditions under which
the image 1s seen are therefore the best to induce a return of vision

after the cause of the rivalry has been removed (Humphriss, 1937).

A practical method of treating suppression ambliopia based on this
principle was developed by the author and is described by Giles (1943b) in
his book 'The Practice of Orthoptics'.

The i.euro-psychologists have shown that the alpha rhythm in the E.E.G.
agrees exactly with the percept seen by the subject. While the experimenters
can locate the rhythm of the image seen, they are unable to find the unseen

image and are hence unsble to say where it is stored or how it is inhibited.

N
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Lansing (1964) examined the E.E.G.'s of subjects whose right eye
was stimulated by a white flickering light, and the left by a pattern of
red 1ight. He found that the stimulus seen agreed with the E.E.G. pattern
recorded. He was unable to explain the mechanism of whereabouts of the

response to the input not seen.

Psychologists have been interested in retinal rivalry because the
picture seen is determined by the state of mind of the subject (Engel,
1956). If one of the two pictures is familiar to the subject then this
will be seen. Bagby (1957} contrasted familiar scenery with an unfamiliar
view and demonstrated that all his subjects saw the familiar scene.

Goryo (1969) working in Japan, showed that if the targets were presented
to both eyes at the beginning of the test, the picture seen in the rivalry

situation was that seen more times praviously.

Similar results were found in binaural hearing experiments when
contrasting sounds were presented to the separate right and left wars,

subjects always hearing their own names (Neisser, 1966).

If the visual contrast is between 2 pleasan®. or preferred picture

or an unpleasant or disliked picture, the former is seen.

Pattigrew, Allport and Barnett (1958) ,using a haploscope and
portraits from the South African identity documents demonstrated that
when viewing two of four race groups, each sa his own race. Further,
that those politically prejudiced to the right would not see a mixture of
two races, but saw one or the other, while the coloured people (half castes)

always saw the mixture.

A similar result was obtained by Davis (1959) in America when 2

picture of a negro kissing a white woman would not be seen.

| e - m———pr v &
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If one of the pictures presented, matches the state of mind of
subject, then this is seen. Van der Castle (1960) demonstrated that if
words are presented in a rivalry state, an aggressive person will see
words suggestive of aggression. Shelley and Toch (1962) used this
reaction to select criminals who were responding to rehabilitation programmes.
Those responding saw a non-violent picture, those not responding saw the
violent picture. The same technique using photoaraphs of mothers and
fathers with stern and pleasant features was used by Purcell and Edward

(1966) to demonstrate difference 1n reaction between asthmatic and non-

asthmatic boys.

Kaushall (1975) investigated hemispherical dominance in rivalry
situations and concluded from his results that the left hemisphere is

dominant for rivalry, the right dominant for brightness and the uncrossed

fibres dominant over the crossed.

Lack (1971) investigating the function of accommodation in retinal

rivalry conciudes that the control is central and not ocular.

These reactions in a state of retinal rivalry are further evidence
that atter the two retinal half images have reached area 18 of the human
cortex, they are assembled into one picture which can be recognised and
then pulsed in their entirety down into the hippocampus for assessment
(Arnold, 1960). pfter this assessment is made, one is allowed to come into

consciousness and the other is totally inhibited.

This evidence is only marginally interesting to the thesis but it
does indicate the extremely complex task which is carried out by area 18
whosa behaviour must be in part responsible for the results vbtaired in

the experimental work.

L
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Intra-cranial Pathology

The area of cortex which processes binocular vision can be located,
and something of its nature discovered from loss of function resulting

from tumours in the occipital and parietal lopes.

Damage to any part of the brain interferes with the normal saccadic
movements of the eyes, to such an extent that Rodin (1964) considers the
change to be diagnostic of brain damage. He comments that it is most
marked with damage in the parietal lobe and considers that the defect

results from lack of inhibition of movement.

Damage to the para-striate cortex suggests that in addition to its
sensory function, it is also an opto-motor centre. Carmichael, Dix and
Hallhike (1954) investigated 73 patients with cerebral lesions and conclude

that Brodman's area 18 is an opto-motor area. They write:

Optokinetic nystagmus is normally exercised through independent
nervous mechanisms situated in the supramarginal and angular gyri.
The optokinetic responses to the left and right are subserved
primarily by anatomically separate reflex pathways within the
brain stem. Each of these pathways {is under the modifying
influence of a centre in the supramarginal and anqular gyri of a
particular cerebral hemisphere, thus the right hemisphere
facilitates optokinetic nystagmus to the left and inhibits it

to the right.

This conclusion is supported by Hecaen and de Ajuriaguerra (1954).
Writing on optokinetic nystagmus, they say:

The conclusions arrived at by various authors, particularly Fox,

allows us to retain the idea that lesions of the posterior

parts of the hemisphere (chiefly the supramarginal and angular
gyri) have a disturbing effect on optokinetic nystagmus.

The evidence from this pathology is that there is an area of brain
which is parieto-temporal whose function is to retain exact and prolonged

binocular fixational attention.

- e
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There is very 1ittle evidence of the effect of pathology on the
fusional process. Blakemore (1970) describes the case of a fourteen
year old boy who had his chiasma sectioned traumatically and who
retained fusional movements. Thic suggests that one image was transferred
to the opposite hemisphere through the corpus callosum for comparison

with its fellow.

Mitchell and Blakemore (1970) show that binocular depth perception
at the midline was lost in a 16 year old male who had his corpus c¢nllosum
sectioned to prevent the spread of epilepsy. These two taken together
support the thinking that right~left comparison is made in area 18

via the corpus callosum.

Some neurologists have located the visual functions to a particular
area of post-tempero-parietal cortex. Gowers (1887) believed that the
angular gyrus in each hemisphere constituted a higher visual centre,
especially concerned with the visual fields of the other eye. He describes
a crossed ambliopia, a loss of peripheral visual funct‘on in the opposite
side to the parietal lesion. A comment by Denny-Brown and Chambers {1958)
might support this viewi They note that a patient w.th a parietal lesion,
when looking at a line, bisects it at the point of fixaticn, not being aware
of the visual reception of the stimulus from the 1ine of the affected side.
Riddock (1917) quotes cases of loss of three-dimensicnal vision, resulting
from wounds in the tempero-parietal area. Ettlinger, Warrington and
Zangwill (1957) found that a visual spatial agnosia is related to tumours
of the supra-marginal angular gyri and the posterior portion of the first
temporal convolution. McFie and Zangwill (1960) found that in seven cases of
posterior parietal lesions in the left cerebral hemisphere, there were
constructional apraxia defects. In the right hemisphere they found an

impairment of spacial estimation.
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These cases of loss of function related to binocular vision support
the evidence from the evolution of the brain that adjoining areas, one of

which is motor and one sensory, tend to evolve together.

Damage to the parieto-temporal cortex not only interferes with
binocular movement, but it also damages the ability of the brain to
assemble sensory inputs concerned with binocular vision. The area is
clearly snown to be cortex, which being so far forward in relation to the
striate cortex, must be one of the final areas concerned with binocular
vision, if not the actual area where the previously processed retinal input

is finally assembled.

It was to examine this hypothesis tnat the E.E.G. programme of

research described in the next chapter, was undertaken.

Conclusions

The nature of binccular vision has to be considered as three interacting
functions, the control of movement which makes fusion possible, the process

of fusion, and the process of inhibition when fusion s not possible.

The existence of a separate motor control of binocular movements
suggests that this evolved because of the nead to converge and observe

with greater accuracy including stereopsis, what was held in the hand.

The physiology places this function partly in the parietal

association cortex.

It appears from the histology that fusion results from the activity
of special binocular neurries. lhese have only been traced as far forward

as area 18. The behavicural evidence shows a flexibility in this function,
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suggesting that the images, within known limits, can be adapted cortically
to each other. This function appears more psychological than physiological.
Its flexibility can be measured and was the basis of one of the experiments

set up Lo isolate and measure a non-visual variable.

Binocular vision is seen to be an on-going process in which the
reactions to the bi-~etinal input are probably handled more physiologically

than psycholngically in the Tateral geniculate bodies and the occipital cortex.

From area 18 forwards the two electrical pictures undergo considerable
monocular modification or inhibition, and a final assembly of the two into
one visual percept is probably made in the parietal cortex. Evidence

supporting this conciusion and its significance is yiven in Chapter 3.
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CHAPTER 3

THE EEG RESEARCH

The Purpose of the Research

It is basic to this thesis that the function of ¢ 21ting one visual
percept from two retinail inputs is dependent on three processes, the motor

alignment of the eyes, the central organisation which summates the two

inputs and the process of inhibition which removes parts of images which are

not fusible.

Data was presented in Chapter 2 showing that the first two functions
are controlied from Brodman's areas 18, 19 and probably 22 of the cerebral

cortex.

The selection of ce image which is in a state of total rivalry with
that of the other eye and has to be inhibited is shown to be possibly a

function of the hippocampus.

The literature does not indicate in any way how the function of
suppression of one image takes place when the two eyes are not accurately

aligned to the same point of the target, such as in saccadic movements,

or in a child with a squint. In this situation, both retin:? images are the

same, and hence no process of psychological selection is required, the

identical images are in a state of diplopia.

The EEG programme was urdertaken in the hope that it would throw some
1ight on the process of non-.usion, as in a child with a squint foi no
visual reason, or the process of suspension of an image required for normal

single vision.

The physiological significance of the EEG is described by

- v
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Nelson (1968). In order to make clear the significance of the findings
of bursts and runs of theta and delta frequencies 1in these cases the normal

EEG of children is described.

The Normal EEG

The development of the EEG from birth to maturity cppears as a steady
increase in frequency in the waves recorded. Below the age of three years
delta rhythm with frequencies of 3.5 hz and under are mostly found. Up to
the age of eight, theta rhytnm with a frequency of 4-7 hz dominates the
record, and its amount may be used as an index of maturation. The alpha
rhythm, with a frequency of 8-13 hz then becomes dominant when the eyes are

closed.

A small amount of beta rhythm of frequency 14-30 hz is present in the
normal adult EEG. The voltage is lower than that of the alpha wave and it

does 1ot block with mental activity and imagination.

Murdoch (1974) reviews the experimental evidence showing the increased
frequency with chronological age 1in great 1il. The figures given in
Table 3.1 which are extracted from his data, show the change of frequency in

the developing child.

Table 3.1
EEG frequencies found with increasing age
Authority Date Age of Children Frequency Hz.
Berger 1932 0-35 days 1-6
Walter 1950 0-1 year 1-3
Henry 1944 0~2 years 4-6
Walter 1950 2-5 years 4-7
walter 1960 Atove 6 8-13
Lindsey 1936 8-10 8-13
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During this period cf development the EEG will demonstrate its
dominant frequency, but there will be irregular and usually bilateral

appearance of the lower frequencies.

In ormal EEG, the ' “ythms which are recorded from electrodes
placed symmetrically in pairs either side of the head, appe.r with such
remarkable similarity that a change in the wave which is unilateral fis
always an indication of abnormality. This, and the appearance of the
delta, theta and beta frequencies, in an amount larger than normal, and
EEG waves which instead of having a sine wave form are spiked in shape,
are abnormalities which were found in the recordings of patients with abnormal

binocular vision.

Suppression Ambliopia

Suppression ambliopia has been described in Chapter 2 of this thesis
as a binocular state wherein one eye has a central scotoma, which is only
present wien the other eye is seeing. This occurs when fusion of the two
eyes is not possible such as in a squint, or when the two retinal images are
so dissimilar as to be not fusible, then the central retinzl input of onc

eye i1s firstly suspended and later permanently inhibited.

The EEG of patients suffering from this condition was investigated
by Dyer and Bierman (1950, 1952) working in America. They demonstrated
spikes and bursts of high voltage delta and theta waves in the parietal and
occipital cortex. They showed the highest incidence in 39 children between
five anc 12 years of age 32 having abnormal EEGs. Of all their cases of

abnormal binocular vision o5 pe~ cent had abnormal ECG recordings.

Parsons-Smith (1953) working in London demonstrated abnormal EEG waves

in the records of children with suppression ambliopia. Of 50 cases he showed
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that 12 had normal EEGs, eight had spike waves, 21 had high frequency waves
of 18-22 hz, and also waves with a frequency varying from two to seven hz.
Two cases only are mentioned as showing waves with a frequency of 5.5 hz

per second in the parietal lobe.

Dyer and Bierman and Parsons-Smith were interested in the abnormality
from a clinical point of view, from a research approach it seemed possible
that an indication of the location of the function of suppression mirht be
found if the appearance of the abnormality could be related to a particular

pair of electrodes.

It was also believed that these results might be of clinical diagnostic

value to the orthoptic therapist, and thnis justified the experiment ethically.

Cases of abnormal binocular vision were chosen from the author's practice.
Those selected had no motor abnormality such as squint, and no abnormality
of fixation. The cases were screened by an ophthalmologist as free from
ocular pathology, and there was no medical history of cranial trauma or

pathology. The recordings were made on a Gallileo E.8 B machine.

The purpose of the EEG was explained to the patient or their parents,
and in no case was the recording declined. An examination of these first
EEGs showed that they had one abnormality in common, bursts or runs of high

voltage delta and theta waves, mostly localised but sometines diffuse.

The nature of these abnormal recordings may be seen by comparing the
EEGs of a normal child with that of a child presenting suppression ambliopia

(Figs. 3.1 to 3.4).

The first EEG (Fig. 3.1) was recorded from a healthy youth of 18 years,

This shows a normal alpha of frequency 10 hz. The almost exact symmetry between
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the right and left recordings from the parietal lobe should be noted. The
EEG in Fig. 3.2 shows the same recording from a female aged 20 with abnormal
binocular vision. The abnormality is bilateral and consists of delta high

voltage waves.

The next EEG (Fig. 3.3)shows a recording from a normal child aged nine
where the cortex is not yet mature in electrical terms. The underlined parts

of channels 3 and 7 show some theta waves and some bilateral differences.

The EEG in Fig. 3.4 shows the same recording from 2 boy aged 10 with
abnormal binocular vision. Channel 3 shows slow waves with high voltage

which do not appear as clearly i channel 7.

The recording of these delta and theta high voltage waves in the cases
of binocula~ abnormality raises the possibility of a maturation defect

involving mostly the parieto-temporal cortex.

Having found this abnormality in five records of cases where visual
inhibition was thought to be the cause of the Tow visual acuity, the sample
was extended to include cases where the cause was known, but not the same.

The final sample included the following :

Cases where there was full visual acuity in beth eyes, some fusion, but

for reasons not known there was occasional suppression. These were mostly
found clinically through subnormal convergence.

Cases where the visual acuity was subnormal due to a high monocular refraction
error.
Cases of strabismus, of non-paralytic origin.

Cases of strabismus of paralytic origin.




. Vv\swwmmwv,w -

AR S N g ettt

O bt

Vouth Avt 18

MM“WVVWWMNN

,V'W‘f

APPAASNYIA VIR

FIG 31

EEG of a healthy youth aged 18 years
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FIG. 3.2

EEG of a female aged 20 years with abnormal binocular vision
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EEG of a normal child aged 9 years
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FIG 3.4

EEG of & boy aged 10 years with abnormal binocular vision

The recording of these delta and theta high voltage
waves in the cases of binocuiar abnormality raises the possibility
of a maturation defsct involving mostly the paiisto-temporal cortex
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The Distribution of the Abnormality

0f the 34 cases recorded, two females and two males exhibited spikes
in the temporal and parietal cortex, one female aged 20 had a very large

amount of peta activity in the parietal cortex.

The Tocation of the high voltage delta and theta waves demonstrated
by 29 cases is given in Tables 3.2 and 3.3. As some of these cases
demonstrated both delta and the theta waves, the number of cases is

greater than 29,

The concentration of abnormality in the tempero-parietal cortex is shown
in Figs. 3.5 and 3.6 drawn on the surface of -he right and left cortex. The

method of scoring was as follows:

if the concentration was in one location only that area of cortex was
marked with three dots, 1f it was spread s1ightly outside the area, two dots
were marked on the main locality and one in the area where fewer bursts or runs
were recorded. If the Tocality spread over the temporal, parietal and occipital

cortex, one dot was allocated to oach area.

If the locality was shown to be fronto~temporal, or upper parietal, the

dot was moved in that direction.

The result shows the concentration in the tempero-parietal cortex.



Table 3.0

Distribution of EEG abnormality by frequency of the abnormal waves.

R. Hemisphere Left Hemisphere
Frequency Hz No. of cases Frequency Hz No. of cases
1 2 1 1
2 8 2 6
3 10 3 7
4 10 4 6
5 7 5 5
6 7 6 5
7 2 7 4

Diffuse, having no laterality
Hz No. of cases
1 Nil
2 1
3. 3
4 3
5 2
6 3
7 1
Table 3.3
Distribution of EEG Abnormaiities
R. Hemisphevre .. Hemisphere
No. of cases o of cases
Parietal 10 Parietal 5
Temporal 14 Temporal 7
Occipital 3 Occipital 3

Diffuse 1 Diffuse 0

Mt e g e [
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Distribution of abnormalrty on the nght and left
lateral surfaces of the brain.

The arrows .nark the margins of the parietal iobe.

FIG. 35
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L LATERAL

Losirithution of abnormality on the right and left
lateral surfaces of the brain

The arrows mark the margins of the parietal toue

FIG 36
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A comparison was made between the abnormality of the vision and the

EEG. A comparison of the laterality is given in Tables 3.4 and 3.5,

Table 3.4

Comparison of Visual and EEG Laterality

Laterality No. of cases
Both right 7

Both left

EEG R. vision Teft 2

EEG L. vision right 4

Table 3.5

Comparison of laterality where one abnormality was bilateral

Visual abnormaliiy EEG
Alternating R 6 L 4 Diffuse 1
EEG Diffuse Visual abnormality

R 4 L 2 Alternating 1

A scattergram (Fig. 3.7) shows the relation between the amounts of
the EEG and visual abnormality. It can be seen to be completely scatter,

there being no agreement between these two ratings.

This 1s consistent with findings in other fields such as recovery
from intra-cranial trauma where the improvement of behavioural disturbance

bears no relation to the amount of EEG disturbance.
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Scattargram relating the amount of abnormality in the

Binocular Vision to the amount in the EEG record.

FIG. 3.7
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Visual examination of the results showed that there was one type of
EEG abnormality and one visual condition common to all 29 cases, that is
the high voltage delta and theta activity in the EER and an inhibition of
the vision of one eye to avoid double or blurred vision. In this regard,

the similarity of the EEGs of these binocular abnormals to these of minimal

cerebral brain dysfunction is discussed later.

Except for the majority of cases which . ave delta and theta waves
and a tendency for them to concentrate in the parietal cortex, there is

nothing in common betwéen the EEG record and the disabilityv.

As we had hoped to find some diagnostic value in the EEG's and also to
guard against the possibility that the sample was V' ..que, with the kind
co-operation of Drs J. Swartz, the senicr ophthalmologist 3t the Children's
Hospital, t'e Superintendent and the Prciessor of Ophthalmology, Professor
Luntz, EEGs were recorded from 18 children with suppression ambliopia.

Two of the recordings had no delta ard theta activity, but had spikes in the

occipital lobe. The 16 cases with sTow wav.s Were classified as follows @~

Males 10

Fema es 6

Frequency 4 demonstrated abnorma. delta rhythm
12 demonstrat:c abnnrmal theta rhythm

5 cases were rated as abt. ormal

10 casec were moderat 'y abnormal

1 case was slightly abnormal.

The distribution of the abnormality is shown in Table 3.6 and

Figs. 3.8 and 3.9.
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Table 3.6

Location of abnormal EEG waves

Parietal 12 cases
Temporal 6
Occipital 5
Bilateral 3
Diffuse 1

The laterality of the EEG abnormality was 9 R
3L

4 Bilateral

There was no agreement between the data for these children except
that the 18 were all cases of suppression ambliopia, and 16 of them
demonstrated the same type of low frequency high voltage runs and bursts

mostly in the parietal-temporal cortex shown in 29 of the EEGs of the

cases from the Benoni practice.

The importance of this researc' to the thesis is the establishment
of a process of inhibition, peculiar to binocular vision which is Tocated
well forward of the visual cortex. This cortex is known %o contain

inhibitiun bands which affect learning and the significance of the fact is

now explored.
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L

R LATERAL

Distribution of abnormality on the lateral surfaces of the brain.

The arrows mark the margins of the parietal lobe.
Samplae 18 children from the childrens hospital.

FiG. 3.8
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L LATERAL |

Distribution of abnormality on the lateral surfaces of the brain.
The arrows mark the margins of the parietal lobe.

FIG. 39
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Discussion of the Literature and the EEG Research

In Chapter 2 it was shown that areas of the parietal cortex were
involved in the production of single binocular vision. These are given
in Brodman's areas 18, 19 and 22 and anatomically the marginal and angular
gyri are named as being the major areas responsiule. These deductions are

strongly supported by the EEG research.

An examination of the function of this area of cortex reveals that it

is concerned with children who have problems of association.

Tuller and Eames (1966) found a high proportion of del%a and theta

frequencies in this area in children with reading disability.

Similarly Capute et al. (1968) found slow activity in the post-
temporal cortex in a greater amount in their sample of children with minimal

cerebral dysfunction, than in their control sample of normai children.

Hughes and Myklebust (1971) recorded slow waves in the temporal
cortex which were associated with non-verbal deficiencies in learning,
and Satterfield et al. (1974) found 11 per cent of their children with

learning problems had similar slow waves.

Murdoch (1974) compared the EEGs of 35 children at a school for
remedial education with the same recordings made eight months later, and
showed that as the children imoroved in their reading, so the EEG changed

towards normal.

Comparing tnis sample with a carefuliy matched control group he
showed a more frequent appearance of abnorralities in the EEGs of his
children with minimal cerebral dysfunction than in the records of the

normal children (Table 3.7).
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Table 3.7

Comparison of the EEGs of normal and ledarning retarded children

M.C.D Control
Present Absent Present Absent
Theta 32 3 22 13
Delta 32 3 22 13
Sharp waves and spikes 19 16 7 28

While Murdoch found more spike and sharr waves in reading disabled
children than in the control group, there was a greater difference in the
amount of Tow freauency waves most of which were in the parieto-post temporal

cortex.

It may be significant that the inability to learn to read is sometimes
referred to as a learning block suggesting some function of inhibition during
the learning process. in this sense it is similar to suppression ambliopia
which is an irreversible visual inhinition in binocular vision located in the

same area of cortex.

Conclusions

Considering the whole process of unification of the two retinal inputs,

there is evidenca that :

(a) The two .nages are examined individually as to the possibility
ef fusion, and when not fusible one is inhibited. The process

was shown to be largely psvchological.

we




(b)

(c)

(e)

(f)

9.

1f the images are fusible within certain limits, they are adjusted

to each other so that fusion can take place. This process again appears

more psychological than physiological.

An individual control mechanism for binocular movements has evolved

which is not in the normal movement control area of the occipital or

the frow.al lobe.

Examination of the binocular as compared with the monccular thresholds
indicates that this unification act is more an assembly of sensory

data which has been previously processed than a physiological summation.

The cortex carrying out functions (a)-(b) and (c) is not in the occipital

lobe, some is far removed, probably in the hippo campus, the balance being

carried out in the parietal lobe.

This is association cortex where learning from sensory input takes

place. Its well-known function is to associate the inputs from two
different « nses such as the sight of a hand striking a bell and the

sound of the bell. It would be consistent with general neuro-histological
function to find that this cortex which carried out this act would also

unify the two pre-conditioned retinal images.

The acceptance of these statements is sufficient basis to assume that

there will be variables of non-visual origin in binccular behaviour, indeed

it wa

s shown in the review of the literature that several experimenters had

demonstrated their existence, but did not attempt to explain their origin.

The reader will have noticed that nowhere in the review of the 1iterature

is there mention of any relationship between binocular optometric measurements

and personality variables.

N e
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A few relations have been observed and some measured between
binocular functions, such as the seeing of spacial distortion, and
psychological rigidity, but a measurement of the binocular function has

not been correlated with the psychological behaviour.

The author believes that no such correlations have been ectablished,
and that the work presented in this thesis covers a new field of research.
Support for this statement is given by Bartley, 197'. In his Charles
Prentice invitation lecture to the American Optometric Association, Howard
Bartley, a Professor of Psycholoyy, described seventeen areas where both
psychology and optometry are invoylved in the same field of research.

txcluding stereopsis, binocular vision is not mentioned.

The writer presented to a project commitiee of the Institute a
summary of the 1iterature and his own personal observation from clinical
and research work that there is considerable difference in performance
between subjects on mosi of the aspects of binocular vision, which
variabi1ity cannot be accounted for Sy visual differences between the

subjects.

The writer pointed out that while there was consider uble evidence
as to the processes which lead up to unification, there was only a small

amount of behavioural evidence as to the nature of the unifying process.

He stressed the difficulty of the research programme, which might
require searching the whole field of psychology for significant correlations

with binocular vision.

As some of the optometric work had already been done, the writer was

able to state that he was certain that the binocular non-visual variables

—
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could be isolated and measured, but that oniy an organisation such as
the institute could set up the programme of psychological research which

would be required.

The representatives of the institute were unanimous that this was
a wortrwhile area of research and two programmes were set up, the one to
improve the measurement of the non-visual variables, and the other to
attempt to aiscover something of their nature by finding significant

psychological correlations with them.

ww



CHFOTER 4

THE DESIGN OF THE BINOCULAR EXPEF MENTS

The design of the binocular battery was determined by two considerations:

1.

1

3)

Previous clinical and experimental knowledge offered five methods

of approach to the problem of isolating the non-visual variables,

The psychologists requested that the optometrists should design
binocular experiments where the function would be frustrated by

some factor which could be introduced in such a way that it was a
paraliel to the frustration tests used to measure aspects of
psychological rigidity. It was thought that these scores might
correlate significanily with similar tests done monocularly such as
the Thurston repeated letter tests. The clinical facts indicating
non-visual variables in binocular vision could be divided into four
groups. These were:

There were established clinical methods for measuring binocular
functions. Examination of these methods showed that the end point was
often uncertzin anc the subject's performance varied with the instructions
given to him., These methods had to be improved so that they gave
reasonable test-retest reliabilities when their scores could be

used for statistical analysis.

Proposals were advanced that the binrcular measurements would vary
under certain conditions such as increased motivation, and experiments
had to be designed which would test this.

There were steroscopic tests which could not be done by some visually

normal students. A programme had to be set up to find the variable

ww
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in these tests and to establish if it was related to binocular
vision or to steroscopic ability.

4) It seemed possible that one of the tests of retinal rivalry could
be adapted so that it measured the ease in which a subject went

into a rivalry state from a fusional state.

Measuring the Fusional Reserves

Binocular fusion has been described as a process which requires
that two, almost identical stimuli be presented to areas of the right and
left retinas which are near corresponding. A fusional compulsion then
causes the eye to move so that the two images are aligned on corresponding
retinal cones and one percept is then formed from the two images. When
fusion has taken place, a mechanism comes into being which moves the eye
so that fusion is not destroyed, and this elasticity of movement can be
measured. It is this control ir the interest of retaining single binocular
vision that is termed a Fusional Reserve (F.R.). The F.R's are classified
in accordance with the direction in which they »re measured, in convergence,
positive, (P.F.R.) 1n divergence negative, (N.F.R.) one eye above the
other, hypervergence or vertical (V.F.R.), and cyclo-vergence (cyclo-rotation)

a rotation of the eye about the optic axis.

When fusion is measured, it 1is necessary to know that the two images
have been fused and one has not been inhibited. This 1s done by the use
of controls. If two letters E are fused, there is no way of knowing if they
are fused or one suppressed, but if T E and E N are fused into T E N, then
the perception of the T and the N shows that neither eye is suspended and
therefore the E's are fused. The E is then referred to as the fusional lock

and the outside letters, the controls.
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The measurement of the fusional reserves is taken by displacing one
image until diplopia results (the break point) and by reducing the
displacement until fus‘on is re-established (tne recovery point). In
addttio <n the P.F.R. a point is sometimes reached when the effort of
com ergence causes accommodation to take place, so that the eye becomes
pseudo-myopic and the image pecomes blurred. This is known as the biurr

point., It is difficult to measure with any degree of accuracy.

It is well-known clinically that the fusional reserves vary
considerably between subjects. There may be visual reasons for this, for
example, a marked difference between the R and L eye refractive errors
brings with it a binocular instability and low fusional reserves, (Gibson,

1955) but low reserves may be recorded from subjects with no visual reason

for the subnurial recording.

There are two main factors which govern the amount of fusional
reserve in terms of the stimulus, its contrast with its background and its

size. If these are raised, the F.R. is raised, 1f they are reduced the

F.R. is reduced.

In terms of the psychological state, it is thought tnat the P.R.F. is

higher in tension states and the !.F.R. hicter when the subject is relaxed.

It 13 also thought that all the reserves zre higher with motivation, but

A description of the fusfonal reserves 'nd their measurement is available
in detail in zny text book on clinical orthoptics. (Giles 1945. Ch. 10
Lyle and Jackson 1953: Gibson 1955). Unfortunately no standard method of
measurement has been agreed upon, and various schools prefer different

mathodology.
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there are no published papers confiming these generally held clinical

beliefs.

In addition to these variables, it is known that the F.R.'s fall

off 1f one eye is plurred (Cgle, 1950) and it was thought possible that the

amount of fall off might be due to psychological rigidity and not a visual
variable. The difficulty in arriviny at this ficure with an accuracy sufficient to
produce significant correlations is the lack of an accurate standard test

for the fusional reserves. It was therefore decided to investigate this

problem and design an improved test.

Designing a Fusional Test

The principles followed in designing a fusional test which would

measure 1ts strength accurately were:

1) Binocular vision requires a fusional lock, some stimulus brightly
contrasted with ts background, away from the macula, as macular

fusion has 1ittle strength.

2) A foveal indicator is necessary to show that fusion has broken.
When fusion first collapses, one of the two diplopic imagas must
separate by sn angular distance of some three Prism Dioptres (Pr.D.)
before the diplopia is reported. As the fall off with fogging may

be much less than 3 Pr.D. this inaccuracy had to be eliminated.

A binocular lock had already been designed, and was incorporated
in a piece of equipment used for investigating the stability of binocular
vision called the Turville Infinity Balance Technique (Turville, 1946). This
lock consists of a narrow black rectangle about nine inches scuare on a

white background. It was thought that an illuminated square would be better
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than the black on white and this -5 designed.

The problem of the foveal i iicator was me% by shining 2 bright light

along a tube. At the end of the t oe was a red celluloid filter.
The apparatus was const .cted as Fig. 4.2.

A box was made 2.20cm square inside measurement. Inside this box a
small box was fitted with an outside leagth of two inches. Inside the larger
box, and at the back of the smaller box a 15 watt lamp was mounted. A sheet
was fitted over the front of the larger box, and drilled in the centre with
a1 cm hole. In the back of the smaller box a hole was drilled at the
middle and a tube press-fitted so that its base was in alignmert with the
hole in the milk plastic front of the outer box and its end approximately
lecm away from the inner surface of the front. This end of the tube was

covered with an I1ford red celluloid filter.

This apparatus provided an {1luminated square, of a brightness which
was in marked contrast to the darkened room, but not too bright for long
observation. The inner area of the illuminated space was absolutely
black, and in the middle of this square, 2 small red 1ight shone brilliantly.
This target was viewed through a refractor head with the two rotary prisms
in place (Fig. 4.1). Prism was introduced binocularly in equal amounts
until fusion collapsed. When this happened, and sometimes before the square
was reported as double, two red lights were seen inside the square. The
apparatus appeared to meet the requirements in that it provided a fusional

lock and a foveal indicator.

when the test was put into use, difficulty was found 1in measuring the
recovery point. This can best be explained by reference to the TE EN test

already described. Clinically the slide is most useful, and the type of
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The refractor head used for the experiments. Plus sphere is

introduced in 0.25 D steps by rotating the disc marked R downwards.

The red filter used in the retinal rivalry tests is introduced by
moving the selector (S) to the position marked R.F.

The fusional reserves were measured with the rotary prisms

marked R.P.
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measurements taken, is sufficiently accurate. At the end point of a
positive fusional reserve, the eyes diverge and the letters are seen to
separate and cross over to form the order E NT E. When the tubes are
diverged (towards parallel) to measure the recovery point, the Tetters

E N approach T E and in clinical practice this is done fairly fast, so that
the letters cross each other and the E's acain fuse to TEN. If the
letters are approached slowly, the upright of the N sometimes fuses with

the upright of the T and normal recovery does not take place.

It was discovered that the box sometimes gave the same reaction as
the TEN test. When the two images were made to epprcach =zach otaer with
a view to effecting recovery, the L side of box (a) fused with the right

side of box (b) and prevented refusion { Fig. 4.3).

This was overcome by using a cross as a target. Considerable
research and many trial models were made before an acceptable target was
designed, Its final design is shown in Fig. 4.4. The rectangles are
{1luminated through milk plastic, the centre circle through a red filter,
The central non-illuminated area was wide enough to :1low the centre dot to

be seen in diplopia when the cross began to double.

When re-fusion took place the reaction shown in Fig. 4.5 took place.
The L horizontal 1ine of cross (d) fused with the R horizontal line of cross

(c) giving the result shown.

When neasuring the horizontal Fusional Reserves, the fusing of a
horizontal Tine does not affect the scores, as the fusional stimulus is
the vertical lines. The fusing of the horizontal Tines has the advantage

that this overcomes any small vertical error of alignment.

This cross has been used successfully in the clinical analysis of

fusional strength for the prescribing of relieving prisms.

B T I et
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measure the fusional reserves
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FIG 4.3

Fusion of the sides of the two squares
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FIG. 4 4

Tire pian of the cross as a fusional target




FIG 4.5

Fusion of the two crosses
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Fusional i eserves from a Haploscope

F.R.'s may also be measured with a haploscope (Frar the greek
Haplos-single) . This instrument is a complicated stereoscope in which
every aspect of binocular vision can be varied. The position of the
individual tubes containing the targets or slides ca: be converged,
diverged, elevated and rotated. The illuninatior can be increased or
decreased.  The width between the tubes can be increased and decreased
(Figs. 4.6 and 4.7 ). A very large range of commercial slides is available

for testing variocus binocular functions.

The angular subtention of the targets at the eye is much larger than
the stimulus used at 20 feet and ac ordingly tne measured F.R.'s are usually
very much Targer. The F.R.'s are measured with the accommodation suspended
with plus Tenses, but a sense of nearness usually increases the positive
reserve and lowers the negative. This convergence can be measured in two
ways:

(8) By using sTides where a ring fits into a square so that no fusion
takes place, and by noting the amount of convergence recorded, or

(b) By fusing a horizontal line with a marker above and below the line,
and by aligning the two markers vertically. The excess convergence

then registered is due to a sense or nearness.

This measurement can be deducted from the Positive F.R. to give the

true reading.

The difficulty in using the TE EN iest has alreaa been described,
normal recovery not always taking place, 2 s1iae had to be found in which
this reaction did not occur. There was no sustable commerciai slide, but
there is a slide in which a spider is placed before one eye, and it: web

before ancther.  Subject is normaily acked to pli.e the spider in the centre of

the web.  The spider is slightly larger than the Tetters TEN and there is

[T

—



FIG 46

The synoptophore as sesn from the subject's side of the instrument
The tubes are convergad and divarged by the handies one of which 13
‘markad C. The adjustable chin rest, head rest and adjustment for the

distance betwean tha eyes can be seen.

111.
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FIG 4.7

The synoptophore in use. The patient moves the convergence control
to <et the ins-.rument for the position of rest. The tubes are then
lecked in positior. The slides are rotated by the knob marked CY
to mensure cyclovergence and elevated and lowered to measure the

vertical fusional reserve by the knob marked V.

The scale for recording the cyclovergence can be seen on the tube

to the patients right, the scales which record the vertical adjustment

can be seen on the operatord side of the slide holders.
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no control with it, that is, if two spiders are used, the two slides are
identical and the operator cannot say if the two have been fused or the

one suppressed. This can be overcome by drawing large dots as controls,

one to the right of the right slide and one to the left of the left slide.
The fused picture is then of one spider and itwo dots. If suppression takes
place one dot uisappears. The legs of *he spider provided an excellent

fusional lock and this slide was used with success.

Suggestion and lotivation

Suggestion is often used in orthoptic training to improve low
F.R.'s. If a child is attempting to converge the eyes or a synoptcphore,
the innervation can be improved by suggesting to the child that the target
is getting nearer to him. If he is able to converge more, he may be able
to describe a feeling of muscular movement which accompanies the effort to
converge. He can be persuaded to try and increase this feeling and this

sometimes results in improved convergence.

These methods were u:.ed with success with the spider target. For
the {irst measurement subje«<t was told to relax, to watch the target, and
to report diplopia. This measurement was noted. The test was then
repeated with suggestion and motivation and the measurement noted.

A score of motivational convergence could then be calculated by subtracting

the first score from the seconi.

The Measurement of Tension

1t has been noted clinicaily that tense patients converge more than
relaxed patierts. Tension and relaxation can be measured through the

amount of alpha rhythm on the EEG record. Thifs was compared with the
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amount of P.F.R. in relatior to the amount of N.F.R.

The Cyclo-fusional Reserve

The cyclo-fusional reserve is the ability of the eye to rotate
in its socket, a movement mide in obligue movements of the eyes and in
stereoscopic assessment of slope in the median plane. The measurement
is made by fusing two lines, wiich have on the opposite sides of them two
controls, a small cross and a small circle. The Tines are then rotated in
opposite directions and the eyes rotate to the extent of their reserve when
they return to the primary position and the two lines open up into a cross.
This measurement is much higher if the lines are vertical than if they are
horizontal. The reasons for this dJifference have not been adequately
explained and the theories put forward are very complirated. By subtracting
the horizontal measurement from the vertical, a measurement can be calculated

representing some binocular cortical flexibility.

The Unknown Stereoscopic Variable

An unexplained difference in stereoscopic behaviour had been noted
by several clinical workers. It was also known to the University Department
of Survey where apparently normal students could not see the stereoscopic

maps.

The non-visual variables in these slides was isolated by presenting
our large range of commercial slides to the optometry students, to selected
patients, and to eight members of the staff of the neuropsychology
department.

When it was found that several of the subjects could not see the

stereoscopic images within 30 seconds, these slides were put on one side.

T T T
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Examination showed that they could be divided into three groups. From

gach group, the slide which presented the most difficulty to the subjects

was chosen, these were :

(a) two slides known as the “Spectrum" slides, could be seen

stereoscopically by al

1 subjects but some saw the stereoscopic

picture in 15 seconds and others in three minutes

(b) two slides which had on them three rows of three coloured doils,

each doll was numbered

and when seen stereoscopically the dolls

formed an order from front to back

(c) two slides where there was fusion at the extreme limit of

stereoscopic ability.

1t was then noticed that the times taken to see the Spectrum slides

divided the staff subjects into two groups, fast and slow. The actual

times are given in Table 4.1.

Table 4.1

Fast and Slow Results from the Spectrum Test

Fast or Slow

F

[ TR ¥, TR ¥ T ¥ S & S 2 I |

Time taken to perceive the word Spectrum

22 seconds
26 seconds
17 seconds
28 seconds
1 minute 21 seconds
53 seconds
1 minute 17 seconds

Not seen
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The director of the department commented thet he knew of a
personality difference between the two fastest and tne two slowest subjects,
that he regarded the fastest as very flexible thinkers ana the two slowest

as very rigid.

A peer rating of the subjects as to their general psychological
rigidity or flexibility produced an order almost identical with the times

in the spectrum test.

It was noticed that those who took a long time to see slide (a)
also took a long time to see slide (b) but the ability to use the slides
in the (c) group did not appear to correlate with (a) and (b). It seemed
Tikely that slide {c) measured a stereoscopic factor and this slide was not
used further, but slides (a) and (b) put no strain on stereopsis ard appeared

7o have a non-visual factor as their variable.

I1 was also noted that the subjects who could see the stereo-third
dimension in slides (a) and (b), had no difficulty with cther commercial
s1ides which appeared to be almost identical with them. By comparing
these slides with the (a) slides a difference was found which proved
to be the factor which accounted for the behavioural variation. These
commercial slides consist of various shapes such as Fig. 4.8 on which there
are numbers., The shapes have varying stereoscopic disparities so that they
form an order from front #n back and the numbers in their correct order can be
read by the subject with normal stereopsis. In the slide shown in Fig. 4.8
the order is 1.3.5.7.2.4.8.6.

In the (a) type slide (Fig. 4.9) the task is similar, in that the
circles form a row from the front to back and by reading the letcers in
the circle in this order, a word Spectrum is constructed. The production

of the word is proof that the order has been perceived. Our most rigid
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The 21-22 Stereoscopic Slide

These steraoscopic slides are known by their trade

numbers as the 21-22 slides.
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The Spectrum Stereoscopic Slide
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subject could do the firsi slide easily, but never saw the word in the
Spectrum stide. Examination of the slides shows one difference in
principle, a difference which existed between all the slides found easy and
those found difficult. It is the presentation of the numbers or letters
monocularly or binocularly. In the slide in Fig. 4.8 the numbers are
fused, as they appear on both the right and the left slides syimetrically.
In the slide in Fig. 4.9 the letters are half on the right slide and half
on the left slide. Consideration of this difference shows that a difficult
inhibition task is set the subiect trying to see the stereoscopic order in
the Spectrum slide which is not present in the 21.22 slides (Fig. 4.8).

If the stereoscopic perception of the letter S is considered, the visual

task is as follows:-

Ir arder to see the letter 5 in the right hand slide, the white centre
of the left slide must be suppressed, but in order to make the stereoscopic
disparity assessment, the edge of the white disc must not be suppressed,

The left eye was ‘hercfore required to suppress the centre of the white
disc but not its edge. It seemed a reasonable proposition that the flexible
subject would do tuis with 1ittle difficulty but the rigid would be less
flexible in arranging patterns of visual inhibition, and this might account

for the failure of our most rigid subject to perform the task.

The objection to the Spectrum siide as 2 psychological test is that
when 1t has .once been done, the answer is known and the test cannot be
repeated. For the purpose cof further pilot tests, slides with other words
and short sentences were made, and similar results were obtained to those
from the small sample. The reliability of the test could however, not be
astablished because 1t could not assumed that different words were equally
easy to see. Finally, it was decided to try numbers in the form of a sum

43 x 25 x 61, which could be read out when seen. The advantage of this
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type of test is that if ihe slides are changed to give a sum 21 x 54 x 36
the 1ikelihood of there being any difference in response from one sum to
the other is small, and if the slides were made with adequate precision
the difference in performing the visual part of the test is very slight.
A photographic reproduction of the enlargement from which this final test

was made is shown in Fig. 4.10.

The new slides were made by enlarging the s1ide photographically
painting out the letters and painting in numbers and re-photographing the

enlargement and making the slides from the new negatives.

By changing the pairs of slides right and left and by using various
combinations of slides, varying sums could be produced stereoscopically so

that the test could be repeated.

In the pilot experiments a difficulty was encountered that some

subjects hesitated because they were not quite sure what was required of
them. To overcome this a model was made Fig. 4.11 which reproduced the

percept seen sterecscopically. Having given the correct answer on the

model, there was then no hesitation in giving the stereoscopic answer as

soon as it was appreciated.

Retinal Image Size Test

The isolation of the variable in the type (b) slide was more difficult.
These slides are identical right and left except for the angular disparity
which pruduces the stereoscopic depth. In one of these slides there are
nine coloured dolls in three rows of three dolls. The clue to the
4ifficulty in seeing the stereoscopic order was provided by one of our

subjects who commented that when she saw the slides without stereopsis, the
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5

The answer saen stersoscopically front to
back reads 45 X 23 X 18.

FIG. 4.10

thustration of the slides uged for the
stersoscopic slide test.
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FIG. 4.11

Model to I1lustrate the Use of this Test

The answer required from the subject doing the stereoscopic tests

was 1llustrated by a model in which round discs were mounted on wires at

receding intervals from the observer. It was explained that the answer

was a sum consisting of three two figure numbers separated by a times sign,

and that the only clue to the sum was that the siscs would separate out in

space so that the answer could be given by reading the discs from front to

back. In the model the answer was 42 x 63 x 15.
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dolls were in one order, and when they were seen stereoscopically then

they were seen in a different order.

The monocular sense of order is produced by the fact that the dolls
give the appearance of people standing in three rows as seen from atove.
fﬁey look 1ike ranks of soldiers approaching across 2 parade ground when
seen from the top of a building. The three dolls at the bottom of the
slide therefore appeared to bte to the front. In addition a blue doll at
the top appeared to be further back, probably because blue is related to

distance in terms of haze effect in aerial perspective.

This suggested a relation with flexibility, in that the rigid
subject might see the monocular percept of distance in terms of rows of
dolls and blue for distance, and be un ie to inhibit the percept in ;
favour of the stereoscopic information, It was decided to test this k
hypothesis by making use of a more definite clue to distance, retinal

image size, and to contrast this with stereoscopic disparity.

It is well established that if a subject is presented with objects

whose size or distance may be dete:mined by various characteristics, then

the apparent distance of the object is always determined by retinal image

size Stewart 1963: Gogel and Newton, 1969; McDermot, (1969).

Making the Retinal Image Size Test

A test to measure the rigidity seen in the slides where an
established monocular percept could not be eliminated by stereoscopic

information was also made photographically.

Most of the Africans who work on farms live in huts which are not
usually taller than 3 m. A hut reduced photographically to one third the
size of a man, wouid therefore look three times the distance away. On the

other hand, if these were models and were seen stereoscopically, the hut
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would then move forward, and be seen as a de11's hut.

A farm Tweefontein, 15 miles East of Benoni, has on it a small
settlament of Ndebele who make a square type of hut with colourful
decorations on it. Such a hut as background would give an air of genuineness
to the slide. On the same farm are some Basutos who have a round hut.

The farmer, who speaks their lungugae, arranged for the workers to be at
their huts with their families and photographs were taken of the Africans

in groups before their huts, and also individually.

It is well known that if the texture of the foreground between
objects can be seen clearly, then the distance between the two objects can
be estimated accurately monocularly. The foreground had therefore to be
removed from our experimsntal pictures. To do this, photographs of some
high grass were taken, and when the models were made, this was enlarged
to such a size that stanaing rather like a hedge before the models it hid

their feet and therefore the foreground.
Stereoscopic slides were then made by the following procedure:-

The photographs of the Basutos, a man, and his wife and his small
daughter were enlarged. The man and the wife were enlarged to the same size,
and the child to & sfze siightly smaller than the mother and father, The
hut and background was enlarged to use as a background. The enlargements
were glued to three-ply and cut out. These cut-outs were mounted on stands
so that they could be prsitioned anywhere in the enlargement to be
photographed.  The models were then photographed stereoscopically in the

following order - from front to back, the man, the child, the woman.

As we had no stereoscopic camera, the stereoscopic photographs were

taken in the fcllowing manner:-
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A heavy wooden support was made for a Zeiss super Ikonta camera.
This support was made to slide along a vooden slide marked in terms of
inter-pupilary distances, and of greater distances, to obtain a greater
disparity between the models. Photographs were taken on high centrast

£11m, both with the hut as a background, and with a white board as backgrnund.

As we had no idea if the slides would measure the variable for which
they were designed, and as the making of slides had proved to be extremely
time-cons'ming, it was decided to mount the prints of these negatives on

some sort of slide holder so that a pilot experiment could be tried with

them.

A master printer was asked to assist us. He obtained a punch which
cut a two inch hole in thick card. He then cut this card accurately to
the size wf the synoptophore s~ ‘nd pu. thed the hole symmetrically in
the centre. Fifty of these . (lowed us to mount 25 pairs of prints
of the phot~graphs. Diagonals were drawn across the cards and the prints
were cut accurately to carefully centred squ-~es. The four cerners of the
square were then positioned on the diagonal~ w- ~curately mounted the
print in relation to the card. These prints we,v a1 viewed in a synontopr -,
This instrument is provided with two types of i1lumination. Fo alass slides
the 11lumination is through milk glass. For cards the lamu holders can be
moved and positioned in tubes so that they floodlight the cards. This
{1lumination is irregular and only suitable for pilot experiments. Using
this method of presentation of the cards with their stereoscopic prints an

experiment was carried out on seven subjects as follows:

The synoptophore was adjusted to the subject's position of comfortable

£




126.

binocular vision, and a pair of cards insertec into the slide holder.

One tube was switched off so that what was first seen was a monocular

view of the slide. The subject was asked to give the order of the three
persons, from front to back. Judgement was made in terms of retinal image
size and the large relative size of the child caused her to be seen in front
followed by the father and the mother. The second tube was then switched on,
a stop watch started, and the subject asked to name any change in position.
The stereoscopic clues from angular disparity now showed that the child was a
small giant and stood behind the father. To our surprise all the subjects
saw the change in position within a few seconds. Some subjects reported tha.
they were worried by the backgrnund, and that they found it easier to see the
stereoscopic change in position with the neutval background. It seemed that
what was necessary was a greater conflict between perspective and stereoscopy

seen before the neutral background.

The photographs of the Hdebele mun, his daughter, small child, and
his square decorated hut was enlarged more rhan che Basuto child, and the
hut less, so that the effect of the retinal image size on perspective would
be to bring the Ndebele chilu more forward and to make the hut recede into
the distance. The models were cut out and mounted on three-ply with stands
as before. They were then photographed stereoscopically in the position shown

in Fig. 4.13.

Twenty-four photographs were taken in eight groups of three. The first
negative would make the R hand slide, the second the slide in terms of a
disparity equal to normal viewing, that is, the camera was moved sideways
along the slide by the inter-pupillary distance 62 mm and a third photograph
was taken with the camera moved to the side by a further 31 mm giving the

same effect «s teleostreopsis, enhanced depth by artifically widened
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FIG.4.12
The Ndabele figures as seen monocularly

FIG.4.13
The positions actually occupled by the models
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inter-pupillary distance. Prints were made and mounted on the cards.

The monocular appearance of these prints was of a hedge, and immediately
behind the hedge a small boy ( Fig. 4.12 ). Further back are the girl and

the man and in the far distance their hut. When the second tube is
rwitched on, the child moves backwards after a few seconds, and eventually
the hut moves forward and is seen as a doll's hut in front of the child (Fig.4.13’
This reaction was demonstrated on a sample of seven subjects in Benoni

with widely different times for the perception of the correct stereoscopic
position of the hut. The instrument and cards were brought to the

N.I.P.R. to show one of the staff who had assisted so generously with the
photographic work. The instiument was adjusted for him, the cards inserted
and one tube switched off. He gave the normal description of the monocular
picture, but when the second tube was switched on his comment was on these
1ines - "This 1s a most extraordinary experienca. The man has moved forward,
stopped at the hedge, and then floated forward in space leaving his legs
sehind him.  Now the girl has done the same thing". The writer adjusted
the instrument to his own settings and looked at the binocular picture, and
saw the same effect. The man and the girl moved up to the hedge, the

man took off into space first, following within a few seconds by the girl.
After looking at the cards for some 20 seconds the man was seen to be far

in front of the hedge, apparently suspended in space by some invisible

force. His legs were truncated just above the knee.

The reason for this reaction was not immediately clear, but a
consideration of the plan of the original photograph and the plan of what
was seen provided the answer. The percept was one of pseudostereopsis, the
cards had been reversed by accident and the R card was before the L eye, the

L card before the R eye. The monocular photograph u: the man shows him

— R - r——ae prmrmon f =
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behind the hedge and his legs are occluded by the hedge. It is assumed
chat he has legs and stands on them. But the pseudcsteropsis brings what
can be seen of him in front of the hedge 50 that he appears to have left
his assumed legs behind the hedge, and floats in space without them., This
was a most interesting situation as this gave a conflict, not with
perspective but with reality. Our secondary subject was brought into the
laboratory and the slides adjusted for her in the pseudoscopic position,
the monocular description obtained and the second tube switchea on. A
most interesting reaction was described. The man and the girl moved
forward to the hedge where they stood in a line with the bay, showing that
the stereoscopic clues had overcome the monocular perceptive but the man
and the girl remained behind the hedge, showing that the concept of

reality was stronger than the stereoscopic clues.

This pair of clues offered two tests, the one when the contrast with
perspective made it difficult to see the correct position of the hut, the
second, with pseudosteropsis, to see the man in front of the hedge
having left his legs behind him.  This pair of negatives was photographed

into positives and mounted as slides.

Retinal Rivalry

Host of the experiments carried ouf on rotinal rivalry are conccrned
with establishing a dominance of one image over the other, of demonstrating
the conditions which make a subject choose one image rather than the other.
The writer was not aware of an experiment where a state of fusion was ~ oken
down into one of rivalry except that used in his oun previous researcn

(Humphriss, 1969).

The basis of this test is that subject looks through a refractor head
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at an aluminium screen on to which is projected a white square containing

16, =712 clear black letters. A red filter is then placed before the R eye,

so that this eye sees 16 clear biack letters on a red background. The majority
of subjects au noi see any red because the R eye is inhibited. Plus sphere

is then added to the L eye in 0.25 steps so that the letters become increasingly
blurred by the induced myopia (Fig. 4.14). In the majority of subjects the
chart suddenly changes to the red of the filter. On reduction of the plus the

red disappears and a white chart is seen again.

In presenting this test to the pilot sample a difficulty was encountered
in that some of the subjects went into diplopia when the two images were one
very blurred white image and one dull red clear one. Experiments were
carried out to provide a fusional lock which would prevent the eyes from

wandering and producing the dipiopia.

In order that there can be a fusional lock with two eyes stimulated
with different colours, it is uecessary to have a framework whose outer
boundaries ..« the same to both eyes. The only possible design of such
a framework is to use a frame the same colour as the filter, as it is
then seen the same colour by both eyes, and outside the border there must
be a blackness. The outer edge of the frame is then common to both eyes,
red inside and black outside. Suth a border round the test will hold the

eyes in a locked position and prevent wandering and subsequent diplopia.

The addition of this red surround raised the level at which the
inhibition reversed from white to red, but it provec to have two advantages.
Subject could be shown the reversed situation when the centre of the chart
appeared red. The colour was sometimes described as being red 1ike the outside,

mostly as whiter, or an off red, but rarely as darker. Subject was asked to




131.

FIG. 4. 4

The set up for performing the retinal rivairy test is shown hers. The
lighting in the room is lowsr than that used for taking the photograph. about
equal to that seen on the subject’s ngh. hand.

The letters on the chart have been blurred by an equal amount equal
to one dipoptre of myopia. That is. the normal eye sesing through a -+ 1.00 sphere.
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note the colour of the centre in relation to the outside (which remained
constant) and say when the same colour was seen again. This provides a
more stable end point. Also the point when the centre returns to white

(again often described as off white) was similarly very definite.

An attempt was made to match these measurements by using red and
green images instead of the white projected chart. 1f filters are used
which are complimentary, the red seen through the red remains the scme
red, but seen through the green it appears black. A chart was made with
two rectanales 7.5 x .5cms with a 6/15 letter C centred in each rectangle.
When these are normally seen they appear as red and green rectangles. Vhen
seen through the red filter they are seen as one red and one black rectangle.
The change of the green rectangle to black could then be used as an end
point indicating that inhibition had taken place. The measurements were SO
much lower than those taken when a red-white chart was used that there was
insufficient variation between subjects and the experiment was discarded.
It 1s probable that the change to red is proportional, not to the amount of
plus sphere used, but to the amount of blur induced, and this wili vary with
several factors such as the size of the subject's pupil. A study was made
(Humphriss, 1968) of the relation of amount of plus to amount of biurr in a
normal population and a normal distribution was obtained. Hence some subjects
with the same amount of blur had a considerably lower visual acuity than others,

but the variation could not be attributed in several cases to any optometric

variation.

An attempt was made to improve the plus sphere measurement by
moderating the amount of myopia by some of the factors shown in the
experiment as responsible for high or low acuities, but the correlations

between these and other optometric scores were higher with the raw score
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than with the moderated score, sC the raw score was used.

When we gave the test with the red margin to a pilot sample, some

of them noticed that before the centre of the chart changed to red it

went to a light pink. This offered another score so that from this test,

six measurements were available. With the red filter before the R. eye.
1. Amount of plus before pink was seen

2. Amount of plus before the red chart was seen

3. The reduced amount of plus at which the white screen was seen again

4-6. Repeat with the filter before the L eye.

A Binocular Frustration Test

The request from the psycrologists that a test be designed in which

the binocular function would be neakened by some sort of frustration was

met when it was known that the new target for measuring the P.F.R. gave

very accurate results.
It was known that if a patient had one clear eye and one blurred eye

that binocular vision was usually unstable. An experiment was tried in

which this condition was imposed on a normal subject and a considerable drop in

An experiment was then tried on a sample group &s
the P.F.R. was recorded

P.F.R, was recorded.

follows: Using the refractor head rotary prisms,

normally and then repeated with the L eye fogged by artificial myopia in

steps of 0.50 D.

In most cases it was found that the meacurement with the first

fogging of 0.50 D was s1ightly increased, probably because the practice

effect was stronger than any lowering due to the weak sphere. At 1.00 the

P.F.R. began to fall and with the 1.50 D spherc ho fallen in some cares

by 50 per cent.
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To eliminate dominance effects the run was repeated with the R eye

fogged.

The results were produced as histograms and these were considerably
skewed, but conversion of the scores to Jogarithms removed much of the

skewness.

A ratio score was then produced as follows:
The four measurements with plano and +0.50 sphere were tdded
The four measurements with the plus 1.00 and +1.50 D sphere were added
The log of the first four was then subtracted firom the log cf the second
four measurements. This gave a score which represented the amount of
coliapse of binocular vision due to the fogging of the vision of one eye.

1t was named the Fall Off Score.

The Binocular Experimental Procedure

In addition to the main refraction theatre, the optometry clinic has
a small separate clinic where experimental work can be done. It 1s
equipped with an Ameican Optical Co. Refracting head on a hydraulic stand
and has a hydraulic chair. The cubicle is 3.3 m 1long and the chart is

seen reflected in a mirror on a stand.

A further mirror on a stand was placed to the R of this mirror. To
the R of the patient a Clason projector was positioned level with S and
pointing towards the mirror. This projector was fitted with the special

s1ides designed for the retinai rivalry measurements,

The refractor head has a red filter of the same density and colour
as that used as a border which can be easily flipped into place before

either eye, and the instrument can be varied in plus or minus sphere in

0.25 steps.
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To the L of S, an aluminium screen and the fusional square and
red dot equipment were positioned one above the other so that by adjusting
the second mirror, the projected beam could be focused on to the aluminium
screen, and by turning the first mirror subject could see both the screen

and the fusion chart.

The inter-pupillary distance was measured and all instruments
adjusted to it. This measurement (P.D.) was used in the statistical
analysis because of evidence that it might relate to personality in terms

of Shelden's typology (Sheldon and Stevens, 1942; Whittaker 1966).

Subjects were refracted binocularly by the Humphriss Immediate

Contrast technic . (Humphriss, 1963), and the visual acuities recorded.

This technique has a particular value for this programme in that
it cannot be applied to a patient without near normal binocular vision.
1f the patient could rot be satisfactorily refracted by this method, then
the case was rejected. The muscle balance was taken with a maddox rod and
if a heteroohoria likely to upset the fusional balance was found, the state

was investigated and a relieving prism used.

At this stage the case was again reviewed. If the visual acuities
were unequal by more than one line, the case was rejected. Similarly, if
the muscle balance was so high that the case had to be considered as one
of binocular instability it was rejected. The need for this severe screening
is indicated in the results of a research programme into retinal rivalry
by Alexander (1951) in which one subject with an esophoria of 7 Pr.D gave
very different results from the other subjects; 7 Pir.D of esounoria is only

just outside tle limits of normality.
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After these measurements the fucional reserves were taken with
accormodation at rest. The square and red dot chart was switched on and
by inserting a prism of power 6 Pr.D basc up, diplopia was obtained, and
by reducing the prism, re-fusion was demonstrated. This was sufficient
to demonstrate to subject that the chart would double and would re-fuse

to one chart.

1. The rotary prisms were placed before both eyes and tne prism
introduced base out until diplopia was recorded. The prism was then
reauced in amount until re-fusion took place. The score was recorded
in prism dioptres.

Score 83 P.F.R. to break

Score 84 P.F.R. to recover

The procedure was then repeatcd, introducing prism base in.

Score 85 N.F.R. to break.

The prism wa then introduced vertically.

Score 86 Vertical F.R.

2. The prisms were then returned to O and a plus 0.5D.Sph placed before
the L eye. Tha P.F.R. was measured to break. The sphere was increased
to 1.00 D and the P.F.R. re-measured, and the sphere increased to 1.5 D

and the P.F.R. measured to break again.

This procedure was then repeated with the sphere before the right

eye. The mean of the two was then calculated.
From thi. procedure a score was obtained as previously described.

Score 87 Log P.F.R. unfoaged - Log P.F.R. fogged.
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The Retinal Rivalry Test

The room lights were then switched off and the projector switched

on. The red filter was placed before the right eye.

Subject was asked if the letters were clear and if the chart was
coloured. 1In all cases the answer was clear and white. A piL. 3.00 sphere
was tnen added and the red chart was seen. The plus sphere was removed and
then increased in mounts of 0.25 D sphere every half a second. The patient
was asked to say when colour was seen. When the red colour was seen the

plus was reduced until the white chart was seen again.

The procedure was repeated with the plus spnere before the L eye and
the mean of two measurements taken, red seen, and return to white because
all subjects did not see the pink chart. Two scores were derived.

81 Log of retinal inhibition level

82 Log of reversal to white.

By this time subjerts were tired and sometimes complaining of a

frontal headache.

The second part of the visual test was carried out after a rest of
three days. If subject had a refractive error and wore giasses the glasses
were neutralized and were culy used for these tests if the prescription
agreed with the refraction to 0.50 D. If they were out by more than this
amount the prescription was put up in a ti al frame. Subjects who did not
wear glasses but whose refractive error exceeded 0.50 D were similarly
fitted with trial lenses. The fusion tests were carried out on a synoptophore
and mounted on to the hydraulic stand of the A.0. Co. by removing the stand

for the opthalmometer, and making a special stand to take it. Having an

P —



ket can el

138.

adjustable stand and chair, the large difference required in height between
a short and a tall subject could be adjusted for and subject could be made
comfortable with the head in the upright position. This is imporiant, as
Jooking upwards increases the N.F.R. and reduces the P.F.R. T-e reverse

changes are effected if the head is tilted backwards and the subject looks

downwards.

The inter-pupillary distance was measured and the subject was
instructed to relax and just let things happen. Heasurements were taken

in tv  ‘ollowing order :

1. The position of rest with the eyes dissociated, unfused.

2. Fusion was established with the spider and dots.

The tubes were converged until diplopia was reported. They were then

diverged until re~fusion toc" »lace.

The tubes were then - 1verged further until diplopia tock place
and then converged to the position of re-fusion. The four measurements

were recorded.

The scores were calculated as follows: The position of rest was
added tc or subtracted from the position of break and recover. Two
scores were recorded.

87 N.F.R. to break in prism dioptres

98  N.r.R.

The N.F.R.was then deducted from the P.F.R. giving a score which
represented how much more the patient was convergent than diveraent. This

score was thought to represent binccular tension.

Score 88 P.F.R. ~N.F.R.
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Subject was asked to look at the slide as though it was a real
spider near to them and to try and converge their eyes to it. If they
could feel the muscular effort of converging they were impressed to try
and increase this feeling. A score of moti: . convergence w.. calculated

by subtracting the log of P.F.R. unmotivated from the motivated performance.
Score 89 Log motivated P.F.R. - Tog P.F.R. relaxed.

The slide was removed and replaced by the cyclo-Tine slide with
the Tine horizontal and the cross above the line and the circle below it.
As a check on the position of rest, subject was given the control and asked
to place the cross vertically above the circle. The tubes were then locked
into position. Subject was told that the Tlines would not double, as did
the spider, but would turn into a scissors type of cross. 7They were to
report as soon as this was seen. The lines were then rotated in opposite
directions until the cross was seen. The tubes were then rotated back
towards the parallel position and the measurement for re-fusion recorded.

The test was then repeated rotating the tubes in the opposite direction.

The s1ides were then removed and replaced with the lines vertical and

the test repeated.

It was found that the vertical score was about doubie the horizontal
score, and this was subtracted from the higher score giving some measurement

of cortical visual flexibility.

The cycloversion scores were measured as the angle when the Tine
rotated clockwise to the position of break when the 1ine was rotated anti-

clockwise. The recovery score was similarly calculated.
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Subject was asked to look at the slide as though it was a real
spider near to them and to try and converge their eyes to it. If they
could feel the muscular effort of converging thev were impressed to try
and increase this feeling. A score of motivated convergence was calculated

by subtracting the log of P.F.R. unmotivated from the motivated performance.
Score 89 Log motivated P.F.R. - log P.F.R. relaxed.

The slide was removed and replaced by the cyclo-1ine slide with
the 1ine horizontal and the cross above the 1ine and the circle below it.
As a check on the position of rest, subject was given the control and asked
to place the cross vertically above the circle. The tubes were then locked
into position. Subject was told that the lines would not double, as did
the spider, but would turn into a scissors type of cross. They were to
report as soon as this was seen. The lines were then rotated in opposite
directions until the cross was seen. The tubes were then rotated back
towards the parallel position and the measurement for re-fusion recorded.

The test was then repeated rotating the tubes in the opposite direction.

The sTides were then removed and replaced with the lines vertical and

the test repeated.

It was found that the vertical score was about double the horizontal
score, and this was subtracted from the higher score giving some measurement

of cortical visual flexibility.

The cycloversion scores were measured as the angle when the line
rotated clockwise to the position of break when the line was rotated anti-

clockwise. The recovery score was similarly calculated.
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Four scores were recorded :

90 Total cyclovergence to break using the horizontal Tine in
degrees of angle

91 Total cyclovergenze measured between ihe two recovery positions
in deg:ees of angle

92 As 90 but with the line vertical

93 62 - 90.

The Stereoscopic Tests

The stereoscopic slide of the Ndebele was then placed in the
instrument and one tube turned off. Subject was asked to look in and to
say what was the order in depth of the five stimuli ~ the hedge, the hut,
the man, the girl and the child. The same order was given by all subjects -
hedge, child, girl, man, hut. The second tube was switched on and subjects
asked to report any changes 1in pssition. A stop watch was started as the
second tube was switched on and the time taken until subject reported that

the hut had moved forwards, level with, or in front of the child.

The instrument was switched off and the slides reversed from R to L.
The instrument was switched on and the stop watch re-started. Subject was
asked to say what changes in position took place this time. Time was

recorded when the girl was seen in front of the hedge.

The Ndebele slides were removed and the stereoscopic sum slides put
in. The model 11lustrated in Fig. 4.11 was shown to subjects md it was
explained to them that when the stereoscopic percept was seen the discs would
separate out in space, backwards and forwards and that a sum could then be
read by taking the numbers and the times signs from front to back.

Subject was then asked to say what sum could be read frum the model. VWhen

this was understood and tne correct answer given subject looked into the

.
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synoptophore and the tubes were switched on. The time was taken when the

correct answer was given.

Each subject was given four minutes in which to see the stereoscopic
answer. The distribution of the scores was bimodal and very skewed. The

skewness was improved with a logarithmic score.
Three scores were recorded:

94 Log time with the stereo sum
95 Log time with the stereo hut

96 Log time with the stereo man.

Every coubtful result was repeated, and in order not to take the

doubtful measurement in isolation the complete test run was repeated and
the resulfs compared with the first test. In a majority of cases the &
doubtful measurements were shown to be incorrect answers. In two subjects {

only the inconsisuencies were repeated, and these were removed.

In cases wi 2re there was no inconsistency, the mean of the two

runs were taken.

From this procedure 22 scores were derived. The recovery scores
for the N.F.R. and the V.F.R. were mostly near zero and these were not

used in the computations. The scores used are given in Table 4.2.
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Table 4.2

Description of 20 Scores of lon-Visual Variables, Resultina from

Nix Her in

the Optometric Programme

Description of score

"0 x 100 ma*+~ix,

I
82.
83.
84,
85.
86.
87.
88.
89,

90.
9.
92.
93.
94,
95,
96.
97.
98,
100.

Loy of retinal inhibition level

Log of retinal reversal to white

P.F.R. to break

P.F.R. to recovery

N.F.R. to break

Vertical F.R. to break

Log P.F.R. - Log P.F.R. fogged = fall off
P.F.R. - N.F.R, = tension

Log P.F.R. with effort - Log P.F.R. relaxed = Motivation -
suggestion

Cyciovergence Hor. line to break.
Cyclovergence Hor. 1ine to recovery
Cyclovergence Vert., linc % break
92 - 90

Log time stereo sum

Log time stereo hut

Log time stereo man

P.F.R. measured on synoptophore
N.F.R. measured on synoptophore
Interpupillary distance
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CHAPTER 5

THE DESIGN OF THE PSYCHOLOGICAL AND NEURO-PSYCHOLOGICAL RATTERIES OF TESTS

The Principles Involved

The design of the psychological and neurc-psychological batteries

of tests was based on four principles.

1.

b)

The tests must relate to the neurological model, as constructed

in Chapter 2.

The tests must be so chosen that they would be 1ikely to produce

significant correlations with the scores from the visual battery

of tests.

It was known clinical that certain non-variable visual variables

such as motivation could be used to vary the scores,.

A1l the visual tests were new tests and the project committee had
no clear indication of the nature of the psychological variable
responsible for their variability. The test battery therefore iad

to be very wide, to cover as many known psychological variables

as possible,
Six proposals were advanced from these principles:-

It was known that binocular scores could be improved by suggestion

end motivation. Therefore tests were required which measured these

aspects of behaviour.

It was possible that the muscular behaviour regponsible for

bringing the eyes 1ntoWon of fusion would be similar to

muscular movement in general. Tharefore tests were required to

I
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f)
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measure individual muscular strength and persistence. As this
might relate to general build, body measurements were taken and the

ponderal index calculateu.

It was known that a psychological tension state increases P.F.R.
A test was required to measure the degree of tension of the

subjects doing the tests.

The alpha rythm is known to be related to vision and there was some
evidence that it related to binocular vision. An EEG battery was
included.

It was possible that the particular neurology which produced
binocular vision was also responsible for other visual phenomena,
some of which, such as c.f.f. have produced significant correlations
with psychological traits. (Tong and Ground, 1970). Severai tests
of this type measuring aspects of monocular vision were included.
Equally the binocular behaviour might relate to sensory behaviour

in genera’ and therefore tests of auditory performance were included.

The saarch f¢r a non-visual variable had indicated that some aspect
of psychological rigidity was involved. In the case of the spectrum
type test this appeared to be some type of cortical flexibility,

while in the case of the dolls it appeared to be perseveration.

Three of these six proposals relate directly to the model. Proposal

(b) would test muscle responses and hence might re’ate to muscular movement.

Proposal (f) would relate to the summating machanism as this has been shown

to have flexibility within 1imits which varied between subjects. Several

of the tests chosen were thought to measure this type of cortical flexibility.
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Among the tests based on principle {f), were several where the test
behaviour of the subject is altered by introducing a new dimension which
required subject to inhibit a pattern already learned and to base his
behaviour on a similar but slightly different pattern. It was thought that
these test results might correlate significantly with the tests of visual

inhibition.

Iv was also thought that the primary-secondary rating as defined by
Heymans and Wiersma (Biesheuvel and Pitt, 1955) might be the neurological
basis of the perseveration which they had found in so many of their research
programmes, a large number of tests based on this thinking were included in

the psychological battery.

llhen the testing programmes were complete, a correlation matrix
100 x 100 was calculated. The scores given to each test described, are

those in this matrix.
Group (a

A. Tests for Motivation and Suggestion

Tapping Speed. Subject is seated before a table on whish is a morse key.

Subject 1s instructed to tap with the index finger of the preferred hand
using the button on the morse key. The number of taps is recorded with

an electrical counter.

At the first trial of 30 seconds, subject is instructed to tap
as fast as possible . At the second 30 seconds trial after an interval of
30 seconds, subject 1s continually encouraged to tap faster. Three scores

were derived :
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49, Tapping speed
50. “apping fast when motivated
51 50 - 48.

Autokinetic Movement. The method of performing and recording autokinetic

movement is surveyed by Conklin (1955). He finds the Guildford and Dallenback

(1928) tracing method as used here, reliable.

Subject sits in a sound-proof dark room and looks at a small point
of light. He is asked to record on a drawing pad the movement of the Tignt.
He is instructed that the eye cannot remain still in the dark and that this

will produce movement of the light. Movement is recorded for 2 minutes.

Subject is then told that there will be an auditory stimulus and
this by producing complex brain rythms will increase the movement of the
light. Subject then records the movement of the 'ight with the auditory

stimulus.
Score is the length of lire drewn. ~.s scores are derived :

30. Normal movement

31. Movement with suggestion.

Body Sway. Body sway was measured with a moving lever pressing against
the left shoulder, which records the variation on a scale in inches of sway.
The total movement backwards and forwards in a 13 minute period is recorded.
Subject has his eyes closed. Earphones are then fitted to subject and a
tape recording is played to him for 13 minutes. A monotonous voice says
"You are feeling a force which pulls you forwards, forwards, forwards. You

ca..not remain still, you can feel the movement of your body forwards, etc.”

The total movement with suggestion is then recorded. Two scores are derived :

st e g = s 4
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28. Normal amount of sway

29. Range of sway with suggestion.

A test relating to suggestion was also included in the Necker Cube

Tests.
Group (b

Tests ’or "uscular Strengtn

Grip Strei.yth. A test of ¢rip strength was given. Subject grips a double

handle and holds the two together against the resistance of a steel spring.

A maxim.. arip strength is recorded on all subjects. The first subject is
then brouyat back to the test and the cursor on the recording dial is set

to half of the previously registered maximum grip. Subject is then asked

to grip hard, raising the recording needle above the stationary cursor

and keeping it above this point of "half grip" strength as long as possible.
The %time is taken from the moment when the recording needle advances peust the
stationary cursor to the moment when it passes the curson again on its return

as subject relaxes his grip.
Two scores are derived :

44,  Strength of grip
45, Persistence of grip.

The Skull Indices. The skull was measured with callipers and the following

measurements recorded. Maximum Tength, maximum width, height from centre

of skull to the orifice of the ear. The following scores were derived :

32, Breadth/length
33. Height/breadth.
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The Ponderal Index. The ponderal index was obtained by measuring the

height of the subject without shoes, and weighing the subject without shoes

or jacket. The score is the height divided by tha cube roovt of weight.
11. Ht/cube rt. wt.

Psychological tension. The amount of tension from which subject suffered

in a tes®ing situation was calculated from the lack of alpha rythm in the

EEG recording.

The Neuro-Psychological Programme

1. The EEG

Two EEGs were recorcued simultaneously on two instruments wired in
parallel. This made it possible to record on 16 channels. For this
purpose three operators were required, one with each instrument and one
with subject. Subject was in an air condi*ioned 1ight proof and semi-~sound
proof laboratory, seated in a hydraulic chair with arm rests. Six feet
hefore the subject was an oscilloscone. To the side of the oscilloscope
was arn optical mirror in which subject could see reflected the equipment

used in the visual battery which was erected behind him.

Eight electrodes were fastened to the subject's scalp with
colloidal salt jelly and four were fastened to the face, one on the eyebrow,
one below the eye on the orbicularis, one 12 mm lateral to the outer canthus
and one on the nasion. Subject was provided with a recording button, and the
operator in the laboratory with subject had a sim*lar button. These buttons

recorded their signals on the EEG.
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Communication between subject, operator, and EEG operator was by

microphone and speaker.

Subject was made comfortable in the hydraulic chair, asked to close
his eyes and when EEG registration appeared satisfactory the standard

procedure for recording, already described, was used,

Alpha blocking with visualisation was then recorded. Subject was
instructed “"Think of Hr. Humphriss's face. When you have a clear picture
of his face press the button." When the signal arrived the instruction
was given "Now let the image go, when it has gone press the button." i n
this signal was received the procedure was repeated with the auditory image
of rain beating on a window pain, and with the kineasthetic image c¢f holding

the 1egs out from the chair up in the air.

Retinal inhibition procedure was then followed. hs a refractor head
could not ba used, a trial frame was placed on subject's fece and plus
lenses in 0.25 steps put up in a rack three at a time. Vhen the 0.75 had been
exposed and no reversal was recorded, a 7.00 [ sphere lens was placed in the
trial fr-me and the r~-x used to incrrase the plus up tc¢ 1.75. A second plus
1.00 was then placed in the trial frame. This was sufficient to produce
reversal. Plus was then reduced until a white chart wac seen. Subject
indicated that the inhibition had occurred by pressing his button wheu the
chart changed from white to red, and again when it ro. rzed back from red to

white.

A small rotary pricm which had been especially made was fitted
into the trial frame and was sufficient to record a vertical fusional
reserve. The operator signalled when the addition nf prism befecre one eye

had begun and subject signalled when diplopia resul*:d, ad again when
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Communication between subject, operator, and EEG operator was by

microphone and speaker.

Subject was made comfortable in the hydraulic chair, asked to close
his eyes and when EEG registration appeared satisfactory the standard

procedure for recording, already described, was used.

Alpha blocking with visualisation was then recorded. Subject was
instructed "Think of Mr. Humphriss's face. When you have a clear picture
of his face press the button."” When the signal arrived the instruction
was given "Ncw let the image go, when it has gone press the button."” Uhen
this signal was received the procedure was repeated with the auditory image
of rain beating on a window pain, and with the kineasthetic image of holding

the legs out from the chair up in the air.

Retinal inhibition procedure was then followed. As a refractor head
could not be used, a trial frame was placed on subjert's face and plus
lenses in 0.25 steps put up in a rack three at a time. When the 0.75 had been
exposed and no reversal wis recorded, a 1.Cu D sphere lens was placed in the
trial frame and the rack use¢ t~ in-rease the plus up to 1.75. A second plus
1.00 was then placed in the trial frame. This was sufficient to produce
reversal. | us was then reduced until a white chart was seen. Subject
indicated the . the inhibition had occurred by pressing his button when the
chart changed from white to red, and again when it reversed back from red to

white.

A small rotary prism wnich had been especially made was fitted
into the trial frame and was su’ficient to record a vertical fusional
reserve. The operator signalled when the addition of prism before one eye

had begun and subject signalied when diplcpia resulted, ard again when
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refusion had taken place. It was hoped to find some change in the EEG which

coincided with the diplopia.

Photic Stimulation. A mercury vapour lamp oroducing a short high intensity

flash was placed two feet from the subject's face. Subject is told to keep

his eyes closed and to report what he sees. As some subjects become confused

when the frequency of the Tight agrees with their -1pha frequency, they are

made to keep up a running commentary and not allowed to lapse into silence.

Flicker is first presented at 1hz and the frequency increased
sTowly up to 40 hz. Th2 fiequency is then reduced back to 1 hz.
The EEG operator writes on the EEG the comments of subject on what subject

sees,

This total EEG programme took about 45 minutes. At the end of the
programme most subjects were feeling discomfort and some complained bitterly
of a headache. They gave the impression that they were completing the test

by driving themselves to do so.
Ten scores were obtained from this programe :

48, Alpha frequency

64. Alpha amplitude

65. Alphe index | thought to be reduced in tension states
66. Alpha location

67. Alpha response

68. Alpha response visual

69. Beta incidence

70. Theta incidence

71. Degree of abnormality

72. Flicker response.
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Greup_(e)

Tests of Visual and Auditory Ability

Size Constancy. Sire constancy was measured in two experiments which were

carried out in the Tecture hall of the Institute. The first test consisted
of a comparison between circles held at half the distance from the stimulus
circle. Subject was asked to say if the circle presented was larger, smaller
or equal to the stimulus rircle. The stimulus circle was then moved forwards

so that the test circles were presented in the same order at double the

distance to the stimulus circle. i

The second test was carricd out with a variable triangie which could be

adjusted in size electrically. The test triangle was similarly positioned at

e

half and at double the distance to the stimulus triangle. Firstly the test
triangle was increased in size and subject pressed a button when he judged

that it was of equal size to the stimulus triangle. Secondly, the test

triangle was decreased in size, and again when subject judged that it was

the samc size as the stimulus, he pressed the tutton. ﬁ
Seven scores were derived from the test :

1. Mean constancy

5 Short estimate minus long estimate - lack of constancy
3. Difference between ascending and descending trials

4, Range of response

5, 6, 7. As in 1, 2, 4 but with the triangle.

Stereoscopic Acuity. A three needle test for stereoscopic acuity was

included in the apparatus used to produce the Necker cube.
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The Exner Spiral. The Exner Spiral consists of a black and white spiral

one foot in diameter which is rotated slowly. Subject sits three feet from

the spiral and watches it rotate. Fixation is then changed to a dull matt

surface and a rotating after-image is seen moving in the opposition direction.

One score is derived :

10. The duration in time of the after-image.

Visual Perception Rate

In an electronic tachistoscope, cards are presented which are
designed Tike a chess board, with all white squaras divided by black Tines.
Some of the white squares are filled in. The number filled in varies
randomly from one to 10. The card is exposed for .2 seconds. Subject
states the number of black squares seen, Score 62 is the number correct

out of a total of 16 cards.

C.f.f. was recorded with the apparatus of de Wet (1962). This
apparatus was placed on a table to the side of subject so that by turning
his head slightly and Teaning forward he could fixate the small fiickering

square.

The speed of flicker was increased until subject reported no flicker

and the speed then reduced until flicker was seen again. Subject was

instructed to press his button when flicker disappeared and when it appeared.

Speed of flicker was increased and when the operator saw subject press his
bi.tton, c.f.f. was recorded. Flicker speed was then reduced untii subject
pressed his button again. C.f.f. was again recorded. Three ascending and

three descending irials were made.

(f) Measurement of Psychnlogical Rigidity

There are many psychological tests which claim to measure an aspect
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of rigidity. With the exception of those which measure perseveration, these
tests present a difficulty that the meaning of their score is not clearly

defined. An example is "Flexibility of closure”.

For this reason a test was used where the scores are very clearly
defined. This test was given to all the samples. The initial research work,
a factor analysis of temperament, from which the instrumert was developed,
was done at the institute, and the senior staff were sure that a measurement

was obtained of the stability or excitapility of the subject.

The Tempera=~ant Comparator is a self-rating, forced-choice test develop:!

by Melany Baehr and R.H. Pranis and available from the Industrial Relatio .

Centre, Chicago. Scoring is semi-automatic.

The subject rates himself by comparing two adjectives with each other
and deciding which of the two describes him better. The adjectives are
calm, cautious, decisive, demonstrative, emotionally stable, energetic,
enthusiastic, even tempered, lively, persevering, prompt starter, quick worker,
seeks company, self confident, serious, social at ease, steady worker,

talkative.

The adjectives are printed adjoining radials of a circle equally
spaced around the circumference. In the centre of the circle is a disc
1ika a gramaphone record engraved with horizontal lines so tha. at the end
of each 1ine there is an adjective. Subject makes his choice between the
adjectives by making a pencil mark in a hole at one end of the line. When
all the adjoctives at the ends of the 11 s have been comparecd, the disc is
rotated by the space between . ne pair of adjectives so that the 1ines are
now 51ightly oblique and the L upper adjective is compared with the R lower
adjective. Each adjective is then compared and the circle rotated by one more

adjectival space.
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The holes on the Tines in which t' > pencil marks are made are on
a spiral so that each choice can be scored in terms of the number of dots
made agaiast each adjective. Best results are obtained if the subject is
pressed to work as fast as possible, and should subject be in doubt about
the choice to guess and not to ponder on the choice. Six scores are
obtained, five being factors of tempe.ament and the sixth is obtained by

inconsistency in performance :

38. Controlled
39. Stable

40. Self-reliant
41, Excitable
42. Sociable

43, Inconsistency score.

The Problem of Persereration

At the time that this research was carried out, three separate
departments of the Institute were concerned with research on perseveration.
Discussion with those in charge of these experiments suggested that perseveration

was almost certainly one of tI factors producing the variability in binccular

behaviour.

This was of particular interest to the Department of Neuropsychology.

Perseveration is known to represent the state of the brain. In a
brain that is physically damaged, perseveration is greatly intensified
(Shivack and Levine, 1956), it is considerably increased in some psychotic
states (Guilford, 1933),and greater in patients who have had electric shock

therapy (Fisichelli et al., 1955).




155,

Tts measurement bv the rate of change of ambiguous figures is reliable

and changes little from day to day (Fisichelli et al., 1955; Ruttiger, 1963).

Thi< type of thinking caused the early psychologists to consider
perseveration as a built-in delay in reaction in the central nervous system
which would affect all behaviour, and it would seem that perseveration must

be one of the simplest forms of nsychological rigidity.

Yet as long ago as 1946 Cattell says of "The riddle of perseveration.
'Perseveration is not a unitary characteristic.'" The variability of the
amcunt of perseveration with differing targets was demonstrated by Brown

(1955) who also surveys the literature on changes in reversible figures.

Donahue and Griffiths (71931) found that with static figures simple
figures reverse faster than complex figures. Phillip and Fisichelli (1945)
found the opposite with moving figures and showed that the faster the movement

the greater the change.

From his experimente, Sakano (1963), deduced that a change in perception

was accompanied by « change in ocular movement.

A measurement of oculo-motor perseveration can be extracted from

the e..periment of Herberg (1955).

While investigating the speed of saccadic eye movements, and hoping
to find a correlation with EEG and flexibility measurements, ne failed to
find a significant correlation, but an examination of his statistics shows
an interesting correlation with fixational time. The subject was required
to look as quickly as possible from one dot to another. The eye movements
were photographed, and the length of :ime that the ¢ye remained fixzted on

one dot before moving to the second dot was calculated. These fixational

n oy ey e e o s R e



156.
times, which represent perseveration of fixation, correlate significantly
with alpha frequency and intelligence scores. The author found a correlation
between saccadic speed and mean fixation time and Pauli total additions
and between fixation and convexity of work -0.61
Fixation time to S.A. Group Intelligence test - 0.56,

Fixation time to verbal I.Q. - 0.49; to non-verbal - 0.56.

These correlations were significant at the 1 per cent level of confidence.

With this background in mind, three tests of perseveration were
chosen, one with a static target, and two with dynamic targets. In addition,
one of the tests with a dynamic target was repeated with varying types of
fixation to see if our results supported the conclusion that there are Tow
correlations between tests of perseveration where there is a change of target,
but high correlations when the target is constant and the testing conditions

varied.

A piece of apparatus had been developed at the Institute for
investigating the relation of stereoscopic vision and size of image to reversal
on the Necker cube The apparatus consisted of an elongated box, open at one
end. In the middle of the box was an opening where glass slides could be
dropped 1irto grooves. Subject viewed the slides from the distance of six feet
before the box. The Necker cube could then be broken up into parts and the one
part put before or behind the other. It was found that this did not interfere
with the reversal al .nough stereoscopically it could be deternined which of the

two squares was in frort.

Various presentations of the Necker cube were made and subjects asked
to tap a pencil on the table wher. the geometrical reversal took place. Subject

was swored on tne number of reversals in one minute. Subject was then asked
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