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ABSTRACT
Monocular g.nd Binocular Vision with

L

Asymmetrical Visual Pathology -~

2

Olga Overbury, PuD.

Concordia’ University _ ¢

The effects 61’ asymmetrical visual pathology o*x binocular vision
vere examined in four disgnostic categories: amblyopia, cataract, optic
néuritis, and macular degeﬁeration. Suppression, summation, and
gvex"aging,g as adaptive binocular mechanisms, were assessed in six
experime;irt’s which‘ evaluated standard visual acuity, contrast
-sexisftivity, temporal resolution, stereopsis, colour vision, and reading
perfoi'manée. ‘I't was expected that binocular performance on all the
tasks would be impaired in all of tl;e diagnostic groups except
amblyopia. = .

‘.Fjeve observexl‘s in each diagnostic category and five normally sighted
sub:jects ﬁarticipg.ted in this study and their monocular and binocular
vi)sion was assessed .in each of th?V six expéi'iments. The results of the
acuity test showed that all observers were able to suppress the weaker
eye during binocular viewing. Equivalent results were obtained on the
reading test and led to the conclusion that targets with high comtrast
and high spat;al frequency allowed suppression to occur during binocular
viewing. The tests of spatial and temporal resolution indicated a
‘te;adency for averaging of monocular inputs to occur when macular

degeneration was the cause of asymmetrical vision. The other diagnostic

groups tended to use suppression or summation on these tasks. Only.
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those observers with optic neuritis and the normally sighted individuals - ' ) l ‘
showed evidence of good stegeoacuity which requires coq:erative interac- | .
tion of the two eyes, Finally, tests of colour vision produced data ‘ ‘
that suggested theluise of averaging by the groups with optic neuritis
and macular degeneration. The results of the six experiments suggest
that the choice of bir\ocular strategy may depend primarily on the locus
of the patholog& ‘and secondly on the visial task. -

An additional aim of this study was to examine currently prescribed
occluders for patients with asymmetrical visual impair;n';nt. Opaque. : | |
_ occluders and' frosted lenses were used in the monocular viewing condi—
tions in three of the experiments. The data indicated no significant O
difference in visual performance when either occluder was used. - 4' . 1

The results of this study indicate that the binocular processing of TR
visual information may be contingent on the locus of pathology as well
as the type of task performed; The findings are discussed in tjae con-

text of current theoretical, formulations. SR
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MONOCULAR AND BINOCULAR VISI(N
WITH ASYWETRICAL VISUAL. PATHOLOGY

: . © . Statément of the Problem

Research dealing with various forms of visual pathology has examined
the changes which are observable in monocular and binocixla,r vision.

Since many diseases which affect the visual system are bilaterai and

. symmetrical, much of the present knowledge is besed on these disorders.

Altho@ many of the questions that have bgen addressed by resea;'chers
in this area stem from pragmatic cqnsiderations and thus are of practi-
cal importance, they do not a],lo\.w n'mc;h novel speculation or deduction
cong:erning binocular visuﬁ.l processing. '

Unilateral or asymmetrical pathology provides an oppprtunity fo
study the adaptive cgpacity of the visual system. This adverse effect
on binocular vision, that is causéd by unequal responding of the two
eyes, has been of great interest to medical investigators. For example,
the case ofyamblyopia“has led to much speculation concerning the
affected perceptual processes. The currently accepted theory statés
that the brain suppresses or ignores the information transmitted by an
eye which is weaker due to a strabismic deviation or an ubncorrected
asymmetrical refractive error. The latter condition, which is called

anisometropia, is particularly interesting since there is noorganic

defect in the weak eye (Vaughan & Asbqry, 1977). The study of amblyopia -

has provided much information about the underlying processes of

'bdnocular vision. However, more extensive investigation of asymmetrical

visual pathology is necessary in order to furthér the understanding of

E .
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these mechanigms. ‘ '

. Three ‘major’iss,ues must be addressed if one is to comprehend the
response of the perceptual system to pathologic or traumatic interven-—
tion. The first issue concerns the process which is ‘reSpoqsiblé for the
ﬁ‘nal percepfion of a visual stimulus when there exists a significant
difference between the input from the two eyes, and ';he'n this difference

is dué to more than geometrical, optical factors. In this context it

has been prdposed that "situatiqns where the visual input is not only

dii’férent in each eye but also of poor quality would tend to cause a

reliance upon the physiolégically superior eye" (Porac, 1974, p. 71).
&

_ In other iords, through suppression or inhibition of some visual input,

the information being channeled from the weaker eye becomes unava:ilable

to conscious perception. Perry and Childers (1972) had previously noted

a dominanbe-suppresgion mechanism to be operating in both amblyopés and
normlly sighted individuals. On the other hand, it has been suggested

that, for certain types of unequal visual input, an averaging process

e

based on the 1nforma;tion from the two optic channels is activated.

(Hurvich & Jameson, 1967; Levelt, 1885; Overbury & Bross, 1978).
MIIy, there are the classical fusion :theories of Kepler, Helmholtz,
and Fechner which suggest a summation of input (Kaufman, 1974).

The second issue, which may be independent of whether suppression,
averaging, or summation occurs, concerns the locus of impairment which
would engage the appropriate process.
unilateral or asymmetrical disorders are the ocular medis, the retina,
the optic nerve, and central sites. It is important to ascertain

whether a process such as suppression, tusion; or averaging would be

Four major locations of

- """“""-"'-4-» o .
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activv.téd with an early interference in visual input that could be’

caused by a media opacity or whether retinal or optic nerve components
would be necessarily involved before the process could be observed.

The final issue deals with the prescription of’spectacles in cases
of unilateral and asymmetrical visual input which presently is not based

. on any outlined criteria. Specifically, whereas the practitioner care-

fully prescribes the optimal correction for thel "stronger’ eye, the fate
of the "weaker" eye needs investigation, due to its potential impact on
binocular processing. Currently, three alternatives are avgilable to
the practitioner. A clear "balance lens" which contains a refractive
correction‘equal to that for the stronger eye may be placed in front of
the weaker eye. This procedure, naturally, allows complete visual input
to the eye, regardless of the distortion which the individual may
experience. Secondly, one can place a "frosted lens" in front of the
weaker eye, this being the clinical equivalent of a monocular Ganzfeid

which allows unpatterned light to enter the eye. Finally, one can

suggest that an opaque occluder be worn over the eye, th;ls allowing the

stronger eye to work alone. Thg importance of this issue lies in the
possibility that any or all of these procedures may be affecting a
n'atm'al adaptive process such as averaging, suppression, or fusion. On
the other hand, depending on which pathological condition evokes any of
these natural processes, the above mentic;ned clinical procedures may be
necessary in specific diagnostic categoxfies. In either case, a compara-
tive Mvé‘sﬁtigation of the three techniques is necessary to ensure opti-
mal visul functioning.

This study was based on the assumption that, in the face of asymmet-




rical visual input; the mechanism employed to efficiently process the
ayailable information may be determined by the lc;cus of impairment.
A;though one process may be objectively superior, it may be the case
that with certain pathologies the system is incafpable. of employing an
optimal strategy or that a mature visual system is not flexible enough
to shift from Mtion or averaging to suppression. Three major issues
on this topic are examined in this study: the first issue is directed at .
thg'determination of the adaptive strategies which are employed with they
occurence of a major asymmetrical pathology. The second issue dealt
with the localization of impairment which evokes a particular adaptive .
strategy, and the final 1ssué‘a.ddresses the problem of clinical manage-
ment in order to optimize the quality of the vistnl‘information which is

available to the impaired system.
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Introduction -
N . —_—
The examination of the processes underlying binocular vision has a

long and diverse history. Braunstein (1976) suggests that.many current

studies have their roots 1h the writings of philosophers of the
seventeenth and early eighteenth centuries. Julesz (1971) mentions that
in the nilneteenth century Helmholtz coined the wterln "cyclopean eye", a
hypothetical coﬁstruct which Hering used to explain identical binocular
directions. The current consensus among workers in the area of
perception is to accept some form of "fusion" theory to explain

binocular vision (Kaufman, 1974). Moreover, ophthalmologists now assume

that under normal viewing conditions, when the two eyes can focus on one .

object and send highly similar messages to the cortex, the system fuses
the two images into one (Newell, 1978; Vaughan & Asbury, 1977). When

unéqual inputs are received, however, the brain suppresses the -

information from the weaker channel. This conclusion has been based on
years of ophthalmological and perceptual research dealing with the
problexln of amblyopia.

The difficulty with the current state of affairs rests on the
inability to generalize these results béyond the case of amblyopia.
Other unilateral or asymmetrical visual disorders are quite common and
have been studied for diverse clinical reasons but their effect on
binocular perception has yet t6 be empirically examined. One could
argue that sufficient infoﬁtion in this regard has been accumulated

from the a;nblyopia research, but this contention is weakened })y two

.confounding variables. The first problem, that of generalization, is

caused by age differences between the typical onset of amblyopia in

o~
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contrast to other asymmetrical visual pathology It may well be that

the visual system in the developmental stage is capable of adopting a -

suppression strategy to deal with unequal input from the eyes but that
it loses this adaptive capibility when it reaches maturity or thn
degeneration begins 1n the later years. The second confounding variable
arises from the onset and duration patterns of different pathologies.
Amblyopes, who have been studied extemsively both during the develop-
mental and mature stages, exhibit long-ter;n and typically permé,nent
difficulties. Here too, one can speculate that even if a mature visual
system mintail{s its adaptive capacities; these mayn require an extensive

time period in order to become noticeably functiomal. . '

An additional problem that requires 1nvestigation @wms the locus
of pathology within the visual system. ‘' Since no definitive data exist
on asymmetrieal disorders, other than amblyopia, there is no evidence
that only omne ada.ptive mechanism is employed regardless of the type of
disorder. For 'instan‘ce, i1f visual input is degraded by a uni];ateral
opacity of the‘.- ocular media, the binocular processing of that
information may differ from the situation where retinal or optic nerye

damage has occurred. Alternatively, the choice of s’trategy utilized by

\ : .
\.the visual system may be determined not by the locus of pathology hut,

\ rather, by the type of task which must be performed. Thus, colour
\ st B ,

'éiorting, temporal resolution of flashing light, and reading may not all
- r"gquire the same adaptive process under conditions of asymmetriéal
ﬂﬁal input. |
gudiess of the outcome, the investigation of asymmetrical visual
pathology and its effect on binocular vision holds potential beneﬂt for

o e e b
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both theoretical and clinical advancement.. From a purely investigative
perspective, binocular visibn is still not completé ly understood al-
though it has been extensively studied for over a century. By examining
binocﬁlar vision that has been pathologically undermined, it may be
possible to shed some 1ight on the underlying mechanisms that‘_ contribute
to this complex process. Fr:)m a clinical perspective a reasonable'
assmption is that any unilateral ipsult to the visual system is highly
detrimental and that, when it occurs in lateg' years, it destroys any

possibility of acceptable binocular interaction, This assumption is

' based on numerous cases of patients who elther report that they con-

scio(xsly appreciate a decrease in their vision whe\ bot;h eyes are open
or who unconsciously favor one eye during clinical éesting to the point
of closing or covering the pathological eye. Empirical investigation

may allow categorization of individuals who may or may not be able to

efficiently use both eyes simultaneously. Furthermore, if only the.'

strong eye is functional for a viewer, it is imperative to ascertain the

optin;al‘ prescription strategy that would allow that eye to work
effectively. .

During the past century many theories have arisen to explain the
complementary functioning of the eyes (Helmholtz 1867/1925 Hering,
1868/1977; Sherringtqn, 1904/05; Sperling, 1970). Concurrently, a
variety of experiments have been conducted in order to suppor{: or dis-

pute the theoretical formulatiops. These have ranged’from McDougall's

(1904/05) demonstration of "nerve-path competition' to explain Fechner's
epa mpe

paradox to a recent intriguing research series conductpd by Blake and

" his colleagues which examines the underlying mechanisms of biqocular

L
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binocular summation viewpoint (Bla.ke, Martens,

1980, Blake & Rush, 1980; Blake, Westendorf, & Ove, on, 1980).

Additionally, a great amount of clinical research has been devoted

to the investigation of the degraded visual 1nput caused by visual

- pathplogy. As mentioned above, this work has emphasized bilateral

involvement, however, the resglts of these studies provide a basis from
which a model of asymmetrically impaired binocular vision may be
construcrted. , "ﬁe clinical studies, apart i’rdm elucidating the visual
gxperiences of atfected patients, also emphasize the necessity of valid
and reliable measures of visual functioning. )

In the past twenty years, there has developed a slow merger between
the experimental and clinical investigations of binocular vision.
Perhaps the best example of this process is evident in research that
have been directed at the study of ocular dominaice in normally sighted
individuals and the comparison of these results with those of research
concerning amblyopia (Crovitz, 1961; Porac, 1974; Porec & Coren, 1975;
Shapero, 1971; Sokol, 1976): Another instance of combined effort is
found in the endeavour to 1m1_>rove‘ upon the standard evaluation
techniques used to measure the level of visual functioning through the

use of psychophysical techhiques, and in the clinical attempt to find

reliable diagnostic tools for the assessment of many forms of physical

impairment (Brussel, White, Broés, Mustillo, & Borenstein, 1981/82;

Galvin, Regan, & Heron, 1976; Regan, Silver, & Murray, 1977; Sjostrand,

1979; Wanger Jr/m/lsson 1978). .
- Past resenrch from both the experimental and clinical fields must,
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then, be considered if one is to adequately explain the possibility of
adaptation to asymmetrically impaired vision since this provides a base
of knowledge conoerning the capabilities of the viPal system before the
onset of the pathology. Secondly, it is importdnt to take into accomnt
the functional‘ impaét of differentially located damage in the visual

system, and finally, 1t is necessary to test different levels of visual

functioning before drawing conclusions about adaptive binocularl

processes.

Theoretical Formulations

The classical theories of hinocular vision state that 'l’:oiriocular
perception is a result of the fusion of the monocular si?gna'.ls.
Helmholtz (1867/1925) believed that "...the explanation of single bino~-
cular vision is that, when the eyes are used in the natural, normal way,

the object at which we are gazing is imaged'in the fovea centralis of

each eye at the same time; and we know, by touching the object that .

there is really only one thing there' (p. 404). He further asserted
that each eye could be moved independently and that the two_eyes came to
be used together only by habit in the interest of single clear vision.
Hering (1868/1977), on the other hand, believed that "the two eyes
should not ordinarily be seen as two separate organs steered by the same
commands, but s0 to say as two halves 61’ a single organ'" (p. 16).
Although both men believed that fusion of the monocular inputs produced
the binocular percept, Hering formulated a law which stated that the two
eyes share a common 1nnervat_ion, vhereas‘ Helmholtz maintained that

fusion is purely a psychic act and is not produced by means of organic
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mechanisms. Sherrington (1904-05) also concluded that "...each uniocu—
lar mechanism develops independently a sensual ';lnlage of considerable
cmpletenesos. The singleness of binocular peroeptic;n results from the
comginmg onthese elabox?ted uniocular sensations" (p. 60).

" The early theorists acknowledged the existence of ;he suppression
mechanism only when the input to the eyes was greatly different, such as
is thhe éase in strabismus. However, fairly recent formulations of a
suppression théory emphasize that, even in a normel visual system, the
single percept results from the inhibition of one monocular signal by
its partner (Burian & Boeder, 1955; Fox & McIntyre; 1967; Perry &
Childers, 1972; Porac, 1974; Porac & Coren, 1975). ;I'he overwhelming
tendency, it seems, is still to'explain normal binocular functioning in
terms of fusion and to relegate su;rpreﬁsion to situations where retinal
stimuli are not in correspondence (échapero, 1971; Sperling, 1970).
Porac and Coren (1976) summarize current speculation by noting that
“sensory dominance represented a condition in which there is a sustained
discrepancy in the input to the two eyes. The inputs are non-fusable
and alternate in consciousness. Such stimulus conditions are seldom
found in normal viewing but seem confined to pathological conditions
such as strabismus or anisometropia. It may be the case that this
mechanism, does not express itself until the binocular coordinsitions are
in a state of malfunction, and thus it may not be important for visually
normal observers' (p. 885). , .

Normal Binocular Processing

~ Studies of binocular vi’sion have been traditionally devoted to
attempts at explaining ocular dominance, cooperative mechanisms, central
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and perif)heral contributions to sﬁ:gle vision, stereopsis, and binécular

rivalry. Researchers have also examined a variety of interesting bino— -~

cular phenomena ranging from Fe_chner's paradox ,,;o{random—dot
stereograms. ‘

Brightness  One aspect of binocular vision which has intrigued
investigators of perception is that of Fechner's brightness paradox. It
refers to the visual experience which occurs when the intensity of a
luminous target is markedly differemt for the two eyes (Curtis & Rule,

1980). For instance, if a white area is first presented to one eye and

then a grey area is presented to the other eye, the perception of the

61nocu1ar brightness is not increased by the.additional grey stimulus
but is diminished by 1t. Attempts to explain this paradox have been
numerous. McDougall (1904-05) suggested that "...the fatigue of the
cortical paphs, 1ﬂduced by the preliminary fixation of the brighter
field and the consequent increase of the resistance of those paths,
enables the paths excited by the darker field to draw gff a part of the
energy of the excitation procés_s from the form;r, diminishing lthe
brightness of the sensation-elements contributed by them" (p. 115).
More recently, it has been suggested that, contrary to Fechner's
expectation that summation would occur, the peradox is explainable in
terms of an averaging process (Hurvich & Jameson, 1967; Levelt, 1965,
1966). Leveit, for instance, be}ieves that the eyc;s work in a
complementary fashion in binocular brightness perception. Specifically,
one eye's incteased contribution causes a decrease on the part of the

other eye, particularly in the absence of contours associated with a

given stimulus. This gompromise, t&retore, causes the brightness of
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the dichoptically vieﬁed target, to fall between the brightnes® of the

A}

two monocular views. ’ ;

' Blake, Breitmeyer‘and Green (1980) conclude, ‘on the basis of earlier
research, that thé luminance of a homogeneous field viewed by one eye
can influence the. performance of the contralateral eye. They cite
studies with human amblyopes that have demonstrated an enhancement of
visual acuity in the amblyopic eye by luminance reduction of the other
eye's visual field. Nevertheless, current researcg demonstrates that
this aspect of binocuiar vision is still not completely understood
(Cartis & Rule, 1980). It gaeems that a nommonotonic relation my exist
in perceived binocular brightness. *At low intensities, the data indi-
cate possible averaging while there is evidence for partial summation at
the higher luminances. Furthermore, the locus of this type of binocular
interaction bas yet to bel 1dentified. . i '

tereopsis  Another topic of research conoerns the interpretaticn

. of binocular disparity. Investiga rs have examined the perception of
! . o

depth in a textureless optical array (Natsoulas': 1963), with stimuli
that present no familiarity cues (Jﬂleez, 1964 1971), and in situations
of stimulus uncertainty (Staller, I.a.ppin & Fox, 1980).

The research of Julesz, in particular ‘has provided a great. deang;
information regarding the underlying mechanisms of stereopsis. He
determined for instance, that even with computer generated random-dot
images, the quality of stereopeis is excellent. In other words, the
time required for the perception, the stability of the fused image, and
the amount of retinal rivalry compares di'a.vorably with the experiences

. produced by familiar stimuli. Julesz claims that the random—dot images
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. may even be easier to percei{re in'depth.

* From his results, Julesz has inferred that stereopsis is the result
of cei:trai visual processing. He bases this inference on the
om;arvation that, although the random-dot patterns are vastly different
when viewed monocularly, they can nevertheless be percei’vedlin depth
binocularly. This suggests that the processing of the information
occurs after binocular combination of the 1mages has occurred. Julesz
further claims that‘ihis assertion is in, agreement with the
nem-ophysiolog_ical work of Hubel and Wiesel (1962).

" The development of sterecacuity has also been examined in order to
explain the underlying mechanisms that are responsible for the process.
Romano, Romano angﬁpuklin (1975) conclude from their review of :the
literature that there is little agreement about the age at which human
stereopsis becomes fully established. The suggestions that have been
offered range from three to nine years of age.‘ There has alsc; been some
evidence that a decrease in stereocacuity may begin in the fifth decade
of life. ‘

Recent studies ;f stereopsis have attempted to elucidate the process

by studying the effects produced by intentional disruption of the

system. A'Staller et al. (1980), for example, increased their subjects'
. A

uncertainty about the visual stimuli which they were viéwing by

decreasing the discriminability of the contours and by 'allowing 8

multiple~choice pflsponse in identifying the stimuli. Letters of the
‘alphabet were presented either as ranciom-dot stereograms or as two-
dimensional M1u1 contours. The results suggested that the uncer-
tainty about the shape of the target did not impair globel stereoscopic
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resolution. ’

Another team of .reseax"chers has examined the effecté of REM
deprivation and awake-state visual deprivation on binocula\r depth
.perception (Herman, Roffwarg, Rosenmann; & Tauber, 1980). They
hypothesized that REM sleep activity in the visuomotor pathways and
dream 1xi1agery constitute a replic?.tion of perceptual aspects of lnormz\a,l
binocular viewing. Therefore, they expected that these pmcésqes would
prevent impairment of stereoacuity due to disuse which would be observed
after awa:ke-state V'lsualldeprivation. Their results, in fact, showed
significantly better steréoacuity following REM ';leep deprivation than
following a normal night of sleep. Furthermore, they .found 'that
sterecacuity may be significantly impaired by monocular as opposed to

binocular patching in the awake state.' They propose that the reason for

" this difference is that "...single eye vision causes nonsymmetrical

activﬁtion of visual input to neural centers regulating disparity

detection, whereas input is 1imifed but still symmetrical with both eyes
patched. This si';ua\tion apparently does not disrupt the normal balance
of binocular innerilai:ion.‘" They go on to postulate that "a monocular
patch situstion (misuse of the visual system) is much more disturbing to
sterecacuity than is binocular patching (disuse)" (p. 241).

In the present context, these results are particularly interesting
in relation to the enmination'of the clinical treatment 1s§11e. Taken
together with the developmental and neurophysiological da’t’a, they
provide a basis for the study of the effects of asymmetrical visual
pathology on binocular procémes such as stereopsis. Additionaliy, an
examination of a variety of visual tasks may allow tor\enlargement on
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the speculations by Julesz concerning the levels of the visual system

which are involved in any given perceptual task.
Single Vision Apart from specific topics like the brightness

paradox and stereopeis, there hasvalways been a great deal of interest
in the question of how two visual images are interpreted as a single
percépt. These investigations have selectively taken issue with the
classic theories of\pinocular perception and have generated data to
explain "cyclopean vision™ \

One of the controversies has centered around the possibility the.t

suppression may not be limited to amblyopic adjustment but ma‘y, in fact,

. be employed by a- healthy visual system to achieve single vision. One of

tth findings which have led to these investigations concerned a positive
correlation betv(eeﬁ the dominant eye ;which is preferred for sighting and
the differential acuities of the Vwo eyes (Crovitz, 1961). Fox and
McIntyre (1967) have tested the assumption that suppression of one eye's
input is contingent upon the complexity of the visual targets. In other
words, they‘ believe that suppression would occur only when the signal
strength in 'the monocular channels exceeds some specified level. Their
results supported this assumption and demonstrated that stimulatiom of
one eye by a complex target initiates a contralateral inhibij:bry
suppression process. ’ ,

Blake et al. (1980) studied suppression in situations which induced
binocular rivalry. Basically, they wished to determine whether the

visual stimulus or the eye itself was being suppressed in these

situations. Their psychoxilysicai data indicate that rivalry involves
+ competition between the eyes but ‘that this competition does not
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interfere withr‘ all binocular activity. In fact, they were able to
demonstrate that despite the suppression imposed on it, the suppressed
eye can still contribute to stereopsis. They suggest that rivalry and
stereopsis are mediated by separate, parallel mechanisms, one
essentially monocular and the other bm@u. They further postulate
that, in order to accomplish mondcular suppression, it would be
economical to locate the resz;onsible mechanism at an early processing
stage, prior to a point of inextricable combination. If this were the
chse, it would explain why "the suppressed eye seems to suffer a general
reduction in sensitivity to all visual information while its dominating
partner enjoys access to higher visual centers" (Blake et al., 1980, p.
230). }

An equivalent anfount of evidence exists to sﬁpport the contention
that the und;erlying process of binocular "single vision" is a summation

of input from the two eyes. A great deal of data has been accumulated

~ to identify the visual tasks which evcke a summation process. Harwerth,

Smith and Levi (1980) found from their review of the literature that.
binocular é}tmst thresholds for simusoidal gratings are reported to be

generally lower than the monocular thresholds. Data obtained by
Schpeisser and Dawson (1982), who used simple gratings to study visual
‘evoked potentials, showed s small, though not statistically significant
‘binocular versus monocular enhancement. However, there have been
studies dealing with stereo-blind humans which showed that binocular
summation was absent for threshbla stimuli (lem;. & Blake, 1977).
Amblyopes, who do nothhave‘ any appreciable stereoacuity, a:re also

incapable of demonstrating binocular summation at both threshold and




-

suprathreshold levels. By using reaction time performance in a contrast
detection task, Harwerth et al. (1980) were able to show binocula.r‘
summation in normally sighted subjects for contrast levels‘near
thrgshold. They obtained considerable variation in performance with
cdntrast levels above threshold.

Blake and his colleagtlxes have also examined the process of binocular
summation and have acknowledged that, on a multitude of visual tasks.
that involve threshold measures, individuals benefit from using both
eyes simultaneausly rather than by relying on monocular input (Bla.ke' &
Rush, 1980; Blake, Martens, & DiGianfilippo, 1980; Blake, Martens,
Garrett, & Westendorf, 1980). Using measures of reaction time, these
researchers have noted that the'improvement of binocular performance is
on the order of five per cent, compared to monocular performance. Thus,
they find that, for normal observers, binocular reaction times are
cbnsistent ly faster than monocular ones and, furthermofe, they state
that the superiority of the two eyes over one exceed that pi‘edicted by
prgbability summation (Lema & Blake, 1977). These authors also acknow-
ledge that this pattern breaks down in amblyopes and stereoblind
individuals either showing equivalence of monocular and binocular
performance or, in some cases, poorer bifnocular performance. They
conclpde that binocular summatic;n mugt reflect neural interaction
between the eyes.

These experimental results naturally lead to speculation about the
effects of ‘other visual patboldgies on "cyclopean vision." Determining

- whether sunmation capacity is completely eliminated in the presence of a

imilateral impairment, for instance, would enhance the knowledge we have
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about binocular vision. Similarly, ‘the demonstration of a strong

suppression mechanisms may also allow for this type of progress.

Visual Pathology

Few experimental studies have examined the effects of unilateral or
asymmetrical visual pathology on the binocular procésses. In 1966,
Goldstein, Clahane and Sanfilippo alluded to the ample evidence which
suggests that the beripheral visual fields signiffcantly affect the
binocular relationship. Tl?,_ey also suggested, on the basis of past

research, that peripheral stimuli could disrupt central fusion and

supported their argument by demonstrating such disrﬁbtion in patients‘

with retinitis pigmentosa, which is usually characterized by extensive
loss of peripheral vision. Another interesting study has demonstrated
"binocular cooperation' after traumatic bi-temporal hemianopsia (Fisher,

Jampolsky, & Flom, 1968). The presence'of this visual‘probl‘em with

macular splitting and the loss of function of the decussating optic

nerve fibers in the chiasm, causes each occipital cortical area to '

receive information from only the ipsilateral corresponding retinal
area. This situation makes it impossible for a single spatinl object to
be perceived binocularly in a single visual direction. The results of
the study showed that these patients pould still achieve binocular
single vision while being unable to appreciate stereopsis.

The exiéting problem in the clinical literature pertains to the
almost exclusive concentration on symmetrical binocular impairment.
¥hile the present study examines asymmetrical visual pathology in its

relation to binocular vision, much of the clinical literature /13 rele-
X
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vant to its ratiomale.

Amblyopia By clinical definition, amblyopia is a condition in
which there is a unilateral or bilateral deci'ease in visual acuity
caused by abnormal binocular interactiom which cannot be fully a;tj:ri-
buted to organic ocular sbuormalities (Levi & Harwerth, 1980; Kaufman,
1974; Newell, 1978; Schapero, 1971).‘ A caunsiderable aMt of evidence
exists to demonstrate that, in addition to reducing visual acuity,
amblyopia reduces contrast sensitivity, light flicker, and stereopsis .
(Manny & Levi, 1982a, b; Newell, 1978; Wesson & Loop, f§82). Recent
studies have also employed the visual evoked response (VER) technique to
study binocular vision which has been impaired by amblyopia

(Lennerstrand, 1978; Wagner & Nilsson, 1978). It has been demonstrated

. in these experiments that the response of the dominant eye is the

same under both monocular and binocular viewing conditions, which shows
the lack of binocular interaction in stereoblind amblyopes.

levi and Harwerth (1980) have reviewed numerous studies which have
démonstrated that dark adaptation and scotopic as well as photopic
luminosity in persons with strabismic amblyopia are similar in the
amblyopic and non-amblyopic eye. They conclude, on the basis of this
evidence, that the visual receptors rutiction normally in the amblyopic
eye, and l?orac (1974) states that "...there is a great deal of evidence
to support the view that the pr*ma.ry site of physiological involvement
in‘amblyopia ex anopsia is at the central levels of the visual system"
(p. 45). ‘

Since amblyopia is predominantly a childhood disorder, much research
has been devoted to measuring its deveiofnent and determining critical

.




20

periods during which permanent impairment could be prevented (Schapero,'
1971). The time course for the development of amblyopia has also been

examined in infant monkeys that have experimentally induced strabismus

‘(Boothe; 1980) or have had one eye chronically defocused by daily

administration of a cycloplegic drug (Boothe, Kiorpes, & Hendrickson,

1982). The results demonétrate that acuity develops normally for .

approximately four weeks aftef' the onset of esotropia, with a disruption
of the normal pattern after that period. This supports the existence of
critical time periods during which corrective surgery or training inter—
vention could prevent permanent damage to the binocular mechanism. In
the monkeys with induced anisometropia, decreased acuity remained stable
for at least four months after the termination of treatment. H;Jwever,
no long-term results are available to determine whethér the effects are
permanent.

Recent studies have turned to more refined measures of visual
functioning than the traditional Snell;an techniques. For instance,
Lennerstrand and Lundh (1980), among others, have discovered that
conti‘ast sensitivity is not oaly a good measure of ﬁsual capacity but
is also capable of improvement even when no change is seen in standard
visual acuity. In another study, dealing with adult amblyopes, Levi and
Harwerth (1980) have demonstrated that amblyopic eyes show reduced
contrast sensitivity over maﬁy spatial frequencies and stimulus
durations. These authors also showed that the temporal integratign time
for high spatial frequencies is greatly increased in the amblyopic eye
to.almost twice the length of the nom-amblyopic eye and, at all spatial’
frequencies, flicker detection sensitivity is reduced in the amblyopic
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The interest in alterhative assessment techniqués for amblyopic
visual functioning has led to some interesting .findings. - Freeman and
'Bradley (1980) used a two-altem#;live forced-choice method to show that
functionally mwﬁar 1nd’1v1dua;s.have significantly hi_gher vern'iér
acuities than those demonstrated by normslly bimocular individuals who
are tested monocularly. The authors speculate that a form of neural
recruitﬁzent may occur in ambly/bpes due to the disuse of one eye.
Furthermore, Henson and Williams (1980) found tﬁat half of their
strab?.sm;lc subje’cts showed binocular depth thresholds which were
significantly better,K than their momocular thresholds, when tested with
the Howard—Dolmﬁ apparatus. '

Colour vision i:a.s been studied in amblyopic subjects in order to

assess the,sensitivities of the cone mechanisms. Hansen (18978) used

colour plates, the Farnsworth D-15 test, and static perimetry during

chromatic adaptation to evaluate colour vision in both strabismic and
anisometropic amblyopes. The results indicated a generalized depression
of sensitivity in amblyopia. However, normal colour vision was found
when ;unblyopes were tested binocularly.

In relation to thé present study, research concerning amblyopia
provides a good basis for inference about the underlying mechanisms of
adaptation to asymmetridai}y distorted vision. For msta?ce, there has
Been much speculation concerning the role of the photoreceptors in this
disorder. Bedell (1980) has conclided that "anamolous retinal receptor

orientation apparently does not contribute to decreased amblyopic eyé '

visual acuities. Within these amblyopic eyes, one must apparently look
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to 2 more proximal gite or sites within the visual system for the seat
of the amblyopic visual loss" (p. 58). It may be the case that testing
the levels of monoculai' and binocular visual functioning in the face of
othér major asymmetrical disorders will produce evidence concerning the

locus of the underlying mechanisms.

Cataract A cataract is defined as any opecity in the crystalline ’

lens (Newell, 1978; Vaughan & Asbury, 1977). The main symptom of
cataract formation is’ra gradual decrease of vision that is not
concurrent with pain or e;re inflammatjon. |

Research in this area has been devoted to medical problems such as
the documentation of caqses,' the surgery involved in cataract
extraction, and the post-surgical care of the patient. Perceptual
studies have centered on patients' reactions to visual restoration after
cataract surgery (von Senden, 1932; Tanner, 1971; Valvo, 1971). Only
recently have investigators stafté‘d to examine visual functioning before
cataract removal. For example, a recent report examined patients'
preoperative use of vision and enga‘gement in visually guided activities
in. order to predict the postoperative visual performance and spontane—
ously expressed satisfaction with their surgery (Murphy & Donderi,
1980). 1In addition to the finding that preoperative activity levels
were positively correlated with post-operative success l:-a:tings, fhese
researchers ‘found that adaptation to the differential image magnifica-
tion after surgery was not uniform acfoss théir samiwle. In another
examination of adaptation to spectacles by monocular aphakics, it was’
found that at first all individusls are extremely conscious of diplopia

but some are successful in adaptating to 1t after extensive training

.
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(I.gbkin & Linksz, 1977). However, this has been the extent of attention
devoted to asymmetricall_y impaired binocularity.

Another ;.rea of interest has developed around the need for a better
indicator of visual function than the standagd acuity measures.‘ As 1in
studies of amblyopia, researchers have turned to measures of contrast
sensitivity with cataract patients (Hess & Woo, 1978). They have found
that although cataracts decrease the contrast sensitivity function, in
comparison to a healthy eye, just as they d‘ecrea,se standard acuity
measures, the examination of contrast sensitivity pro;rdies a better
index of remaining functional vision. This psychophysical technique has
also been employed in the evaluation of vision in infants with congeni-
tal cataracts (Jacobson, Mohindra, & Held, 1981). By use of the "pref-
erential looking technique" (Dobson & Teller, 1978), which is based on
the discovery that infants prefer patterned to unpatterned wisual stimu-
1i, aculity can be assessed at a much younger a.ge tha.n would otherwise be
possible To date, few studies have been undertaken to examine the
effects of a unilateral 'catara.g:t or of asymmetrically dense cataract
formation on binocular vision. éince this ocular disorder is one of the
most important peripheral impediments to vision, it allows for a compar-
ison with amblyopic suppression which mr;y have concluded to be a cen-
trally mediated process. It is also a process which does not necessar-
ily involye damage to higher visual centers and thus mekes it possible
to examiz;a“the effects of optical transmission difficulties without the

added complication of neural damage in the visual system,

Retinal Disease The potential disorders of the retina are mmerous

both in their effects on visual function and in their etiology.
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Additionally, macular changes are a prevalent cause 'of visual impairment
among the elderly (Blondin & Kenya, 1981; Delanee & Oates, 1982;
Sperduto & Seigel, 1980). The retina has no pain nérve fi,berso, so the
main symptoxg of a retinalrabnormality is painless visual disw
(Newell, 1978; Vaughn & Asbury, 1977). The classical r;esearch in both
clinical and basic vision research has centered around;gpe five main
techniques that measure the function of the sensory retina. These
include visual acuity, dark adaptation, colour vision, central and
peripheral visual fields, and, more recently, electroretinography.

In the past decadq, much work has been devoted to delineating the
capacity ot the peripheral retina to process different types of visual
information (Phelps Remijan, & Blondeau, 1981). By examining both
clinical and experimentally induced cases of central visual loss,
researchers have considered modifications of standard measures so that
the acuity of the peripheral retina can be determined more accurafely
(Anstis, 1974; Millodot & Lamont, 1974). They have mrlso tested
peripheral vision under tachistoscopic conditions (Pailhous, Chesnais, &
Leplat, 1975) as well as in stabilized-image situations (Gerrits, 1978).
Functional vision has been evaluated by exgmining the potential of
reading without foveal stimulation (Rayner & Bertera, 1979). These
studies have provided much useful information regarding the capacity of
the peripheral retina to discriminate form in psychophy;ical tests as
well as in reading.

Once more, as with other visual disorders, fb re has been a
recognition of the need for accurate assessment techmiques‘directed not

6n1y at the quantity of remaining vision but also at itg quality
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(Skalka, 19@0). Visual evoked response acuity and contrast sensitivity
have become the measures of choice since they are sensitive to changes

in retinal function which are not detected by Snellen techniques

(Marmor, 1981; Sjostrand, 1979). Both visual evoked potentials and

contrast thresholds have been shown tb be high¢r in diabetic patients
than in normals (Ghafour, Foulds, Allan, & McClure, 1982; Yamazaki,
Adachi-Usami, & Chiba, 1982). Interestingly, even those diabetics

without retinopathy show increased spatial thresholds at high

. frequencies, This finding has led Ghafour and his coworkers to suggest

that the functional deficits associated with these frequencies may
pteced? ophthalmoscopically visible retinopathy or decreased Snellen
acuities,

Visual impairment caused by retinitis pigmentosa has also been
evaluated u‘sing contrast sensitivity tests (Hyvarinen, Fovamo, laurinen,
& Paltomaa, 1981; Lindberg, Fishman, Anderson, & Vasquez, 1981),
Patients with moderate and severe fori;ns of this disorder show contrast
serisii:ivity changes in their central vision even though their Snellen
acuit;ies are normal or near normal. Skalka (’1980) states that the
contrast sensitivity task is superior to other measures as an early
indicator of macula‘r dysfunction, and it has also been used successfully
to monitor reco§ery of macular function after surgery for retinal
detachment (Anderson & Sjostr;and, 21981).“ Furthermore, the recent use of
lasew-generated sinusoidal gratings has allowed investigators to
separate contrast sensitivity losses due to optical factors or

refractive error from those caused by retinal diseases such as central

serous retinopathy and branch vein occlusion (Kayazawi, Yamamoto, &
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CO10ur discrimination has also been assessed in patients suffering
from diabetic tetinopathy (Kinnear, Aspinall, & Lakowski, 1972;
Vassilibu, Simonetos, & Kastrantas, 1976; Zwas, Weiss, & McKinnofi, 1980)

and senile macular degeneration (Bowman, 1980). These investigators'?)

have concluded that, in some retinal diseases, alterations 'in colour
vision may precede changes in visual acuity and they have emphasized the
importance of reliable measures of colour vision in patients with

)
H

retinal problems. “ ,

‘The topic of unilateral or asymmetrical retinal disorders has been
rec;ently addressed by Yanko ( 1‘980). ' 'mel inveétigation focused on a case
study of diabetic retinopathy and the author concluded" that clinical
observations of asymmetric ret;Lnal involvement miaht be valuable in
ascertaining the possible causal associations and the pathogenesis of
diabetic retinopathy. However, in most .stuaies,when monocqlar and
binocﬁlar performances were compared, the tetim:tl pathology has been

symmetrical. Therefore, the similarity of monocular and binocular

results obtained by diabetics on the Farhsworth-uu?sell 100 Hue Test

(Lakowski, Aspinall, & Kinnear, 1972/73) leads one to question whether -

asymmetrical pathology wouldLéause a significarit change in binocuiar
performance. Theoretically this type of obseryatioh might provide a
clue concerning the perceptual process which deals wiJ'th unequal retinal

stimulation caused by a disease process rather thaig a difference in

" external stimulation to the two eyes.

Pae

The examination of asymmetrical retinal disease without the further

complications of media opacities, optic netﬁre damage, or _central
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dysfunctions may demonsttacte whether the retinal receptors are involved
1thhe activation of summation, suppression or ‘averaging. Furthermore,

" since the visual tasks to be examined allow different processing levels

to become activated, the distinction of visual abilities may be

contingent on the physiological state of the retina.

Optic Neuritis Newell (1978) states that "inasmuch as the pptic
nerve is‘composed of a);:ons of the ganglion cell layer that'jform the
nerve fiber layer of the retina, optic nerve disease may cause m;ny of
the same symptoms as retinal disease" (p. 321). It fol:.lows, then, -that

the main symptom is loss of vision with pain occuring only in retrobul-

“bar neuritis which ocours far enough behind the optie:disk so that no
‘ eafly changes are visible by means of the ophthalmoscope (Vaughan &

- Asbury, 1977). Since the central retina provides ‘approximately ninety

percént of the fibers of the optic nerve, central scotomas are the most

common visual fiei%fect. Optic neuritis is a general term which may
( include infl_ammat‘i i degeneration, or demyelination of the optic nérve, ‘

and numerous causes of optic neuritis have been discovered (Newell,
1978; Thiel, 1963; Vaughan & Asbury, 1977). -
Since optic neuritis is often associated with demyel inating and

inﬂammatoiy diseases, systemic infeétions, as well as nutritional amd

rl;etabolic disturbances, it is understandable that the majority of me-di-'

cal research has concentrated on the treatment of the underlying causes
of thg visual disorder. Optic neuritis, especially retrobulbar neur;-
tis, chgracteti’;ed by acute unilateral loss of vision with a tenden;:y
toward recovery, is a frequent initial symptom of multiple sclerosis

(Vaughan & Asbury, 1977). This fact has precipitated a nﬁmber of




. \ .
studies by researchers in visual perception who have attempted to find

diagnostic procedures which would detect the' early stages of multiple

_sclerosis.

Testing procedures which have been used for early detection of
optic nerve ‘disorders and monitoring subtle visual changes have included
visual fields assessed with a tangent screen iPatterson & Heron, 1980)
interferometric acuity tests (Campos, Enoch, Fltzgerald, & Benedetto,
1980) and Pulfrich's pendulum (Rushton, '1975). Additionally, Regan and
his r.;oworkers héve found that, following acute retrobulbar neuritis, a
patient displays an abnormal dowle flash threshold (Galvin, Regan, &
Heron, 19f6; Regan, 1980). " They com;luded that this measure is a more
sensitive indication of visual damage in this type of disease t'han
starid;rd clinical tests such as the critical flicker fusion freque;;cyr
Multi-flash campimétry is an extension of the double-flagh technique and

has also been successfully used to identify poor temporal resolution in

~ multiple sclerosis patients (Brussell et al.. 1981/82).

Yet again, contrast sensitivity has been shown to be a more

indicative reflection of visual loss in optic neuritis when compared to

conventional clinical tests (lhgan, Raymond, "Ginsburg, & Murray, 1981;

Regan, Silver, & Murray, 1977; Regan, Whitlock, Murray, & Beverley,

1980) and its use has helped to substantiate symptoms reported by '
‘patients which do not correlate with conventional test results (Woo &

- Long, 1979§. The importance of using sensitive’'measures is clear in’

this diagrxostic category wheré early detection ‘of adisease entity is

valuable. Oonfirmation of the contrast sensitivity findings has been

prov/ided by Zimmern, Campbell and Wilkinson (1979). These studies
}
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reaffirm the aforementioned belief that the quelity of visual input,
which can be substantiated by p\hychophysical tests, is as important as
the limited quantitati;re measure that one obtains by traditional
objective tests.. Among other tests, the critical flicker fusion
frequency has been assessed in patients with demyelinating disease and
has shown gross abnormalities (Daley, Swank, & Ellison, 1979), as has
colour vision which decreases with greater residual optic nerve damage
(Griffin &‘ Wray, 1978).

Given the accumulated knowledge cc;noerning diseases of the optic
nerve, it is reasonable to assume that binocular vision is affected by
unilateral ocular"'invoivement. This is especially thé case when one

conéiders the detrimental effects on binocular depf:h perception with

asymmetrical optic nerve damage (Ox;erbury & Bross, 1978). The use 6f

suppression, summation, or averaging during binocular viewing may be
contingent on the locus of impairment. If one \assumes that optic perve
disorders damage the binocular mechanism, the process may differ from

the one used when the visual information is deéerd by ocular media

[N

opacity.

Present Study

'I:his study investigated three major j.ssues, the first two being
theoretically oriented and the third addr%‘“psing the applicabi lity: of
perceptual theories in the clinical setti;g. ,The first tgeorej:ical
questic;n concerned the choice of adaptive process to deal with asym—
metrical visual input. Secondly, an attempt was made to identify the
loéus of visual pathology which initiates fhe apprc;priate adaptive
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process. The final issue dealt with the formulation of clinical recom-
mendations concerning monocular and binocular.v:l'sual functioning.
- The primary intention was ‘to determine the underlying process of
binocular vision in an asymmetrically impaired system. Much evidence
has accrued for both the fusion and suppression theories as well as
other versions of these two basic formulations. Much of the fusion
theory is based on studies of stereoscopic depth perception, but it is
also supported by claims that the eyes have complementary shares in the
production of binocular brightness if the contours of monocular patterns
are cpngruent (Levelt, 1966) and t;;__evidence which indicates that
stereoblind individuals show some capacity for binbcular summation al-
though this is only demonstrable with high spatial freguencies (Lema &
Blaké, 1977).

Alternatively, Porac (1974) argues that fusion theories continue to
survive because they have maintained that stereopsis depends upon the

flision of two monocular images and "...argue that if binocuiar

'~ combination is the result of a suppressive process of any great

magnitude, there would be gregt losses in the amount of depth
mf;>rmtion available to the binocular system" (p. 17). FPorac believes
that degraded.visual input forces the binocular ‘perc'eptual systen to
choose the fastest physiological ‘chainel which has the best ability to
quickly resolve the patterned properties of the incoming stimula-,tion.
Although Porac's support for the suppression theory is based largelyﬁgn

amblyopic perception, previous research had shown the existence of

suppressive mechanisms in normal visual systems, particulaa.rly when the .

perceiver is confronted with complex stimuli (Fox & McIntyre, 1867) or

.3,
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' when nom—corresponding contours are presented to the two eyes (Levelt,

1966). Here too, it would be instructive to demongtrate whether
suppression is evident with differentially located visual pathology.
"This would provide a great deal of informetion concerning the flexibil-
ity of the visual system in an abnormal situation.

Secondly, this study compared mohocular and binocular vision in
pb.tients with four major categories of visual impairment in order to
determine if the system reacts identically to all perceptually
detrimental conditions or if it maintains a degree of flexibility in its
adaptivé capacit&. The first category involved media opacity which
substantially degrades the quality of visual input purely 'in the pptical
transmission. This impairment often lgaves intact the retinal, post-
retinal, and central mecha)nisms involved in visual information
processing. 'If an adaptive prbcess is elicited by this type of

disorder’, it will demonstrate that neural involvement is not necessary

to disrupt the normal functioning of the binocular system. The second
category concerned the effects caused by re.tinal damage when there are

no media opacities nor any post-retinal complications. Thirdly, the
transmission inefficiency caused by optic nerve disease was assessed
without the further interference of optical, retins;.l, or cortical
involvement. Mlly, amblyopia was reassessed in order to provide a
comparison between visual impairment with demonstrable ocular
a.hxomlitfés and those assumed to be centrally medﬁtted

The final issu\a addressed in this study 1x;volved the clinical
preacription of lenses or oocludeﬁ for the weaker eye in asymmetrical

wisual disorders. Since patients often complain about interference if

&
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their weaker kye has a clear lens in front of it, practitiocmers resort

to suggesting that either a frosted lemns or an opaque occluder should be

used to cover the weak eye. These two conditions ultimately produce

either a monocular Ganzfeld or total visual deprivation for the affected

eye. Many experimental studies, such as those reviewed by Harper and
Bross (1978), have shown differential effects of these two types of
mohocular occlusion. For instance, with opaque occlusion over ome eye
one observes a depression-enhancement phenbmenon, where the temporal
aculity of the non-occluded eye is decreased after sgye%“al hours but then
increases with prolonged deprivation. It is also}notable that lack of
patteming gchiéved by a monocular Ganzfeld does ﬁot produce this

effect. Further investigation dealing with the four categories of

"visual impairment outliqed'in this study may provide a basis for

clinical applications of these ex‘perimential“res‘ults.

| Specifically, if the patients' c;mpl;ints indicate & lack of fusion
or‘ suppression and accurately refleé:t serious diplopia, one must
consider whether blocking the visual input with a frosted spectacle lens
is adequate. In such circumstances, it may be neéessary to induce total
suppression of the weaker eye by the use \Nof an gpaque occluder. On the
other hand, 1f the binocular system"}ts& capable of adapting, albeit
slowly, to asymmetrical input, one might be interfering with an adequate
natural process bf using anything but a cleLr lens'in front of the
weaker eye. It was necessary, th?nef;re, to examine monocular as well
as binocular performance on the tests of interest.

In order to address the issues that have been outlined, this

study is divided into six E:Zeexpenments. These assessed standard
J .
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visual acuity, contrast sensitivity, temporal acuity, colour vision,
stereopsis, and geading perfofmance. The visually impaired subjects
belonged to one of the four dig;gnpstic categories: cataract, retinal

disorders, optic nerve disease, or amblyopia. These individuals'

performances were compered to those of normally sighted persons. Thus,

in each experimé;it, there are five categories of visual status,
including the formally sighted group. Moreover, each individuai
performed each task monocularly and binocularly.

Based on past research concerning amblyopic suppression and on
clinical reports from patients with asymmetrical visual disorde'rs*', it
was hypothegized that the visually impaired subjects in each diagnostic
category woulEelshibit significantly impaired performance under the
binocular viewing conditions as opposed to ‘i:he monocular .cgnditions
using the stronger éye. It was also expected that experimentally in-

1)
duced suppression by complete occlusion of the weaker eye would aid

subjects with asymmetrical impairment in their task performance, and

that the extént of impairment would vary in the four diagnostic
categories depending on the visual task.
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Experiment 1
The first experiment determined the extent of visual loss present
in each subject through the use of Snellen tests for both distance and
near acuity. The measure is considered important in the present coantext
since it is the one most frequently used by practitioners,
notwithstanding the degree of crit;Lc'ism it has received in the scienti-

fic literature. Additionally, these measures will continue to be used
in order to evaluate gppreciation of fine detail (Leibowitz, Post, &

Ginsburg, 1980) and must be studied in terms of fusion and suppression

capabilities.

Method ,‘

Subjects Twenty-five subjects participated in this study, with
five individuals in each of five diagnostic groups. These consisted of

normally sighted individuals, amblyopes, those with unilateral or

asymmetrical cataracts, maculopathy, or optic neuritis.! The mean age -

across groups was 39, with a range of 18 to 80. The normal subjects and
one amblyope were students at Concordia University; all of the other
partiéipants were private patients of ophthalm9logists at the Royal
Victoria and the Montreal Gea;eral Hospital. Wiath the exception of the
normal group, all participants had asymmetrical visual disorders with
neither eye having a Snellen acuity lower than 20/200 (6/60). In every
test, the participants wore standard corrective lenses if they bad
significant refractive error. No;ae of the participants used low vision
aids in any of the experiments. L
Apparatus A standard projected Snellen chart was used to assess

stitic distance acuities. Near-distance acuities were assessed using
0 Q ’
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standard reading cards which are also calibrated according to Snellen
notation.
Procedure 'The subjects were asked to read the chart monocularly,

with a black patch covering either the weaker or the stronger eye for

the first two conditions They also read the chart monocularly, with a
frosted lem;s in front of the weaker eye and a fourth reading with
binocular visiox‘;ﬁ. These four conditions were randomly ordered across
subjects, with tﬁ? exception of the weaker eye not being tested first.
The test was terminated when the subject identified fewer than 75 per—
cent of the optotypes on any line of the chart. The subject's score was
recorded in terms of the smallest visual angle which was discriminated
on at least 75 percent of the trials.

In order to assess the subject's near acuity, both word and number
charts were employed in order to minimize the probability of memoriza-
tion. Once more, the subject's score reflected the smallest lvable
visual angie with a 75 percent accuracy ﬁting. The two monocular
conditions and the binocular condition remained identical to the dis-
tance acuity testing procedures. In both the near and -distance testg,

the subjects were given no feedback concerning their responses.

Results

The measure of distance acuity recorded in this experiment was the
smallest visual angle in minutes resolved by the observer on 75% of the
trials. This angle was determined by the recii)rocnl of the Snellen
fraction. The means for each group in the :tcur viewing conditions are
gshown in Table 1. The data indicate that, for distance acuity, the four
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" DABLE 1

Group Means of Distance Acuity

'?";?—."":"
« .

Strong Eye ' " Strong Eye Weak Eye Binocular
Black Patch =~ Frosted Lens
Pnblyopi? 1.5 1.1 6.5 1.1
Cataract c 1.7 1.5 7.2 1.5
Optic Neuritis 1.3 1.2 2.3 1.1
Macul ar - —
Degeneration 2.4 7 3.5 10.0 3.5
Normals 9 .9 1.0 .8
Group Means of Near Acuity
Strong Eye Strong Eye ' Weak Eye  Binocular
Black Patch Frosted Lens
Bnblyopia “ _ A 2.9 4
Cataract .4 - 1.1 2.3 " .4
" Optic Neuritis\/ .4 5 .4 .4
Macular .
Degeneration .7 .9 3.5 I
Normals 4 .4 4 4
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viewing conditions produced scores in the optic neuritis group which
were not significantly different. A repea1.:ed measures analysis of
variance éhowed that there were significant differences in the
amblyopes, F(3,12) = 11.22, p< .01, those patients with c;atamcts,
F(3,12) = 10.51, p < .01, macular degeneration, F(3,12) = 15.03, p<01,
and in the noz:mals, F(3,12) = 5.78, P< .05. Tukey's post hoc analysis
revealed that the normal observers showed better acuity binocularly than
with their non-dominant eye only but all other pair"wi_se comparisons
showed no difference between viewing conditions. - In the other three
groups, the acuity of the weaker eye was always significantly lower than
that measured in any other viewing conditions. All other pair—yise
comparisons showed no significant differences. These findings suggest
that for a high contrast distance task the inpit from the weaker eye is
suppressed resulting in acuities equal to that of the stronger eye
whether a frosted lens covers the weaker eye or binocular viewing is
possible.

The results of the near acuity assessment show no difference being
due to the viewing éonditions in the cataract, optic neuritis, and
normal groups. Individuals with macular degeneration and amblyopia '
exhibited near acuities which were significantly different across the
four viewing conditions, F(3,12) = 4.87, p <.05; F(3,12) = 3.80,
p<.05. 1In both groups the near acuity of the weaker eye was
signiﬁcantly'lover than the other three acuity measures but there were
no other differences among conditions. The meens are shown in Table 1.

Once more, the implication that suppression of the weaker eye takes

place in binocular viewing for some pati populations is supported by
Y,
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the data. C ‘

Discussion

The significant differences found between the weaker eye's acuitiedl
and those resulting from the other vie;ving conditions are not
sqrprising.' The outcome which requires further examimition involves the
lack of acuity difference among the ot}'aer three conditions. The results
dembns;trate that distance acuity does not changg appreciably when tested
binocularly, with a frosted lens over the wesker eye, or with an opaque
occluder over the weaker eye. One can conclude that the input frgm a
weaker eye 'is suppressed regardless of the locus of patholﬂogy. It is

crucial to recall that Snellen qpfd_types are not comprehensive measur-

ing instruments of functiomnal visual acuity (Hess & Woo, 1979; Lenner—

‘strand & Lundh, 1980; Marmor, 1981; Regan et al., 1977) and, therefore,

these results should not be generalized beyond the specific tests used
in this experiment. ‘
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Experinent 2
As pointed out in the literatm:e re{riew; a8 current technique \tl;at_:
has gained 'a degree of clinical -acceptance.is that of cantrast
sensitivity evaluation (Derefeldt, Lennerstrand, & Lundh, 1979; Dobson &
Davison, 1980; Virsu & Rovano, ]?,9}9). It has been established as a
measure that is diéhrimimtive :anall the diagnostic categbries which
were emi@ herein and/ that; .furthermore, (’it may be a good measure of

binocular interaction. r

-
4 * . 3.

Method
Sub& ects The same 25 subjects ~particip».ted in this experiment.
M A PDP11/10 computerinterfaced with Wavete‘i‘f function
generators allowed sine wave grating patterns to be produced on 2 large
screen cathode ray tube (Hewlett Packard 1310A equipped with a P15

phosphor). The luminance of the display was measured with a Spectra

Spot Meter.
P}&edure e subJec:cs‘sat at a distance of one meter from the
CRT scieen and d a square field that subtended a. visual angle of 4

degrees. This distance was maintained by the use of a chin rest. The
- 1

room was-in darkness other than the stimulus. display with mean luminance

of 1.5 cd/inz. The sine wave grating pattern was obeerved against a dark

background. Testing was done with a natural pupil ancf all observers:

wore any corrective lenses that they normally used for distance.

A psychog_)hysical technique was utilized which required the observer
to press a key to indicate that the square field no longer appeared
homogeneous. Combinations of six spatial frequencies, ranging from 1 to

13
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13.45 cpd in 0.75 octave unit steps, and four ‘pemmﬁl trequmqies of 0,
2, 8, and 32 cycles per second were presented. For a given flicker
rate, the six spatial frequencies wére tested in random order. For each
spati‘al frequehcy, seven trials were presented, the first two of which
were considered practice. Interspersed randomly among these vére three
additional trials during which ::o grating was presented. This allowed
for. an assessment of false alarm rates. A given block of trfals ended
when a grating was either qetected or mislsed seven times. Each trial
was preceded by a warning tone and began with the presentation of a
subthreshold grating whose contrast increased in steps of 0.05 log
units. An increase in contrast occurred every 250 milliseconds or-after
two pcmplete flicker cycles whichever was longer.

Before a testring session began, a simple reaction time was assessed
for a 2.8-cycle per degree-(cpd) gmtin'g that was approximately 0.1 log
unit above threshold. During the testing trials the computer used tl;}s
reaction time in specifying the contrast of the grating that was
displayed at an estimated time of detection rather than at 'the time at
which the response key was pressed. Once more, no feedbeck wiis provided
to the subjects. : : .

.The test was repeatéd tthes/(ir{es: monocularly by each eye and

—

biaodularly. In both momocular conditions the non-viewing eye was

: covered by a black patch. The frosted lens was not used in this test.

The three viewing conditions were randomized, except that the wealler eye
was not tested first. '
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Besults

An emmination of the contrast sensitivity'data reveals interesting
difi'enenees between the groups. The normally sighted observers show no
djfmrences at any of the spatial frequencies between their dominant and
non-dominant eye nor between the monocular and binocular results. These
resulte are shown in Figure 1.

Figure 2, contains the results of the amblyopic group, where 2
repeated measures analysis of variance showed a statistically signiﬁ-.
cant_diIference at 8.00 cpd, F(Z,8) = 5.47, p<.05. Tukey's post hoc
analysis sﬁowed that this difference existed between the a.mblzopic eye
and the other two conditions. There is no difference between the non-

amblyopic eye's contrast sensitivity and that of the two eyes together

at any spatial trequency. One should note, however, that the amblyopic

.eye shows lowered sensitivity at low and middle frequencies.

e group with optic teuritis showed no significant differences
among the three viewing conditions. In Figure 3, onejnotes 8 tende;:cy
for binocular vieving to exhibit better contrast sensitivity when
companed to either eye alone, with the notable exception of the lowest
spatial frequency. Here ne sees no diﬂerence between the stronger eye,
and“é;e combination of the two eyes. The curve 91’ the wéaker eye's .
sensitivity is interesting in the lower spatial frequencies, where a
decrease is observed compue:l to the other viewing conditions.

‘Observers with asymmetrical or unilateral cataracts alse show 4
tendency for better binocular contrast sensitivity compareq to the

stronger eye although these differences do not attain statistical ‘signi-
. : ‘ 1

-ficance. The one exception exists at the lower spatial “frequencies.
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The contrast sensitivity of the weaker eye is significantly reduced at
all spatial frequencies, as may be seen in Figure 4.

Finally, in the macular degeneration group, there are no
étatistically' significant differences among the viewing conditions
across all spatial frequencies. There is a consis‘tent trend, however,
for the binocular contrast sensitivity to be lower compared to the
stronger eye. This tendency shown in Figure 5 is especially striking in
the lower spatial frequencies where the results in the binocular

condition are approximtely equal to those produced by the weak eye.

Discussion
The results of the amblyopic group support the findings of Levi and
Harwerth (1980) who demonstrated that amblyopic eyes show reduced: con-

trasf sensitivity over many spatial frequenciés. Additionally, th;a '

demonstrated decrement of sensitivity in low spatial frequencies for
iﬁdividualg with cataracts, macular degeneration, apd optic neuritis
substantiates a great number of previeus results which led to the accep-
tance of this test in assessing visual acuity. The optic neuritis group
did not showlas dramatic a loss in the lower frequencies as did the |,
other groups. However, it must be stressefi that these individuals
showed the least degree of asymmetry, with the lowest Snellen acuity in
a weak eye being 20/40 (6/12). One may speculate that the loss in the
low spatial frequencies is exacerbated when there is a greater degree of
impai.rment“ in the weaker eye.

Oo' dering the emall sampl%s and the lack of statistically signi-}

«

ficant dffferences between the results of the strong eye and binocular

viewing, l_y‘otentatlve conclds_ions may be drawn regarding the apparent
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use of summation or suppreésion in all but the macular degeneration -

groups. It seems that averaging is not occl{n'ring in any of the patholo-
gical groups with the possible exception of macular degeneration, but
this trend must be interpreted cautimxs]:,’g’;

If one assumes that averaging ;is' occuring in asymmetrical
maculopathy, the reason/;or this strategy requires some speculation. In
all the other groups examined in this study the retinmal receptors were
intact. Although viswl information is substantially degraded by opti-
cal aberrations, or slowly :transmitfed by pathological 6ptic nerves, or
not processéd at ;nore central levels of the system it still activitates
the retinal receptors. This is not the case in macular degeneration,
where large groups of retinal receptors no longer function normally. It
may well be i:ha.t the "patchy" firing from the retina may activate an
averaging process, whereas the other conditions may evdke summation or

e

suppression.
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Experiment 3
Temporal resolution has proven to be a very useful measure of

visual function. In this experiment, a new psychophysical technique
called multi-flash campimetry, developed by Brussell, White, Bross,

_"Mustillo, and Borenstein (1981/82), was used to map visual fields based

on temporal resolving power. Additionally, flickering sineA wave
gratings were used to asséss sensitivity to the temporal component of
the contrast se'nsitivity function described irv"ﬁ:periment 2, since it
has been previously determined that flickering a grating leads to
changes.in contrast sensitivity (Levi & Harwerth, 1977).

~ Method

¢

Subjects The same 25 subjects participated in this experiment.
Apparatus  Both the multi-flash and pontrast sensitivity tasks -
were implemented on a PDP11/10 computer interfaced with a large screen
cathode ray tube (Hewlett Packard 1310A equipped with a P15 phosphor).
The luminance of both displays was measured with a Spectra Spot Meter,
Procedure Multi-flash campimetry is an extemion of the double-
flash discrimination test. By presenting many,, rather than two, flashes

to a given retinal location and by inaenféig the\mount of time

separating the flashes, one.can more rapidly assess temporal resolution,

This technique tests 120 retinal locations per eye by using the display

‘shown in Pigure 6. Each of the six concentric circles consists of 20

points separated by 18 polar degrees. At aviewing distanceof 57 cm,
maintained by the use of a chin rest, each point subtends a visual angle
of about 5 min. The radius of the innermost circle subtended 0.625 deg

~
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of visual angle. The radius of any other circle was douwble that of the
previous one, such that the radius of the outermost circle subtended a
visual angle of 20 deg. Only one quadrant of fhe display was visible at |
a time and both the order of the quadrants and the tested pointd)within
a quadrant was random.

The luminance of a 1it area that contained all of the points place@
adjacent to one another was 1.5 cd/mz. In an otherwise dark room, each
observer first scanned an image that consisted of the superposition of
all four quadrants of the display. This established an initial state of ;
light adaptation in the tested eye. There was also a practice trial
which utilized a simplified display of only 12 points. The observer was

required to fixate a smald cross-shaped target in one corner of 't'h%

_screen and to press a key as soon as one of the 12 points appeared to

flicker. The task was identical in the test trials but there were 36
points on the screen at &:e time. The computer flickered each testing
point at a frequency of 5 Hz. Within each 200 msec cycle the amount of
time during which the point was turned off was increased in steps of 2.8
msec until the ob&rve; pressed the response key.

At the end of each session the computer printed the critical off

periods for each quadrant and for both eyes, and noted any points that

 were statistically deviant. S8pecifically, an off period was considered

deviant if it was more than seven standard errors laéer than the mean
for all points within its circle or more than 21 standard errors longer
than the mean for .all points within an eye. The statistically deviant
points were then immediately repeated in order to ascertain whether they
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reflected lapses in attention, momentary lc;ss of fixation, or whether

they corresponded to retinal regions whose temporal resolving power was

genuinely impaired. This test was only done monocularly to assess each

. eye's tenpbral resolving power.

The spatio-temporal sensitivities for each observer were detérmined
by the procedure described in Experimept 2. The only difference was in
the spatial and temporal frequency combinations. In this experiment,
spatial frequencies of 1.00, 2.83, 'andl 8.00 cpd were paired with each of

~seven temporal frequencies r,anging from 1 to 32 Hz (plus 0 Hz) in one

octave unit steps.

b
Results

The multi~flash campimetryprovided an assessment of temporal
resolution in 120 retinal points per eye, where the dependent measure is
the c:itical off period required for an observer to indicate that a
point appeared to flicker. The data are mapped in such a way that light

gray areas of the map reflect good temporal resolution and increasingly

dark areas show a decrement in temporal resolution acuity. These maps

substantiate the degree of asymmetry experienced by the participants in
this study. No response to any given point was noted if the off-period
was 200 msec and this would constitute the darkest area on the maps.
Figure 7 contains one map from each of the groups haying some form of
visual impairment and allows comparison of the four pathological
conditions examined in this study. Individual maps for eSch cbserver

are shown in hppendix A.
Amblyopic eyes and thomﬁ with cataracts geherally produce a dark
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centrai area i'ndicatingda loss of temporal resolution in the foveal and
parafoveal area, Macular degeneration and optic neuritis may shov; a
more scatt;.ered pattern of loss. Specifically, early retinopathy may
show small 'islands’ in the macular area which eventually grow to form a -
central scotoma. In patients with optic neuritis, on the other hand, a
scotoma appears only in_ acute stages of the disorder. 'Hov;ever, some <.
individuals retain &slands' of temporal resolution loss even 'in
remission stages, ‘ |

The data obtained in the spatid—temporal task allowéd for the
aséessment of binocular resolution. As in Experiment 2, only‘.one
spatial frequency is presented since it best reflects the observers' -
temporal sensitivity at different frequenciés. The 2.83 cpd gr&ting was
cbosén since it produced the léasth num of "no response” trials. For
the nomally sighted observers, there wefe no significant differences
between their monocular scores obtained with either eye and their bino— .
cular performance at any of the temporal frequencies, as shown in Figure
8. It is notable that binocular sensitivity is higher when the temporal ‘
component is introduced. The observe;n with amblyopia and cataracts
- phowed no difference between their binocular scores and those produced -
by thé stronger eye. However, the weaker eye agways showed a lower
performance, Figures 9 and 10 contain the resul{ts‘ for the .amblyopic and
cataract groups, respect ively. ‘ . \‘«. .

In the optic neuritis group several points are to be noted, :First,

e 18 no significant difference among the ‘three conditions ‘when the
grati.rg was not flickered. As soon as the temporal canponent is intro- -
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duced, however, the weaker eye's sensitivity differs significantly at-
2 ‘ least from the binocular condition, as shown in Figure 11. A repeated
’ measures analysis of variance shows that a statistically significant

difference occurs when the grating is ﬁlickered at 8 Hz F(2,8) = 7.22,

a

' px .05. Additionally, binocular sensitivity was greater at all temporal
frequencies even though this difference wasynot statistically signifi-

)
. cant. ‘

Figure 12 shows the results of the macular degeneration group.

Although there are no statistically significant differences among any of
L " the viewing conditions at any of the temporal frequencies, the trends in
_ the data are interesting. As in the previous experiment, this is the

f - only group that shows consietently"higher scores. when' viewing the test
stirnulus with the strong eye alone. Also, the weaker eye shows higher

‘seneitivity at 4, 8, and 16 cycies per degree, whic¢h dida not occur in
any other group. The other temporal fi:eqnencies produce scores that

o
- AN

C/ ‘ parallel the performance of the other groups with visual pathology.
N SERY C T,

) " Discussion - »

R

' . 6ivity to temporally glodulated stimuli The results of this experiment
support these earlier findings of Manny and Levi (1982).' Mditionally,
, the expected equality of performance between the non-amblyopic éye.and
. binocular viewing was obtained. aStudies of temporal resolution in
peraons with catdracts and Jnaei.ﬂar degeneratim are lees oommon ‘and the
v differences obtained here between these groups requires further investi-
q‘ gatla'IB.

/

Previous research has indicated that amblyopes show reduced sensi- -
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As was the case in the previous experiment the group with cataracts

showed little difference between the sensitivity of their strong eye

alone and their binocular sensitivity. If anything,” there was a

tendency for these individuals to show slightly better b‘vinocular ‘

performance, It seems that when the visual input is degraded by media
opacity a healthy binocular mechanism might add the two messages. If,
on tl;e -;ther hand, the photox:eceptors degrade the information to the
binocular medmmign, one might observe an averaging phenomenon which
seems to occur in the case of macular degeneration.

- Finally, there is no shortage of evidence that optic nerve
disorders affect temporal resolution (Daley et al., 1979; Galvin et al.,
1976; Regan, 1980). In this study, all participants with optic neuritis
were in remission and their Snellen acuities were not lower than 20/40
(6/12). Yet, a flickering grating was more difficult for them to detect
with their v;eaker eye. It is reasonable to assume that if damage .to

their optic nerves became more extensive the sensitivity curve produced

by their weaker eye would be even lower.




Experiment 4

This experiment tested for stereopsis in all four pathologiéal.
" conditions to assess the effect of the unequal input to the two eyes on

this task. Stereoac'éty is reflected by the smallest amount of
horizontal retinal image disparity that gives rise to a sensation of
relative depth-and is expressed in seconds of visual angle (Romano et
al., 1975). This assessment was made with the Titmus Stereotest and the

HBoward-Dolman apparatus.

' Method

»

Subjects The same 25 smjecté participated in this experiment.
Apparatus Sterecacuity was assessed by using the standard Titmus

Stereotest, (Titmus Optical Co., Inc.) using Polaroid Vectographs and™

glasses. Additionally, the Howard-Dolman depth perception apparatus was'
used since none of the participants in this study had any problems
dealihg with eye-hand coordination.

Procedure While wearing the polarized viewers which are necessary

for the Titmus Stereo test, the subject was asked to indicate which of
several objects on a Vectograph looked closer. The best stereocacuity
score possible on this test was 40 seconds of arc. The standard scoring
procedure entails contingation of the test from the largest angle to the
smallest until the subject no longer responds or until two successive

errors occur. In either case, the score is the angle of stereopsis

associated with the last te’st.stimulus which the subj_ect discriminates

{
correctly. No meaningful judgements/can be made monocularly with this

test and normal Titmus sterecacuity is 50 seconds of arc or better

]
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(Schmeisser & Dawson, 1982).

The Howard-Dolman apparatus 1§ constructed in such a way that the
observer can align two suspe“i:ded'mds,i/n the device by pulling either of
two strings attached to the rods. The viewlng distance was three meters

and the room was dark excei)t for the illuminated panel at the rear of

the apparatus. The observer, wearing corrective lemses for distance if

necessary, aligned the two rods so that they were Iférc'eived to be
equidistant from any chosen reference point, such as. the front oi"the
apparatus. At the outset of each trial the rods were separated by some
randomly chosen distance. Five trials were performed binoc;tﬂarly, five
with the stronger eye covered by a black patch, five with the weaker eye
covered by the opaque occluder, and five with the weaker eye covered
with a frosted lens. These viewing conditions were rax}domls; ordered’
except that the weaker eye was never tested first. The measure recorded

at the end of each trial was the displacement of the rods in

centimeters.

Results
There were great di‘terences among groups on the stereopsis

measures, s can be seen in Ta.blé 2 which shows the range of Titmus

‘ stereoacuities and in Table 3 which shows the average displacements of _

the rods in the Bonrd-Dolmn appo.ratus. Only the normals showed excel-

‘lent steréopsis of 40 or 50 seconds of arc with the Titmus Stereotest

and their binocular pertormnce on the Hovurd Dohlmn apparatus was

significantly better than in any of the monocular conditions, P(3.12) i\
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~— . : TABLE 2 |
Titmis Stereotest Scores
in Seconds of Arc

Amblyopia Cataracts *~ Optic Neuritis Macular Normal
. Degeneration
100 "800 400 , 800 40
200 00 50 800 40
60 800 - 100 " 800 40
800 200 40 ] 140 50
800 400 60 . 800 40

s
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TABLE 3

Mean Displacements of the

Howard-Dolman Test Rods

Strong Eye * Strong Eye ¥eek Eye Binocular
Black Patch Frosted Lens
Anblyopia 7.1 4.7 8.4 5.2
Cataract 3.8 4.6 5.1 5.7 «
Optic Neuritis 5.3 4.6 4.7 1.8
" Macular ] \
Degeneration o+ 5.1 5.4 9.3 3.6
Nomfal 3.1 3.3 2.8 _ .6

o™
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4.61, p<.05. Individuals winth optic neuritis varied on the Titmus
Stereotest from 40 to 400 seconds of arc but, like the normals, their
Howard Dolman performance was significantlly' better birnocular}y,
F(3,12) = 3.78, p< .05. Tukey's post hoc analyses were performed to
determine which performances were significantly different. |
Inqividuals with cataracts and amblyopia showed virtually no
stereopsis on either test. The depth judgements were not significantly
different across all four viewing conditions. The group that had macu-
lar degeneration also showed no stereopsis on the Titmus test. When
viewing the Howard-Dolman apparatus with the weaker eye, four out of
five people could not see the bars ax;d thexiefore made no adjustments.

The statistical analysis showed this to be a significantly worse perfor-

"mance, than in both of the other monocular condition?s as well as in

binocular viewing. There were no other statiéticglly significant

differnces in this group.

Discussion 4
The results of this experiment indicate that stereopsis can only be
achieved when the degree of‘ asymmetrical impairment is not extensi\;e.

Since the group with optic neuritis maintained better vision in their‘

weak eye than did the other visually impaired subjects, binocular depth '

perception was still pouible. Their binocular Judgements on the

Howard-Dolman apparatus are much less accurate, however, when comred

to nomally sighted sub.jects.
- In all the other groups, the obser:vers admitted that they were
guessing when trying to position the rods 1n the apparatus The va.ria-
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bility of their scores attested to this fact. Henson and Wiliiams

_ (1980) have reported that half of their strabismic subjects had signifi-
- cantly .Better binocular thresholds when tested with the HRoward-Dolman

apparatus. In this study, both strabismic and anisometropic amblyopes

were studied and none of the five subjedts had monocular scores which

were bettg than their binocular 6nes. The methodology of the two -
studies differed as weld, /and this difference may account for the dis-

. crepanC};'in the results since the individiuals tested by Henson and

Willaiams' were given a forced choice on every trial and their viewing

distance was dowble that uged in this experimeht. |

o
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 Experiment 5
Colour vision bas often been shown to be vulnerable to early onsets

6f visual pathology and was, therefore, considered to Ige a potentially

informative index for t‘his study. Pinckers (1982) has stressed the,
utility of colour vision tests for the differential diagnosis of retinal
and optic nervé disorders and Mainster and Dieckert (1980) reported that
colour brightness comparison- is a useful techgique for detecting
monocular or asymmetrical deficits in optic nerve or macular ftmctié)n.
Their.f:est consisted of presenting a brightly coloured object to each
eye and detei-mining whefher the object was perceix}ed to be of equal ‘
brightness. This is also a measure which allows one to evaluate the
quality.of the visual stimulus which has been shown to be of equal value

to quantitative measures. ’ ) v

. .
' ‘n . -

Method -

-

Subjects The same 25 subjec{ts participated in tilis experiment.
Apparatus  The American bpi:ic;él H-R-R Pseu;ﬁpisoch;-omatic Plates
(A0 B-B-R) as well as the Farmsworth-Munsell 100-hue test were used to
ascertain each partic;ipant's deér'ee oig colouxl' vision. Both tegts re-
quired the use of an Easel Lamp (1;a".cbeth Cprporationi.
. Procedure 'Pa.rticipa\.ntso who normally wore corrective lenses for

N ‘e &
near work were asked to wear them for this task. The plates of the AO

H-R-R test were presented to each ef#’aloge and to both eyes at the same

time.  The observer was told that three symbols would be used inithe
test: a circle, an X, and "a triangle, and on each plate the symbols

were named and pomi:ed out by the observer. The book of plates rested
- - ‘1 . .
on the rack of the Easel Lainp and the viewing distance was nqt con-
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trolled during testing due to;

The Farnsworth-Munsell 100—Bue X(FM-IO'O) wnich measures colour
"discrimination and colour confusion was also administered under two

monocular condit.ions using the black patch \es well as under the binocu-

lar- condition. The order of the viewing conditions was random, except

, tha,t the weaker eye was not testegi first. The irosted lens was not used
in this experiment The 100-Hue test consists of 85 coloured disks

which the observer mst arrange in the correct sequence of shedes. The

’ - test is divided into iour boxes with permanfnt'reference colours a‘t the .
ends of each box to indicate the beginning and end of the sequence The

\Score is based on the observer's deviatiOns from the correct order where

i_. a high error seore, reﬂects poor colour discrimination.

#

L.

Results ] . ,

'I'he H-R-R plates allow one to assess the type as we&laas the extent

r* colour defect. The resﬁts showed all the normals to have excellent ‘

®
colour vision Additponally, all but one amblyope, wbo had a mild red-

green defect, made no errors or omissions on this test.

The subJects who had cataracts coul;i not see any figures on the

- plates with the wea.ker eye hut the dominant eye had normal oolour vision
; and binocular performance was not impaired.» *In the optic neuritis

\
group, twb observers had normal colour vision and tl&r’ee showed a mild -

red-green impairment in the eye whith had suﬁered an acute attack in.

the past. This weakness was not 'seeg,’in the binocular conditiOn. N

/

. The most: gevere colour ‘de'fecis were 10 in the group with

" maculay degeneration; although ane observer with 20/70 (6/21) and 20/200

\
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wide range of participants' acuities..
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,(e/ep) Snéllen‘acuities sBhowed no color defept. The other :téur

1 IrVers, ver, ra.nged rom a mild red-green defect in the/z wea.lner
. / .
o ‘ éye to strong defects which affectgd b ular performance as well.

- Only one participant had extremely low colour discrimination which

I S .apﬁrop.ched monochromatism. . T b

i,

The results of the FM-100 test showed that'normals and individuals
{

A )
coloured caps momocularly or binocularly. Of course; the eyes with the

participant in this study did not; make an attempt to do the test with
his wean‘lgei' eye. ' The mean.error scorés, obtained on the FM-100 by each
N BN " ,

. groui are shown in Table 4. Individual results gre given in Appendix

°

-
P B.
_: R

a4

‘ ( 7.53, p < .0§, and in the macular degeneration group,'g(z,sw)l 11.32,
é<.01. ' In all cases, however, Tukey's bost hoc analysis qhoweﬁ that

these differences were causéd by the weaker &§é. There were no statis-

1nteresting to note that individuals with optic neuritis and macula.r

’ degeneration showed lower performa.nc‘e binocularly thnn with their

v

with cataracts have equal colour discrimination whethex: t:.hey view the
N . [

data prevent one from gonclqding thgt a'n' averaging process has bgen

“ moreu:advanced cataracts could not see the caps at all',“ but only.one -

group, F(2,8) = 549, p < .05, in thé optic neuritis group, F(2,8) =

!

v Statistically significant differences were found in the aniblyopig_.

. | ‘ tically significant differences between binocular colour discrimination

and monocular discriminatiom when using only the stronger eye. b It is -

oy

stronger eye. Again, the small sampl‘es agd'large variabili«ty in the

- M ” . » “ °
1o ‘ . utilized by the visual system. - o, - .
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o Mean Error Scores for the
. Farnsworth-Munsell 100:Hue Test
' - P
N ' <«
,,-/ Strong Eye. weak Eye
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Discussion

Although binocular performance is not impaired when tested with the
AO BAR-R plates, it has a tendency to be lowered in those individuals
with optic neuritis and macular degeneration. Ami:lyopes and persons'
with cataracts are able to suppress the input frofn the weaker eye bl;t
retinal and optic nerve disorders seem to disturb suppression. Since
the FM-100 is used' to assess a person's ability to d‘iscriminate colour
as well as to identify colour defectiveness,'error écores are obtained '

on this tes'g even when the H-R-R plates indicate normal colour vision.

It is easier, therejfore, to compare monocular and binocular performance .

by examining either the error scores or the patterns which are drawn on

the basis of those scores.

The observers with asymmetrical pathology did not produce any .,

typical bipolar patterns on the FM-100 which would indicate a specific

colour defect but, rather showed high error scores which reflect poor '

colour diserimination. The lower binocular performance in the optic

neuritis group is interesting .since this is the only oecasion where an
R

averaging of their monocular inputs may be occuring. . Those obeervers

.with macular degeneration show similar tx:'ends to those found in the

. spatio-temporal experiments.
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Experiment 6 . C

\ ' .
Finally, reading performance was assessed under all four viewing

conditions since this is a func;tional measure which is subjectively

important to visually impaired individuals and the task for which a
frosted lens is often recommended. %t was, therefore, considered
worthwhile to supplement the numerous psychophysical findings with those

measures which may be more frequently used in clinical settings.
! .
Method

\

Subjects The same 25 subjects participated in this experiment.

.Apmratus A reading text, extracted from Time Magazine, wa’s
prepared using large print ‘equivalent to 14—poipt print size which is
expressed as 2M print in Snellen notation. ’

Procedure The subjects wore standard correction for near vision,
if necéssary, and were allowed to hold the text at any distance. The

text was divided into four parts and the order Jff,%:he viewing condition

was randomized. Each participant was asked to read the text aloud at.

a comfortable speed. The reading was timed and ti;e number of errora'

were recorded. In determining the final score, the formula used to

assess typing skills was used in order to specify speed~error relation-

ship. This consisted of éumting the numhe\of words read in 60 seconds
and by subtracting from this the nutiber of errors multiplied by five.

The formula is based'gn the assqmption that an average word in a text

contains five letters. By this formula, & high score reflects a good

. . . )
performnce. . : .
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Results
The reading scores obtained in this experiment were derived from
the reéﬁing speed with a penalty for errofs. The reading scores are
Al

shown in\'\g\able 5. Excepi: the normal and the optic neuritis group, the

ll / . ‘ . . .

weaker eye produced a low performance and some subjects could not read -
! ¢

- at all with their weaker eye. The results in all other viewing condi-

tions were not significantly different; there was no binocular advantage

" or disadvantage,

Discussion ]

While it is difficult t.:o generalize from thé resul}:s obtained in
this experiment to clinical procedures,c it should be noted that the
wi thingroups differences were extensive, For example, two participants
in the macular degengration grt;up , with equivalent acuities, behjyed
very differently in the ‘reading test. One peérson could read binocularly

with only a strong bifocal correction but the'other could oniy read

monocularly w:lf.h a powerfui magnifier, while closing his-weaker eye. '/
A3ditionally, the older participants with asymmetrical pathology of m/

kind were more likely to complain about their binocular reading, qespiée

- the objective evidence. This may well reflect a change in the degree of

ada'ptability which may be ind_ependent'af the locus and extent of the
* \"\
pathology.
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| 4
TABLE 5
™ . Mean Reading Scores
o

; Strong Eye Strong Eye Weak Eye Binocular

, Black Patch  Frosted Lens |

|

} Amblyopia 96 76 4} 5 85

‘; Cataract » 80 88 0. 106
Optic Neuritis 94 95 84 -80
Macular i
Degeneratioh - 59 73 17 68

; Normal g9 65 93 82

| ) .

e .
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. General Diswssi:on

"Three major ‘issues were addressed in this study. The first dealt
with the identification of binocular processes that are activated ﬁy
asymmetrioal visual pathology. The second question was concerned with
the possible task-dependence of theée strategies. Finally, thé third
issue related to.the preacripti\on of lenses or occluders for individuals

with asymmetrical cataracts, optic n;uritis, or macular degeneration.
Of these, the third issue is the most straig&lttorwar;l: there was
never any differenc;i)etween task performances when the weak eye was
covered by a frosted lens and when it was covered by a black occluder.
Therefore, on the basis of these data, no statemént can be made

regarding the prescription‘ﬁ one or the other occluder and the
patient's preference may be the best guideline. .

The first two issues are more complex since there are both group'

and task differences which must be addressed. Primarily, it must be ”

emphasized tha:t Snellen optotypes, which are used to assess distance and
ear acuity, are limited in their utility. This point has been stressed
by other workers ’vho bhave studied visual impairment caused by amblyopia
(Lennerstrand & Lundh, 1980), cataracts (Hess & Woo; 1978), retin\sl
' diso;ders 9(Ilm-mor. 1981), and optic neuritis (Regan et al., 1977). Ia
. this study, the acuities of the stronger eye an;'l those obtained from
binocular viewing were equivalent in all four diagnostic groups. The
normally sighted individuals had sigonificantly higher binocular acui-
ties, in agreement with previous research results (Blake et al, I980)>

All individusls with asymmetrical pathology, regardless of its locus,

were able to suppress the input of the weaker eye during binocular ‘

)
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viewing. ' This indicates that high-contrast, single visml targets are

recognized equally well binocularly or with the stronger eye alone, md-

4
implies suppression. .

This is not the case when one examines ti:e results from the con—-

trast sensitivity test. Here, differences emerge which are dependent on

the locus of patholqu. Normally sighted individuals and amblyopes ’

produce virtually equal results binocularly and monocularly, using the
stronger eye. Individuals with cataracts and optic neuritis show
evidence for summation of the monocular inputs since-thelr binocular
sengitivity is higher’ regardless of spatial frequency. However, th;ase
witi macular geggnemtion demonstrate a decrement of sensitivitiy in the

binocular viewing condition. Averaging of the two inputs seems to be

occurring only when the retinal receptors are impaired. Perhaps an

explanatié»n of these results ligs in the extension of the "misuse—
4 notio; wvhich was discussed by Herman et al. (1980). A cataract
or bther media opacity can be responsible for "disuse” of the binocular
sm by decreasing the signal strength of the stimulus below some
cfitical level which may be required for efficient binocular processing.
fhe other hand, macular degeneration may crt;ate & potential "misuse"
of the bipocular system. The limited reactivity of the photoreceptors
1n the presence of this disorder may provide a very segmented, signal
which evokes an-averaging mechanism. ' It must be stressed that even
though these are compelling possibilities,- ome should exercise caution
in their generalization due to the small number of individuals examined

-

in this-study. -

. 8imi lar results were obtained when examining temporal resolution.
z, %, . .

\“\ . B
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Normally sighted individuals demoustrated higher binocular sensitivity

whenever the grating was flickered, which is in agreement with the data
- . :

of Blake and his coworkers. Amblyopes again showed suppression of the
weaker eye and their binocular sensitivity was essentially equal to or
slightly better than that of the dominant eye. In the groups with

asymmetrical cataracts, binocular and stronger-eye performance was vir-

. N
tually equal over all temp&hll frequencies. Individuals with optic.

peuritis again showed evidence of summafion since their binocular
performance was consistently higher than their monocular sensitiwvity.
Finally, avera;ging seemed to be occurring in those with macular
pathology. Theee results are strikinhly similar to those obtained with
Steady gratings at‘ various spatial frequencies. It seems that the
decrement in sensitivity during binocular viewing is independent of the

temporal component when macular (_legeneration is the cause of visual .

Al

i‘mpaiment.

One additional occasion where an averaging process occurs in other

than the macular degeneration group is in the colour discrimination
test. ’;n their performances on the FM-100, only one out of five
amblyopes did worse binocularly than with their dominant eye and
normally sighted 1ndilv1duals showed no differences across viewing condi-

‘ tioqs. However, three qut of five observers with cataracts, four out of

tive with optic neuritis, and all tive of .the macular degeneration groui)
showed poorer colour.discrimination binocularly than with the stromger

eye. \'nms, optical aber;'ations, a8 well as neural dsmge' at either the

retinal or the. optic nerve level mey elicit an averaging strateg& when

colour discrimination is required and the individual might be well

'
|
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advised to close the weaker eye when making these juigements.

The difference in the colour experiment regarding p.ossible‘
averaging of the two-inputs is difficult to explain. A possibility

suggests itself if one examines the tests used in this experiment in

light of foveal and peripheral vis:lpn. Every test in this study other

than colour discrimix;ation could be performed without excellent foveal

capacities, including the text reading, sin&e relatively large pri

8lze- was used. Colour discrimination, however, requires good fov

vision, and when this is interrupted by cataracts or when the foveal
information is not transmitted optimally due to an optic nerve dikorder,
the averaging alternative 1is observed. Averaging of colour
discrimination performance in the cataract group is not as dramatic as
it is in macular degeneration or optic:neuritis a;ad may be due to
statistical variability. One can épeculate that the' process in the
other two groups mey be affected by the opponent cells which are found
at retinal and post-rétinal levels (Cornsweet, 1976). The notable
exceptiopl occurs in amblyopes who use suppression of thé veaker eye
routinely. This may indicate that early asymmetrical impairment may
f.;low a by-pass of the averaging mechanism and f" constant reliance on
suppression, ' ‘ - 7

. The most surprising outcome occured in the reading experiment.
Based on clinical reports, it was expected that averaging of the
monocular inputs would take place in all but the amblyopic and normally
sighted groups. The data did not support this hypothesis since reading

performance was equivalent in all conditions across groups, the only

obvious exc‘eption being the perrofmance of the veaker}eye alone. Ome




" mechanism in these tasks are unimpaired by asymmetrical pathology.
1
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is led to the ' conclusion that in reading, which is a high—-contrast, high

_spatial frequency task, the weaker eye is suppressed. These results

parallel those of the first experiment which examined Snellen acuites
for distance and near vision. - 4 V‘
In stmmars;, the three binocular strategies of summation, suppres- .

sion and averaging seem to depend ‘mainly on the ‘locus of asymmetrical

~ visual pathology and secondly on the task. In spatial and temporal

regsolution, averaging occurs only in those visual systems which are
impaired by macular degemeration. In colour vision, all groups except
the amblyopes and nofmalls showed at least some evidence of averaging.
All other tasks seem fo‘evoke either binocular smnnf;ltion or suppression
of the weaker eye. In pray.ctical. terms, this indicates that binocular

. Cogan ()1982) examined binocularity but used a dichoptic viewing
condition. Hel stated that if the contours of two images, each presegted
to one eye, are grossly d'i:tferent, the eye which has a’contoﬁr-rich'
target is predominant and the other eye with the contour—poor target is
percepfually suppressed. Porac (1974) also proposed that where visual

input is of poor quality 1_:here is a reliance on the physiologically

" superior eye, and Levelt (1966) discyssed this phenomenon in view of the

contour mechanism u:i'the law of complementary shares. If it can be
assumed that asymmetry of. the two eyes provides fhis sort Ot contour-
rich/contdyr—poor situation, then all of the groups in this study should
bave showed suppression of the weaker eye. Yet, the group with macular
degeneration produced data which supported the averaging alternative in
spatial and temporal semsitivity tasks. Additionally, there was some .
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evidence of summation in the case of asymmetrical cataract and optic

" neuritis. 'me difference in methodology used by Cogan (1982) and that .

of the present study may explain this discrepancy or it may be that'
visual pa,thplogy, other than amblyqpia selectively impairs suppres-
s:gon. T O x "\

. The results of this §t1ﬂy also.support the claims of many investi-
gators regarding the utility of contrast sensitivity and temi)oral
resolution tests in comprehensive ;sseslﬂnent of visual function. These
tests, along with the FM-100 test of colour discrimination, were able to
differentiate between groups in terms of their nse of adaptive binocular
strategies. More traditional tests such as Snellen acuities and reading

performance did not yield the same amount of discrimination.

Longitudinal studies of all four disgnostic categories examined in this

study are necesmry‘ if the effects c;f asymmetrical pathology are to be

wnderstood. The adaptition of the visual sysfem over time may provide
further explanation of binocular processing.
In summary, ,,the results obtained in this étudy indicate that the

_visual system may react differently when required to resolve fine detail

in the environment than it does when othei' functions are assessed.

Specifically, the'strategies used during binocdlar viewing are not

mutually enclué_ive giyei the existence of visual pathology or the locys . .

of the impairmentf Thus, individuals. nlay use one or another
strategy. depending on the visual task at hand but might show & prefer-
ence depending on the cause of their visual asymmetry. 'Ihese i'indings

suggest ﬂnt the visual system maintains an apprecisble degree of runc- '

tional plasticity. even when-its physiological development is complete. :
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. Reference Note
As was mentioned prevmusly, the four categories of visual impair-
ment which were examined in the present study are quite broad and in-
clude & wide variety of diseases. It seems appropriate therefore, to

- specify which particular visual disorders w0uld allow one to best

address the present problems. ’ | .
Opacity problems, for instance, ﬂccur on the cornea, in the

lens, in the vitreous, and/or in the retina. Corneal préblems may,

involve scars following injuries to the surface 'of the.e’y'e—,Mcorneal
vascllarization or edema, and pigmentation of the cornea which is

sometimes due to blood staining follow"ing injury or surgery. Vitreous

opacities often consist of cell aggregates,—coagulated exudate and.

fibrin, and strands of degenerated vitreous body. They may sometimes be
due to exogenous material such as parasites or/foreign bodjes. Vitreous
-opacities give rise to symptoms of floaters which move about in the
field of vision. Similarly, hemorrhages, exudates, cotton—wool patches,
" edema, micromeurysns, and tissue proliferation in the sensory retina
cause loss of transparency and, thus, an opacity probiem (Newell, 1978;

Vaughn & Afburgq 1977).
Since one would ideally attempt to avoid opacities that change

location in the eye or-do not cause a sign‘ificant decrease in visual

acuity, lens opacity or cataract was examined in this study. Since

[

cataract formation is often asymmetrical, this furthers its potential in

this type of exanination. Specifically, senile or traumatic cataracts

were studied in order to avoid the confounoing effects of amblyopia

developirg in a oapgenitd'case To further avoid any systemic or other
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ocular abmormalities, cataracts due to either toxic and diabetic onset

were not considered. /. o

Disturbance of retinal function may likewise be caused by many

diseases. These include congenital aiid developmental abnormalities,

" vascular disorders, inflammations, degeneration, detachment, and tumors.

Many of these disorders are bilateral and s'ymmetri'cal, which excluded
them from this study, and some generate additional involvement of the
other visual structures. Two ‘ooyditions which are eif.her' unilateral or
asymmetrical in a consideraﬁle'éygnmber of cases are central retinn‘l vein
occlusion and macular degeneration. -The former is a typically
\fnilateral condition which causes a slow, painless loss of vision. 1In
this disorder, ‘the retinal veins are dilated and tortuous and retinal
h;amorrhaée is possible ‘(Vaughn &' Asbury, 1977). Oer;tral retinal or
macular deéeneration is also commonly wnilateral, or at least néymmetri-‘

cal, and is associated with decreased blood supply from the

choriocapillaris. This disorder may be divided into tvo major

)
categories. The first is the 'dry', atrophic degeneration where there
a . .

is a graduil visual loss with a stabilized maintenance of residual
peripheral vision . The second type 1s the henorrhagic variety which is
often associated | wftl; problems of retinal edema and microaneurysms in
the retina. '

Diseases of the optic nerve are,parficulariy difficult to study if
one is to avoid concurrent systemic or general’;zed central nervous
systap im;olvement. Multiple causative factors are again‘ apparent, with
optic nerve damage being x;ossibly due to developmental snomalies, optic

neuritis, papilledema, atrophy, or o‘pﬁ'c nerve tumors (Newell, 1978).’

L




97 .
Optic neuritis, Jhich was examined in the prééent study may be caused by
demyelination, pressure on the optic nerves, inflammation, or any number
of other factors. These disorders maydisplay hyperemia of the disk,

distention of the large retinal veins, retinal edema, and flame-shaped -

" hemorrhages in the nerve fiber layer of the retina, Often, however, one
. sees a clear retina and, although it is usually concommitant with
generalized demyelinating disease, one can often show no central visual
disorders. '

Finally, in the amblyopic category,‘ the examination will be
. restricted to amblyopia ‘caused by anisomettopiq conditions or by
strabismus.  Anisometropia is a condition which exists when there is a
significant difference in the refractive error of the eyes.
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Appendix A
R Multi-glash maps - Amblyopia.......... 98
Multi~flash maps r Cataract...c....... 99

Multi-flash maps - Optic Neuritis.....l00

Malti-flash maps - Macular
Degeneration.......101
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Distance Acuity - Amblyopia

" SOURCE ss as MS - F
Condition 106.01 3 35.34 11.22*
Subjects 8.80 4
Frror - 37.8 12 3.15
R <.01 A

Distance Acuity - Cataract
SOURCE ss as MS F
Condition  120.53 3 40.17  10.51%
Subjects 18.54 4
Frror 45.88 12 3.82 ’
E<.01

Distance Acuity - Macular Degeneration

SOURCE S8 af MS F
condition  181.53 3 60.5% 15.03*
Subjects 70.55 4

Error 48.32 12 4.03

p<.01 |

&
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Distance Acuity - Normals

Ss

as

MS

Ondition
Subjects

. Error

\‘

.16
.1
A7

3
4
12

p<.05

_ SOURCE

N

e

Near Ac°uity - Amblyopia

SS

af

MS

\ Condition
Subjects

Error

23.19
8.58

24.44

12

7.73

2.04

3.79 .

P <.01

Near Aculty - Macular Degeneration

SOURCE

Ss

af

MS

Oondition
Sibjects

. Error

‘m
Q&L

27.47
4.87
22,57

12

9.16

1.88

4.88

p <.01
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Spatial Frequency (8.00 cpd) -~ Amblyopia

SOURCE ss ‘af MS F
Condition 2.42 2 1.21 5,47 ©
Subjects .82 4 AN
Error 1.77
p <.01 :

Spatial Frequency (1.0? cpd) ~ Cataract
SOURCE " ss " af MS F
_Oondition °1.35 2 .67 6.20
Subjects 3.20 4
Error + .87 8 .11
p<.01

Spatial Frequency (1.68 cpd) - Cataract
SOURCE SS af - MS F
Oondition’  1.51 ) 5  10.53
Subjects 3.80 4
Error 57 8 .07
2<.05
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— Spatial Frequency (2.83 cpd) - Cataract
\

114

SOURCE 5SS at MS F
OCondition 1.90 2 95 8.56
Subjects 2.81 4
Error .89 8 J1
P <.01

Spatial Frequency (4.76 cpd) - Cataract
SOURCE ss af MS F
Oondition 1.50 2 .75 5.61
Subjects 2,66 4
Error 1.07 8 .13
p<.01

Spatial Freguency (8.00 cpd) - Cataract
SOURCE 85 arf MS F
“Oondition 1.44 2 .72 7.60
Subjects 1.50 4
Error .76 8 .09
p<.01



Spatial Frequency (4.76) - Optic Neuritis

SOURCE ss df MS F
Oondition .52 2 .26 5.67
Subjects 1.94 4
Error .36 8 .04 '

\ p<.01 »

Temporal Frequency (OHz) - Cataract

MS F

/SOURCE ss af
Oondition 2.12 2 1.06 10.59
Subjects 3.16 4

Error .80 8 .10 '

p<.05

Temporal Frequency (1Hz) - Cataract

SOURCE SS aft MS F
Oondition 2,09 2 1.04 7.97
Subjects 3,13 14
Error _ 1.05 8 - .13
p«<.01
h
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' Temporal Frequency (2Hz) - Cataract

SOURCE SS at MS F
Cordition 1.78 2 .89 7.91
Subjects 2.57 4

Exror .90 8 .11

P <.01

Temporal Frequency (4Hz) - Cataract

SOURCE ss af MS F
Condition 1.86 2 . .93 11.87
Subjects 2.35 4
Error .62 . 8 .08

- .
p <.05

Temporal Frequency (8Hz) -~ Cataract

SOURCE SS daf MS F
Condition  1.84 2 .92 10.75
Subjects 2.66 4

Brror .69 8 .08

p<.05

ol
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Temporal Frequency (16Hz) - Cataract

SOURCE Ss af MS F
Oondition 1.76 2 .88 10,37
‘Subjects 2.48 4

Exror .68 8 .08

p<.05

Temporal Frequency (32Hz) - Cataract

SOURCE 85 af MS F

condition  1.69 2 .84 10.29
p subjects’ ' 3.07 4

Exror .66 8 .08

p<.05

Temporal Frequency (1Hz) - Optic Neuritis

SOURCE S8S daf MS F
“ Condition 43 2 21 5.52
subjects .72 4

Error .31 8 .04

P<.01
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Temporal Frequency (4Hz) - Optic Neuritis

SOURCE Ss af MS

Condition =~ .48 2 .24 11.91
Subjects Y

Error .16 8 .02

p<.05

Temporal Frequency (8Hz) -
\

Optic Neuritis

SOURCE . 8§ af MS F
condition .83 2 41 7,22
Subjects 55 4

Error " 46 8 .06

P< .01

Temporal Frequency (32Hz) - Optic Neuritis

'SOURCE Ss df MS F
ondition .33 2 16 .76
sbjects  1.32 4

Error .27 8 .03

pP< .01
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Depth Perception - Optic Neuritis

SOURCE SS af MS F
Condition  37.40 3 12.47 3.78
Subjects 22,02 4

Exror 39.54 12 3.29

p<.05

Depth Perception - Macul ar Degeneration ~

™~
SOURCE ss af MS F
Condition  91.19 3 30.39 6.47
Subjects  33.08 4
Error 56.34 12 4.69
p<.05
Depth Perception - ‘Notmal
SOURCE i af MS F
Oondition  22.50 3 7.50 4.61
Subjects 8.43 4
Error 19.53 12 1.63
P <.01
.
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Farnsworth-Munsell-100 - Amblyopia
SOURCE SS daf MS F

Oondition  7454.53 2 312,27 5.49
Subjects 24484 4
Error 5430.80 .8 678.85
¢
p<.05

Farnsworth-Munsel1-100 - Optic Neuritis

SOURCE S8 af MS 2

Oondition  26477.2 2 13238.6  7.53
Subjects  84516.27 4 “
Error 14070.13 8 1758.77

p<.05

Farnsworth-Munsell~100 - Macular Degeneration

SOURCE SS df MS F

condition - 211930.53 2 105965.27 11.32
Subjects 1599585.73 4
Error 24861.47 8 9357.68

p<.01
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