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- were examined in the Li_z_a_at_wtyp_,ggggmnté and 115 was hypothe=

_be- the mportant factor :Ln the inprovmnt of. im
f" a:rophy. The results revealed an unexpected’ finding where bi- : ) :

" possibility of mProviﬁk impaired visuél functions and the out- , :

4 T B . . -
0183 Overﬁn‘y s ' . :

IMPROVEMENT OF VISUAL ACUITY IN PARTIALLY AND FULLY SIGHTED
' SUBJECTS AS A FUNCTION OF -PRACTICE, FEEDBACK, N
. @
AND INSTRUCTIONAL TECHNIQUES .
* N % ! a J

Three expermen‘ts were designed to examine improvement of vis-

val scuity of partially (20/200 or 6/60) and n3m11y~(20/20 or

" 6/6) sighted adults. Measures of resolution and vernier acuity

-

sized that practice, feedback, and 1n§truct1qns would have dif- '

f.e;:eat'iai effects on the degree of visual improvement achieved

in a 20-ninute testing leuion. The results of a repeated~ ‘ A

’

. / 4 A
msqrea analysis of variance revealed utensive sual work to o
pa 1

viston.

'rhe th:lrd experfnent: ullowed conpari:aon of noncu*lar and bino-

&

Qular depth pep:p.eption by individuals with unilatex;al optic

nocular depth perc;cption was, in most cases, inferior to that

of the,-tro:‘xg eye alone.’ The first two experiments séoved the ‘

come of the third experiment allowed for theoretical specyla- - .

»
tion concerning depth perception with limited vision.’ T
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N ’ visual acuity (Riggs, 1965), improvement of accommodation in

P
£

- ~

[
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IMPROVEMENT OF VISUAL ACUITY IN PARTIALLY AND PFULLY SIGHTED

‘ . SUBJECTS-AS A FUNCTION OF PRACTICE, FEEDBACK,
. o AND INSTRUCTIONAL TECHNIGUES .
A ﬂ
.o ~ .« Introduction

. , f ) .
Statement of the Problem '

4

oo .
The study of rehabilitative procedures to improve or re-
store perceptual efficiency in partially sighted individuals, - - .
can be divided 1n§) several areas of research, all of which " -,

have received a great déal of. individus} attention. Thus,

normally sighted persons (Cornéweet & ?r\::e,“lﬂ.’i), general re-‘
habilitation techniﬁ\;e\s/épr the pattial]l.y, sighted (Fqg, 19;0),
@perimentally induced sensory. Hepri\fation (Zubek,/1969) and
' the/study of eye dWprders (Allen, 1968) are a few areas which |

« =4
contribute s'ignificant information to the more general problem

of mpréving visual acuity in partially sighted subjec?a. fAl-' -
!g * though the discoveries of this research contribute significant- : e

' “ly to the general topic'of visual impasirment, translation of | -

1 these experimental findings into practical applications has

) #
not been seriously attempted. 4 .

] ‘ , .
Considering the more immediate practical problems asso-

. 24

clated with low vision, it is not surprising that experimental
. ; . N ’ ry

research coﬁcer'ning a topic as narrow as acuity improvement is -,

lacld.x@ at this time. The research has therefore been 'concen‘—

<

L
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trated on motiv‘ﬁ'tiohai: éoeiological, educational, and ‘clinical

L1

factors when dealing with the partially sighted subject (Nolan,
1967; Knowles, 1969; Warren, 1974; Friedman, Kayne, Fallman &

Asarkof,l1975; Jose & Butlfr, 1975). A major point of détate

rd

in many of these studies .has been the separation of 1egaliy

completely blind or have only 1limited lightisperception.
o% “
Traditionally, low vision patients have been encouraged to

B L)

"conserve sight" and not use their eyes more than absolutely
necessary,~due td¢’ thé generally gccepted belief that such use
might cause further damage to alread'y impaired visipn. It was

only in the early sixties that medical specialists established
- . ) p
that the eye cannot be damaged or ihjut‘ed by use. (Fonda, 1961;

2
*

Frank, ,;.961). At this yoint, the emphagis shifted from the use
of/‘the other senses as compensatory mechanisﬁs' for limited

svision to the concentration of the individual's eff(;rta on

' sight utilization. Tb.e underlying mechanisms of this shiﬁ:‘*were

ﬁt operacionalized, E\Qwever, and the recommendation for more

-

e.xt'ensive tise of low visual capabilities produced only attempts

to increase general motivation to use residual vision. Speci-
fic strategies for optimal use-of residual vision have yet to
be tested and validated, much less implemented in active pro-

grams of rehabilitation.

The notion that visual functlons of the eye cannot be

3

damaged by use is not a new one in studies of the phyeielogic‘al\
& . -
( -

blind individuals who have "guiding sight" from those who are . -

-
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correlates of vision. On the contrary, .studies of cats raised
. ; . .

s 2\, W¥ith artifically igduced squint or with sutured eyelids showed .

v that extensive neurological damage was the result of disuse ?f

! N the ei'es (Wiesel & Hubel, 1965; Hubel & Wiesel, 1965). Further- c
(4 -

more, it h‘as a;:o been demonstrated that even if the occluded ‘.

’ A<l

. eye ‘1s made functionally(blind, it is still poss{ible to fofqe . S

the eye to fupction again, albeit subnormally, by temporarily

preventing the use of the healthy eye (Hubel & Wiesel, 1970;, ‘
N C Nt

Dews & Wiesel, 1970). Weiskrantz and Cowey (1970)-nlso empha-

- 8lzed the resilience of the nez:;vous system,and the importance-
1% [ ’
of postoperative training for the dispiay of the resilience. .
. . F4 ¢ ‘ \/‘I <
l' ‘ Eviden/f:e of the elasticity of the visual system has been further T
; - * , ' R

‘ \ subsfantiated by studies of monkeys which underwent surgery in-

volving total removal of the lateral .striate cortex. With inten-

Y

y P ) sive ttfaining, these animals were able to localize t:ys~ )
E ' R . . LY
i ual events in space with great accuracy (Humphrey & Weifkrantz, ’

~

] —

CT1967). , : . :

. Naturally, generalizations from these studies to rehabili~ =
5 . . ‘ ! ‘ *

t:ati_o:i of people with partial vision should be made with caution.

[ .

o o Hov?ever, due to\the structural and Functional similarities of

visual systems acrosé the mammalian -'specdi’es,' there should be

N ‘ ) enough commonalities to ‘z!sisume similar eipsticity and traina;-

., ' i:ﬂity*in the human visual system. The next‘ step wo re‘quig'e T
a continued emphasis on the idea of asight utilization with the’ '

3 ‘ ' aci‘d;tion of speéiﬂc _stratgsg‘ies ~v{ith vhich the partially si‘ghted ; 'Q

-

\ ’ . ' ) ’ \g




subject could bgtter analyzwe' visual information. The present . -

°

study has ati:emﬁed to examine these two c'oppbnents: firstly,

. , ‘whether prol!.onged visual training &an contribute to’ an imprdve-—@
PR & ; ‘ T,
- ment in visual acuity, and saecondly, whether the-partially = . T

4
1 : v

sighted Bubject-can discover some useful sfréteg;es for visual

functioning by himself and whether l‘ c%‘h be taughti to use cer-
a @ . \ -
- . R . . Co
tain 1nfomati§)n which is known to be useful. in "normal" visual
. ‘situations. L _ _

o

Historical Review of t_he‘ Literature .

., . B -

‘ It has been shown that: visuyal acuity in humans x‘nayd suffer .

as a result of* "disuse" (Axelrod, 1959). Again, Jdst as in the .

v abovementioned animal research ageilimitation seems to* be
W, ° the crucial factor in possible success o%gument which forces
- ___/the weak eye to "see". Success wit:h improvement of adult lens

. N T . S
accommodation has recently been a;:hieved by Cornsweet and Crane

Ly

T (%973) using" two adults with normal vision.

1 c - A great deal.\of "research has been dc‘me in the area of visual

» o ) i:estorauon after pi-ohnged absence of';any vi-stia-l input to the )
organ!sm The classical work in the area is the monograph by

von Senden (1932) wherein he describes many clfhiical cases of

-
- . P

restorec} vision. In the area of human research,, the posmata-

. . L e
L, ract patient has bgen the primary subject in studies on visudl ‘
- ‘ , s
X \\_‘\ . restoration, where rehabilitative processes involved in helping'
& p— . ,
g , o the individual to learn to. adjust to his newly acquired v;éion
: e rﬁ a . ., 0
. / ? .
" . ‘ . o
» L 3 4 .




have consisted in basic trial-and-error methods (Valyo, 1971;

Tanner, 1971). Tanner (1971), for example, presents a‘deta(i]:ed
[ ' ” -
description of his own experiences after cataract removal. He

»

describes his misi:ergeptions of apparent sizé and distance, the

-
.
~ o

\ .
percelved distortionvof vertical surfaces, the problem of tun-

.

ne:./\/r/lsion, and subsequently, his eve;ttual adjustment to the

usg’ of vision, where he stresses the need for post:Joperative

£
>

‘t.rainipg ﬁroceglures' in the use of newly acquired vision. ‘-
~ ¢ ,’0 R N

3

Although some progresé has been made in research to make }/

- [N

-

{eﬁbilitative techniques more suitable for the use of’ read.duaL
c8™

vision,".the major emphasis continueg tg be placed on such topi
as the proper mode of reading for 'legally blind" childrensg

(Nola}n, 1967). Among other statistics, this t’eport showed that

over. a three-year period, between 1963 and 1966, there appeared -

to be a consistgp/t;nrend—towér& greater use of residual vision

but, at the-safe ta.me; almost fi;fty per cent of legally blind

childréh were “Q*gill being taught braille. Clinical evaluation

»

of succesdful and unsu@gessfg\lﬂ rehabilitation of the legally

" 3 “

- e X
blind has also been a popular area of research (Knowles,. 1969).,
These studies Atypically examine variables such as the cognitive

ability or intellj:gencev of téhe partially sighted patient, age

at the time of rehabilitation, age‘/a\t{hi.ch blindness ocgrred,

degree o£ blindness, vocational i:,lassification, years of educa-
&

tion,‘ level of orientation and mobility, mode of travel and

. 2.
length of time in a rehabilitation program. A logical extension
4

14
-
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3 ' ~of this type of research is the study of counselling techniques

aﬁd set-up of ref@bilitation egnters (Friedman ét al, 1975). “p

The results of these studies show that visual functdon of apptoxi-—\

i

RS N '
natély seventy ‘flve per c},nt of all patients ig improved with
g ' ¥ .
—~  visual aids and counsedling. This success is attributed to in-
novqtis}e programs of social sgervice andl counselling, integfjted

|}
into a multidisciplinary approach fo low vision care.

- It should be emphasized that as recently as 1971, the cri-

ticism of calling visual impairment 'blindness" was being voiced

by conce¥ned researchers (Wolf, 1971). . ‘Speci‘fically, Wolf cri-~-
ticized agency services for” t?teir approach to the probléms of
their partially sighted clientele. These people were being

taught compensgtion techniques for their l\pck of sight by ex-

being paid to their remaining vision. The author stressed the

»

;
} h the production o
LY * .
C and presdription, and also escalafed iﬁvesWﬁs' dealing with
N proper levqls of 1llumination or roper liihting for maximum g
, .

SANERIE > Gidsewn. -
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~ Faye, 1970; Josq.&’Butler, 1975). These studies have édbptéﬁ

L]

the pattern of classic "threshold" éxperimente, 1:e., givena
certain yisual aid and using a stgndard vigual test Such as

the Snellen Chart, levels of illumination are varied until the

J———

optimal one is found'fof the subject. =

o

8t111 lacking 1s research in the use of low residual vision

without the inclusion of mechanical or techmical aids. - The

-

isgue here 1s not that these instrumepts serve no. meaningful

guxpose. On the contrarb,‘the point is that if we can discover

strategies by which the naked eye can "see" better, then per- .

¢ ¢

haps these same atrategies may be adapted to qvén further en-
hance the potential aid offered by existing mechanical and teth-

nical devices. (

-
r

Clagsification of the Partially Sighted and Acuity Measures
; - a
The presént legal definition of blindness in Canada is ‘

"visdﬂi ac&ity with proper refractive lenses of 53/200 (6/60)

or less with Snellen Chartrbr equivalent, ot if the greatést'
~,

diameter in the field of vision in both e}es is less than

4 A ‘ .
twenty degreee".\<fhia classification procedure has met with s

l mugh criticiem, but at the same time, evaluation of acuity in

low vision patieut; by other empiricai measures is not mentioned

in the literaiure. ,Bier (1970) suggests that.the definition

of defective vision should be concerned with visual efficiency,
\ ] . P

not. with acuity alone, becau;e nost patients have greater visual
. . | ,

a




., 4 ' Y ° 8 , &
. H . . A‘.
. power than is suggested by Snellen notation. Bier's (1970)

+

. ' ' . & criticismof the limitation of Snellen scuity measures %s cer-
tainly justified. Bowever, before tﬂe trt;nsition is made to
the"test‘:ing of 'visual efficilency", orml:L is temptéd'to Hrgue
that perhaps what is required for a more complete picture of

4

the visual abilities of the partially sighted patient is simply

L3

<

an incresse in the number and types of acuity tests which can

assess'angindividual's visual ability. o ‘ \

. i | - Four types qf acuity mea\sure’s have generglly been uéed to

. evaluate the efffciency of the visual a'ystem 1n‘ ‘objective empi-

rical terms (Riggs, 1965; Christman, 1971), The first type of

N . ' N 'ucuity task is'call:ed "detection” and requires the subject to .
' | a}mply state whether ;ar not the test obiect is- present in ttfe |

- R visual ﬁfeld ‘This test can be cond;lct:agl with bright objects

/ . against a” dark backggoﬁpd. dark oiajects against a, bright back-

. ground, and with low-contrast objects. "Résolutioﬁ" is a task
_similar -to that Af the two-point limen in the tactile modality. .. )
The subject is aékéq'w respond to a separtation between elements °

of a patgern. Studies have made usé of Landolt Rings in their

éqtamination of \this type of visual acuity under different levels °

of adaptation (Shlagr, 1937). "Localization"” acuity tests the

a.b:ll’ity‘ of t‘he eye tc; detect small displacements of one part of

a test ohject with respect to other parts. . This ability can be

tested by vernier and stereoscopic measures.. Westheimer (1965)

. 4
. defined vernier acuity as the aligmment or misaligmnment of two

¢ " L . o

N




. _— 9

.\‘ 0 R . ‘, . ' - .
abutting line segmedts--a ‘task which involves spatisk ddscrimi- %“, ®
) na'tiori,':namely, of the break of a contour, Stereoscopic measures

1 -
» . N b

‘are based on the same principle of ‘al_ignment of objects but with

the-addition of the third dimension of .depth, .Finally, "'recog- . -
, : nition” aculty is tested traditionally by the use of the Snel-

. ‘ len Chart or its equivalent- (Snellen, 1862).

Rationale for Present Study = -

. mance on some acuity taska can be improved while on ¢thers

:\ . provement is slight or completely imbo’anible. - - > "

While 1t can be argued that the examinat:ion of visual )

acuity restricts one's attention to t:he study of t‘nresholds.

Westheimer (1965) points out that this kind of restriction, -

-

lwhile being open to critfcism, at the samé time permits a clo- .
ser apaiys-is of the bhysfcal and ;:syéliolbgicai factors' under-.. h
S lying the phenomenon. If a significant lowering of {r"isugl .
threshold can he demonstrated by these acuity measures, muéh _

can be aa:i.ci about the iesolving power ,°£ the eye and the pbs-

sible compensatory mechanisms that exist in a system where the .

~ +

. . . LN
4 ufficiency lavel 1is conaidered’ to be drastically lower than.the -

* ﬂo*bl 3 " - Y * .

Bier- (19705 stated that visual perlomnc; may be ‘enhanced . .

-

in three ways:. by increasing the 1llumination, by,exihrging
> 4 ’ . B S Y

Y
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u . ;'Lthe\object size, and By accentuating the .def\inition of the

0 ‘ v;ml target. This ztatement must be nqdified by the as:\gmp-
tion that optimality of perfomnce is the goal, which may kvell'
be found at points of iuﬂection racher than maxima of these

p factors. Although the inporunce of these factors is obvious,

L the hyﬁotheais that practice with the testing materials, feed-
back on performances, and/or specific training in the analysis
‘of visual iiu?omation would igprove ,acuity performance seemed

tenable.. The idea has & theoreticsl basis'in Gibson's (1960)

. form_:lation of the potential information present in any array
ofl agntlsienti light, where the ability of an animal or‘g man to
rggistef this information depends on Q;m‘ Anato\ny and physiology
of the sensory channel, on thg stage of gréwéh and matui'ation‘

————-——of—the—nyatm‘, and even perhaps on the level of practice or
. : ‘ attention in picking up the 1nfomation;» ’ . .
: The reaults of research in a closely related area which ] .
" examined a higher "level of visial functioning also offered some
basis for optimism in the study. Frostig (1972) and Bieger
o ; . L (1974), in mumining the effectiveness of visual patcep£u1
E '- training on fuding skillw, reported that low perce:‘ly\er-, ~=g’i.veu
) I | y fvhu’al training, improve lignifiéaﬁtly in visual pei'ccption."
3 'u measured by their ab:lut:y to unscramble overlapping and em- 7 ¢
7 » h_ - , bedded ftguru and to solve figura—ground ‘problens, ‘for cmple.
; | ‘ : ‘Tb.ch: reading achievement, however, is not affected, Rosen
v o | _ (1966) also found hpl;OVﬂllt{t ‘in trained perceptual c;pnbil,itias; L

Ca a
. R N . \ h !
» .

xS
-
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_however, he d'id not elaborate on these results since’ hg too was

N &§ " s i
interested in improving reading skills per se. These findings
n . [P B .

lead one to believe that even if the visual precticge and training

- utilized in the course of this research did not produce a "sharper"

visual image, then perhaps the subjects could still show an im-

proved reaponse rating due to their ability to interpret even

e

a blurred_image nnd "£411 in" the missing information.

Present Btudy

‘requiring correction. Other|disoxders on this list are: the

¢ In the light of past research, it’seemed that persons with

optic atrophy would comstitute an fdeai~group of int:erea-t for

.studies on mprovement of visual acuity. The primary reason

for this argument is that optic atrophy is considered highly
favorable for improvmnc ong the pathological conditions .
various’ forms of chorfo-retinal and macular degeneration, cata-
ract and post-cataract cases, albiriism;‘ corneal malformation,
irregularity, opacities and myopic fundi changea'(ﬁier. 1970) .

Secondly, the disease appeara when the pat:lent: is at an age _

where neither developmental nor degeneragive factors due to

age are potential squrcea of contamination in visual measures.

Persons afflicted with this disorder are usually between the

ages of 35,and'50, especially when the cause of damage 18 some

Pl

. _!orm of\ exogenous poison. Finally all the causes of -optic

atrophy, and specifically optic neﬁrit:lé, are still common today.
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A liating of the main causes of optic atrophy should .

serve to demonstrate the extent of its occurrence. Diaeaqes

1 '
of the central nervous system such as multiple sclerosis, ' : }

b2
k]
w
@
4
K
H

& Y
@ meningitis, encephalitis, brain abscessyand acute‘myelitis
can cause optid neuritis. Acute and chronic infectious dis-

eases (dipthéria, typhoid fever, dysentfy, measles, malaria,

[ !

influenza, rheumatotd arthri‘tig, and jtuberculos'ia). focal
infections, circulatory diurbances, kidney and hypertensk‘v,e

diseases, irdflammations of the orbital tissues, and intraocular

L Y

inflammations can all serve as potential starting points for

the development of this disorder. The main source of cerrent ‘

i

{ ' ' concern 1is intoxication and avicaminoeis. In the case of

toxic infections, the damage is often retinal and follows

TR ST

&
methyl alcqQhol, arsenic or lead posoning. Most of the patients

k ' poiso’t'ﬂlg\of the cells at that level by \tobaggb, ethyl alcohocl,

in this group are between the ages of 35 and 50. Their cen- !

tral vision is diminished;athe damage is biléteral with one'
~ - ’ -
/ ' -eye usually more affected, but improvement of vision in these -

cases 1s poaaiblé. One final cause of optic neuritis that

should be mentioned is.the hereditary form, called Leber's

’ - " Disease, This ‘;ts a form of retrobulba éut'itis and usually -
becomes: evident around the twentieth'y of 1ife. It is
genetically transmitted through unaffected females to males.

A ' When the disorder becomes apparent, there is a fapid failure

x ofsviaion and this becomes gradual until, after six months,
v S ‘
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the amouut ‘of residual vision remains stationary or increases.

As ig the case in toxic disorders, Both eyes are affected, and.

'l.;" N L g:\‘l
g in roughly two-thirds of the cases there exists a central sco-

E. . ] toma with the peripheral field remaining normal (Thiel, 1963;

"5 ' . Allen, 1968; Duke—Elderq 1970, Faye, 19703 Zt is obvious from
;%2 ' _ l this listing that, in terms of numbers alone, this disorder

:é o claims many v;cthms and therefore merig@vinvestigation. -

g} " o It seems reasonable to assume :hlt the use of limited
visual 1nformation is an ability possessed by the partially
& ’ sighted subject, which then leavea the question of whether it
» ' > is possible to 1mprove that\ability.. Gibson (1963), in his exam-
2 ' ination of a theory of stimulus patg:rns and transfogyat;ons,g
has investigated the péksibility of controlling Stimyglus infor-
mation inatead of just the traditional stimuli 5n the topic
of deficient visual information, Gibson believes that a pf&ﬁét
description of the information in an optic array will necessarily
include a deacription‘df the clear information in a picture, and
also the ambiguous, éoﬁfliéting, equivocal, or misleading infor- ‘
mation that can be incorporated in that pictuéé;‘ Gibegn'a re- '
vised deseription of the senses, based on thgs theory, redefines
them from ﬁmerq receptors" 1.e., receivers and transducers éq
energy to gystems for exploring, sed!chiné,'and selecting am-
bient energy.

If one thinks in terms of exploratory vision, then even 1if

®

A3 S R
there is extensive neural damage to the system, there exists the

+ ,‘ / - A\
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possibility of ‘int:erpretix’lg a visual pattern based on such a-
search process. A parallel process exists in the tactual moda—

lity, where extensive gearch by touching an object and noting

more details, allows a percetver to recognizel a stimulus which

at first seems ambiguous or "fuzzy'. . The type of search process —_—

employed may depend on the demands of the yisual situatiq;x. In
one instance, tﬁe perceiver may inspect the visual field and -

gelectively seek a physical target for fixatién 1n.an array of
» \

physical targets. In another situation, the perceiver may choose

to search the retinal image for the required information,

—

The majority of visual decisions are made on the basis of -
the brightness and contrast contained in the visual field. In
. I - Y

the situation where central vision is ineffective, “as in most

Yeka -

> 7
cases }foptic atrophy, Gross and Weiskrantz (%SQ) observed

o
7

that in far peripheral vision, where "acuity is. poor, stimuli

are matched by humam subjects on the basis of tﬂeir total lumi-

nous flux and not on their brightness. Thus it seems that there: -#

are a few strategies which may be useful to someone at':;:e;nptigg

a tasic which involves, among other th‘iugs, threshold discrimi-

n;tion . C‘ampbell and Maffei (1974) have also observed that the

ty of men and other animals to perceive the details of ob-

;&ts and scenes is determined to a large extent by how wel.l ‘ ] <~

their visual eystem can discern contrasts, Altfwugfi researchers

have long been aware of the existence of these cues, patients

T

>

N

W,

Bpa | ek e 1, ST
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in rehabilitation situations have not been taught the use of

. . these, strategies.” It seems that feedback and instructions’

[ . :
\would be the most likely candidates for aiding visual acuity

<

improvement. ) 5 “

‘ ’ ".’1‘0 apprecfate the péssibﬂity of a person with extensive

o damage at the level of the optic nerve being able to make /fine
vigsual judgementsj;~one must recall the surprising degree of ef-

ficiency in the visual system. Westheimer (1965) states that

' 3 Q— L 4
the classical theory of visual resolution can be thought of as

v

applying éither to individual reéept:ors or to groups of recep—
tors acting as units. It requires i:hat for resolution to occur /
at least one unit be stimulated differentially from the rest.

. Even with a large number of rec#tors that are themselves non- P /

—

- functional or whose messages are not transmitted to the brain,

-

there should still be some area in which at least several trans-

¢ a

mitter: are active and on t?j basis of yhoée impulses a visual
~ decision can be made.

On this basis, it was hypotl;esized that practice, feedback,
and speci:fic vigual training would improve\performance on three
sep;arate acuit;y tasks in both phrtially sighted and 'normally' )
sighted subjects. The par'ﬁiail(y sighted subjects were patients
sufféring from‘optic ‘atrophy, generally as a result oﬁ multiple
( sclerosis, whose visual acuity waa/'20/200'(~6/60) or less. These

1$d1v1duals' performances weg:g\comﬁared to those of people with
20/20 (6/6) vision, that had been matc}xed on th; age variat?le A

to the low vision group. A basic Snellen rating of recognition

R . -
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acuity was taken with all the subjects to validate the obtained '

visual acuity measures. The three visual acuity tasks, which ‘

included reéolution aculty, as méé‘sugedoon a Landolt Chart,

vernier acuity and depth perception, divided the study into

three distinct experiments. S
\e ﬂy
In each experiment/(hé}e were four experimental conditions.

The first was an "instructions with feedback" conditfon in which

the experimenter interacted with the subject and gave specific
. o, ’
instructions as to what gtrategies and cues th{: subject would

’

use to analyze. the appropriate visidal target and interpret the
available informatisn.o ‘The second conditic.m was} one of ;'feed-
back", wherein the sub‘j ect was simply told whether he was-right
or wrong on any “given tr'ial ;\The hird sitbation provid‘éd the
subject with no informatdon anc} éizz}ply 'pequ;red that he repeat

the task for ﬁhg"same ount of time as had the subjects in the

Cirst two conditions. Finally, the fourth group was a conttol

for elapsed time where the subject made a visual judgement only

o

\ 4

at the beginnuxg and end of the standard session. Alsv,- in each

L

expesiment, and under each experimeneal condition, a comparison
was made between partially and normally sightéd subjects. The
length of time during which the subjt/zct actually did extensive
visual work was 20 minutes in each experiment. Specifically,
t\here wvere three trialsWn each condition: two of five minutes

eahh and the findl one of a duration of ten minutes.

T ‘It‘;aw;%pothesized that: the subjects would exhibit v:lsual

improvement over the three trials in all conditfons except the

«

}

T
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control, where there would be no change. Another expectation

\\..

. Y 4 s ’
was that in all cirdgmstances the normally sighted individuals ¢~

3

wanld perform better than the low visim'x patients. ¥inally, o

~ 5

it was expected that the individudls who_had the benefit of ™

A " A 2 )
instructions and/or feedback would perform better than the prac: '

g

tice ‘groups in all three experiments. . 3
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) " Experiment 1

]

. The purpose of this experiment was to determine whether an

%
N

improvement in resolution acuity could be achieved by a group of

partially sighted subjects and by a group of nbrmally sighted sub~,

jects under four experimental cozafiions. T

In //"
Method

a

‘

. . ) ¥
Subjects All subjects in this study suffering from optic

atropﬁy were out-patients at thé’Montreal Neurological Institute.
Additionally, with the exception of one man, whose dtrophy had

been catsed by an accldent, they were all multiple sclerosié/pa—
tients. Twenty lo&iyision (26/200;‘6/60)-subjecgs,and 20 nor—/W
mally sighted (20)20; 6/6) @ubjects participated in this experi-
Ehﬁi" In about half of the low vision sﬁbjects, the damage was

. . -
pnilateral; thws, all subjects worked monocularly with the weaker

éye. The age range was from 25 to 45 and these two groups were, =
“matched as .closely as 'possible on the agé variable gnd on the
"teated eye, ‘;g.,'if the low vision subjec€ worked wilth his/her
left ey€JlsT’ ‘ her normally sighted ;ountg;part.\

Aggaratﬁs A standard S;ellen Chart was used in order to
verify the subjec;s' acuity obtained from the dphthaimologist's
file. A chart ofﬁyandolt Rings wﬁs used as the'testing materidl
in this experiment. This chart is structurally identical tS the
standard Snellen chart, 1.e., the lﬁrgesf fing is place;j}t the
top whgre ng iénlocatéd on the Snel%gn test--with the number of'

rings increasing’ per line as one\reaae dowr’ and the sizes changing

.




B
!

s R ris
Ex .
¥
g o
; A
. ay
"
.
L .
4 N ¢
4 ¥
it
i.
- .
i
e
e
4N
bt
(o Py
5‘* .
X RN
i,
%
% »
0’
Iz i
-8
V.
il b
R
§
~
n
.
-
'
¢ [
NI
'
v
N N
¢
P 4 '
N
Ty
5‘]'
g -
3 -

P

b

o

' 19

in the same proportions 4a the Snellen letters. *0n the chart used
' ]

here, each rin; had two opetings rather than one which is more
ey .

-

common. In each ca‘s\ez by definition, the stroke and the openiﬂgs
of the ring weré one—fifth\of the diameter dimension. Standard -

‘spot and flood lamps were used to keep the mean Intensity of 1llu~

mination in the test area constant. The intensfty at eye level .

4 — e

as measured by a footcandle meter (Spectra Candella X—lOO’,‘ Serial

No. 1278) was 117.5 * 7.5 footcandles (1264.76°\& 80.73 1x).

, i
the two fblacks were matched on

-

Procedure Theﬂsubj,ects in

age and 't_flgg,each—gair was randomly f_a_ssigned to one of four ex- :
Ky . :L'
perimental conditions. Thus, tRere were five individdals repre- *

.

,%enting each of the two visual cétegorieé in the "'1ne“tructiona",

"feedback", "pfactice" and "control" conditions. . M \ }

Although Snellen ratings are the standard "chart test", ‘they
- AN
were used only to establish the initial -baseline of visual perfor-

*

“mance. It would have been inappropriaté, given the amount of repe- ™
tition required of the subjects, .to use, it as a measure of visual a
improvement. This B_rocedure demanded a test that was "invariable,
unlearnable and repeatable'" (Lebensohn, 1969} . Landolt Rings, in-

troduced in 1888, meet these requirements since the chart may be

\

turned in any direction thus eliminating the possibility of memo¥tza-

-

tioa. The acuity figure is the same as on the Snellen measure{ V= 4
"w.

. d/D. The parameters also remain the same: V = visual acuity, \’

d =~ the distance at which test types are read, and D = the distance at

which the figures subtend a visual angle of five minutes (Snellen, 1862).

A
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As past research has shown that patients with optic atrophy
function best in high illumination, tﬂe ligﬁt level on‘the chart
was kept constant at 117.5 X 7.5 footcapdles (1261;.76 + 80.73
1x). Fonda (1965) has also stated that measures of the Snellen
type should be taken at distances of five to eight feet (1.52 to °
2.44 m) and then these should be arithmetically corrected to the
gtandard expression. ﬁ;st of the low Glsidnﬂéﬁgjects in this study.
were-tested at five feet (1.52 m) with only a few having to be
placed twgdgnd one~half feet (.76 m) away from the .chart. The
normally sighted subjecés were tested at a distance of 10 feet
(3.05 m). All.geasures were converted to atanda;& visual angle
figures for the statistical analysis‘of the data. \

Subjects in all four conditions were first asked to read down
the Snellen Charf unti] their responses were reduced to chance
level. This procedure provided the ;boveﬂmentioﬂea baseline and
also served to establish the appropriate testing distance for the
individual. The total te;ting time for all‘conditions,vexceptA
the control;'waa 20 minutes where the first two readings were
five-minute sessions and the final one lasted 10 minutes.

The subjects in the "control" condition, having established i

their Snellen baseline, were asked to read the Landolt chart

once at the beginning of the session. All subjects were told to.

read the rings like a clock face. Five minutes later they read

Y

a second time and finally at the end of the 20-minute period
they gave a final reading. The chart was turned dfteregach reading .
to avoid memorization of the gap posittgg;}

2




The individuals in the "practice" condition worked ﬁisually

—///J

for the full time‘&esignated for the three trials, with no feed-

¢

back from the‘experimentgr. The lines to be read were assigned '
15 random order with frequent tepetitions of the masterfd 1ines.
Once the subject's performance was better than 80% on any given
line, \he/she was then asked to attempt the ;ext line. It should
be noted that at the end of the five minute trials the subjectg
were allowed to rest, for two or three minutes as requiréa, and

. . "
that only.on the last trial was thé visual working time extended

to 10 minutes without a stop. As was the case for the control

t
v

conQition, the chart was turned after each trial and, here, during

the t¢rials as well.

The subjects in the "feedback" condition followed the same

-

[

basic procedure. Thqg were, however, tol& how well they wtif per—

‘forming 11ne by line. Por example, the experimenter wuﬁld say;

"Your answer was correct for theé first three rings but not for

the last one". Again, there was much repqtition of the success-

! o ,./ § Y
fully mastered lingg and an additional line was requested only L

after performance on the previous one had been better than 807,
t

-

The "instructions” condition differed from the others in two
teepeéts. At the beginning 'of the session, they were t©ld that
researchqig had pteviously found certain cues and strategies to

be extremely helpfu{’in making the most,of limited visual infor-

A

’

matipn. For example, even when an image gets blugred one can \

still look for small changes in brightness and,’knowing that the

a
»

'
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g . - rings have two breaks in them, one can conclude that the places
2 . ' : ' \
where one finds brightness differences must db:reapond to the

“

Secondly, the’ subjecta were csked if :hey consciously

gaps.,

Those who did not admit to using peri-

pheral vision as a natter of course were told that people with

central distortion often find peripheral visfon to be a good al-
e -~

Pinally, 'all the sub-

! 4 c "ternative when examipipg a visual field.

-

i

jects in the group were told to periodically rest the eye with
~
which they«wete working either by glancing momentarily elsevhere
it

/than on the ch;;z‘bx by closing the eye for a few seconds and then

looking once more at the visual target. (Por detailed instruc-
. N .

N ( % ’

B
Y N

tions to all the subjects, see Appendix B.) 4 v
The second major aspect 1n which these subjects differed
from those in the other conditions was the fact that they were

in constant communication witP the.experimentet. They kept the

. expériﬁeﬁter inforped as to how cléhrly they saw the designated
’ symboi
: 7
- 1nstructions, they attempted to ‘extract as much f}}ormation as

If the symbol waa hazy, then, based on the experimenter B
'? s i s possible from the distorted image. Again, the subjects’ were
E \ - told after each lipe which responses were correct and ingorrect,
The partially and }ully sight;d subjects followe;‘e;actly
the same procedure in all foui cbnditioﬂi.' The qamq~}1mitg,were
jj/ ) ‘5%& onh length of the test ;;seionr the number and length of the

- ’ N o
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trials within the session, and the griteria for successful reading

. of the individual lines. Vv . -

Resul’

The data in this experiment were recorded in terms af visual
» angle, defined as the reciprocal of the visual acuity figure in

minutes, A summary of a 2 x 4 x 3 (Visual Groups x Treatment Con-

ciitio;\s x Trial Blocks) mixed design analysi:s of variance on the
: data dota{ned in his expernimen.t is shown in :.l‘cble 1. ‘ -
. - ‘ Excencive yinual work, eff;d?ed here'.t.n‘ by th? three~trial
gystem, improved aculty significfmtly only.-in the parfially
sighted subjocts, F (2,64) = 40,42, p< .01, A poat\hoc Sjchdffé‘a
test showed that, in all t.hree experimentcl conditiono. the de-
crease in visual angle resolved by the partially sighted subjects
@ wa; significant when comi&aring the first to the third t:ti'al’-' o
S A‘»blocka, XZ 64) = 257, 95, p < .01, The only decreane which was

not atatiatically significant occurred between the second and

1 F‘w\ third trial blocks in the practice condition. As’ s‘hnwn in Figaﬁf:f‘ o

'y 1, there-was no change in performance exhibiced by the pattiaily ’

-

sighted subjects in the control condition.
The common factor in the three experimental conditions was

repeated visual work with a common atimulus; the subjects in the *:

control condition did no exteosive visual work. They simply read -

: N fhe’ chart once at the begir.ming. in the middle, and at the end
] 4 \ ' .
- . of the 20-minute testing session, Consequently, their perfor-
i . , ‘ . ¢ h ) \
N 4
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"Analysis of Varfance
1 . " . Experiment 1
. fource . g8 gl T m

' . . -
f

Treatmént Conditions (B) 736,43, 3 . 245.48

L e A%B S 476 .. 3 249.05

Brror, ' . 11,815,95 32 .  369.25

S

frials (C) . 18271 . 2. 91.36
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L AR
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—
4 4 PO ,
A .
il » ) «
. ) ' /
/ N .
) o] e .- i
N s .
*p < .01 .
. ¢
-
« .
a - ¢
k) ¢ i
. ¢ i ¥
L ~
£ -
nd > N
y e a
3 Al
B » :
. .
v f .
ks £y
- e
- oW~
»
. . .
. Al . = [
) ' -
i
- %
-
, -
. \ \
" -
L p N
f
-
-~ > - A ’ v
h
1
v .

' Visual Groups (A) 7,426.13 1 7,426.13
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mance was unchanged. In the normally sightéd category, the
individuals in the control condition also showed a y‘le\rel perfor—-

. - -
mance which was comparable to that of the normally sighted

subjects_in the experin;ental conditions. Again, a post hoc
' . . .
Scheffé's test showed that performance of subjects in the control

condf{tion differed from that of subjects\in the experimental con-

¢

ditions only in the ;Sartially sighted category. Tﬁie substan-

’

tiates the interaction revealed by the original analysis of the

data, F (6,64) = 16.46, p < .01, and further supports the state-
. ~
ment that normally sighted subjects will not show an appreciable

degree of improvement of visual acuity in a resolution task re-

. .

gardless of the experimgntal condition. -
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. Experiment 2
The purpose of this experiment wa8 to determine whether an’
improvement in vernier acuit;y could 'be achieved by a group of par-
tially sighted sut;jects‘and by a group of normally sighted subjects
under the four experimental conditions. 'i‘hi’s 1nvestiga;:10n was .
necessary since a different type‘of acuity is g:ested by vernier
methods compare& t:o‘ resolution tasks, Landolt Rings er gimilar
to Sne1113n measures since they Present the subject ‘with a rela-
tiyely large stimulus and require rather gross visual judgements.
+  Acuity underta veynier condition is about 12 times as good as the
SnelleLn standaed (Christman, 1971). The assumption—#{ t,:hie task
was within the c\npabilities 9f the partially siéhted group was °
based on past research concerning the regolving power of the eye.
Hartridge (}922). Berry, Rig;s and Duncan (1950) ;n;i'Westheimer
.7 (1965) have calculated that settings of alignment of t;vo line Beg-

ments can be made with an error approximately between eight and

ten- seconds of arc. , -

) ~ Method ‘ N
~ Subjects The subjects described in Experiment 1 also parti—'

cipated in this experiment, and again worked monocularly. The

asgignment to treatment conditions remained constant across the

the feedback group, he remained in this group in both experiments.

expe}:iments, i.e., 1£ a subject had been originally assigned to

_Also, aince repe&ted measures were taken on the same subjects, .
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the order of experiments in which. they participated was counter-

%

balanced between subjects,

)

AB‘ paratus The lighting apparatu: remained consta;xt in this
and the first exper‘iment. Thé vernier api)aratus was constructed
to hold two‘{ile cards of different sizes, one abdve the other, .
on which was drawn a single black line, three mches long (7. .62

. tm) with half that length on each card. The black line which
;erved as the vernier test object was just und'er one millimeter in

"

thickness and only in a few cases, with the Jow-vision subje:ts, ¢
¢

«~did 1t have to be thickened t:o”juqst slightly over one millimeter.
The‘ vertical. sepa‘retion between the halves was kept‘constant at

one and one-half millimete¥s. The displace;em: between the two
line segmenta (off-—center), was measured by a dial indicator attach-

ment with a range of one inch and calibrated in thousandths of

-,

&K inch. T
.

Pracedure The subjects were tested at the same distances
as in the first experiment--10 feet (3.05 m) for 20/20 (6/6)
vision, and ‘either five feet (1.52 m) of two_ and one-.-hélf feet
(.76 m) for 20/200 (6760) or worse. Total testitig time remaiped
. constant at 20 min;;'tes. The "three-t/rj;l" method was again used,
except thag now during each trial the experimental subjects were’
Qaked to make six separate alighments of the line segments.

The subjects in the "control' condition were simply asked

e

to make th‘ree alignmentp at tﬁe beginning. middle and end of the

4

-

-4

+
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20-minute period.
The "practice" condition required six aligmments per trial

o

with only a "go" signal to start, The experimenter explained“:or
the subjects at the'begitming of the session that the bottom half
of the line would remain stationary and the top half would be -
displadéd at random distances. On the "go" aignel E‘ne subject
was to watch the movement of the line and to say "stop" when
he/she thought that the two segments were lined up. Blank trials
were\ inserted t:o‘ check for guessing. On these trials, mc;st: of
the subjects did not ask to have the line mpved .and those who did,
moved it only by one or two thousandths of an inch. -

The individuals in the "feedback" condition were given the
same instructions but after each "stop" si‘gnal from the subject,

- .

the experimenter reported the error of displacement in thousandths

- of an inch.

) ) . &
The "instructions" condition was again differentiated in

two major respects. As in the first experiment, there was a
constant interaction with the experimet{i:er to prociuce an active
analysis of the visual stimulus. Also, as in the first experi-

meﬁt, certain instructions were given at the beginning of the

testing session. Here, the subjects were told to try two basic

atrategiefs of alignment: firstly, to concentrate on the breaking .

' point of the line, and seqon’dly, to scan the entire line from

o
top to bottom. The instructions’ to use peripheral vision and

4

to :¥pt—the eye were also included. After the “"stop" a'iggml,

these subjects were also informed of the extent of error in

,
s

“ -
N
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thousandths of an inch. ) ’
The partially and fully sighted stfbjects followed the same ' ;

procedure in- all four conditions. The number of aligmenta per

trial and the total number of trials were képt constant for the

. ¥ ¥
M 7

.l :
The fieasure for each aligmment in this task of vernier acuity ‘

: s .
was recorded in seconds of visual angla. The same design wis, :

two visual categories.

Results ) o

used to analyze the vernler performance as had been used with
N L 4

the resolution task. A summary of the apalysis of varlance on

the data-is shown in Table 2. As in the first experiment, an ' P

appreciable improvement in visual acuity was effected by the

" three trial method’in the three experimental conditions in only

the low vision category, F (6,64) = 2.61, p < ,05. Figure 2 ~
provides a detailed picture of the data, showing the improve- ~

ment of performance across ti'L‘three trials in each of the three

Y% , .

.. experimental treatment conditions as well as tﬁe lack of improve-

» ment in the° control situation. Once more, Scheffé's post hoc i

—

. .
analysis showed that the individuals in the low vision category .

requiréd all three blocks of trials before their aculty was sig~
T o

nificantly improved, F (2,64) = 39.53, p < .0l. The one ekcep~ »

b

tion was the feedback group, where some extreme scores raised

Al

the mean on Tridal 3.
*

It is possible that the baseline difference between "prac-

tice" only and "instructions" and-YSeedback' is due to the -* -

R .

- * .
: : L
N E
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Anaiyaia of Variance

‘g?( - - Experiment 2 . l _ \

A\

Soutce 88 #0M F
Visual Groups (A) 185260.20 1  185260.20  31.42%
Treatment Conditions (B) ~ 10581.89 3 3527.30 | .60
" Ax B 895210 3 2994.03 .51~
Errory 188676.13 32 5896.13 ’
L8 " rrials (C) ' 10720.35 2 5360.18  7.70%
| Ax C . , 7356.27 2 3678.14 '5.28'**
" “Bxc . 14178.58 6 2363.10  3.39%
| "AxBxC - 10898.13 6 1816.36  2.61%
- . Error,,’ - 444568.67 G4 696 .99
- *p<.05 | - ‘
% p < .01 '
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)

flats knowledge of results in the latter conditions.

,

Sﬁ-nce edch block of trials consisted of six aligmments of the line, .,
\ ‘ i

B ® s

feedback on the first aligmment caused improvement on the subse-

quent five alignmepts in the first block (Tl), thus reducing the

.
- t
-

v -
overall mean. " 4

!
hY r v

i A comparison of Figures 1 and 2 shows that in a vernier

P 4 . - .
task,a subject can resolve much smaller details cj)f the stimulus

4 ¢

than in a‘ resolution situation. Pe'r/formance on a fine visual .

tagk is also improvable over a 20-minute testing session with;:

> .
~ -

. . repeated visual werk,

~
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. * Experiment 3 U
The original intent of this experiment was to determine

whether improvement could be achieved in bjnocular depth percep-

S

tion across the same four experimental conditions as were‘employeél~

. ~

in the first and second experiments. Several problems arose’

during the courge of the research. The'number of bubjecte with

. P
bilateral optic atrophy was sufficlently ahgll as to make theilr
use alone in fulfilling the original intent of the atudy impracti- .

3 ~ N
k! N . - cal, It was found, moreover, that the eye(s) suffering from

optic atrophy could not even locate the rods in the depth-perception
apparatus, let alone make the réquired adjustments. Another 0
b quesfion relgting to erth pergeption was therefore analyzed .

. "~ »  and produéed rather surprising results. The problem under study

became the comparison of monocular and binocular depth percep-

tion with subjects ekhibicié?bunilateraI.optic nerve damage. £

.
4+ ~ . °

Method . -

"Subjects. Eight of the original 20 partially sighted subjects
f
and theilr matched controls produced analyzable data by their per-

formance on the depth perception task, These subjects had been

assigned to the "practice", "feedback", and."inst;uctions" con-

‘i . ., Nditions in the first two experimenﬁe. p

B } . ' N - W
f Y

¥ -
" L Apparatus The only piece of equipment used in this expers-

mental situation was the Howard Dohlman Depth Perception Appara- -~

4 o

) tus, shown in Figute 3.
. .

K4 -
. .
N
-
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Figure 3

The Howard Dohlman Depth Perception Apparatus
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Procedure The Howard Dohlman apparatus, is cﬁnstrucged in
such a way that the subject can, from a distance, align two rods
suspended in the device by puiiing two strings.which maneuver
‘these rods. Data were obtained from eight low vision suéjecta
who sat five feet (1.52 m) from the apperture of the apparatus.
Their normally sighted controls again worked at a distance of
10 feet (3.05 m). In order to provide maximum contrast and

eliminate extraneous cues, the room was totally dark exceﬁf for

4

the, 11t panel at the rear of the Howard Dohldian apparatua.
L 29

The eight low vision subjests and thelr eight controls ‘were

given identical instructions. They were to simply align the two
' @&

erods to be eduidistant from any reference point, i.e., the rear
¢

of the apparatus, the front of the apparatus, the subject's nose,
etc. Six attempts weee made monocularly ué;ng the nonpathological
eye, and six were made binocularly by each subf}ct. No feedback
or instructions were given to any of the 16 individuals, The
measure recorded at the end of each attempt was the displacement
of the rods in centimeters. It should also be noted that the ex-
perimenter set the starting positions randomly and occasionally
1nc1uhed a blank trial ?here the ;ods would be perfectly aiigned \

g

at the outset of the trial.
p \
Results

P

The data produced by the subjects with 20/20 (6/6) vision

merely substantiates the already estab;idﬁed fact that normally

+
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sighted people perform bettey hinocularly on thie sort of depth

/ .
'to those ‘of the normally sighted group. However, when dinocular

. cularly are calculated, and if the differenceg';roduced by the

Joo

4 ¢

perception task. The apparatus used herein is constructed to
minimize the number of monocular cues available to :;e subject,
for example, size afhd brightridss differeances of the rods and reti- 1
nal image change c;used by head movement d?gﬂiﬁigg monotulay
bases’ for depth Judgement with the Howard Dohlman apparatus--thia
scarcity of cues produces the poéi mondcular judgements,

I The subjects with unilateral optic atrophy, when allowed .

#o"work with only the healthy eye, prodﬁced comparable results \

i

v?ewing was allowed, the judgement of depth, in most caaéa, w&%
inferior to the mogocular performance. The individual data are
ghown in Table 3. EFach mean repreaenta the distance batween
the two rods in centimete¥a. Although the individual differences
of the partially sighted gfoup were ﬁot statigtically aigniticant.'
in six out of eight casea there was a aubatant&a% drop in per=-
formance when' the subject was allowed to work binocularly. ‘If

the depth-judgement differences produced monocularly vs., bino-

partially and normally aighted aubjects are compared. a signifi-

cant difference is ptoduced by the two viaual catggoriea. U (8,8)m

8' E<l01l . °

14
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. . Table 3 '
! .
) . -

\ s ‘ b
Monocular_vs. Binocular Depth Perception Perforhance,

medsured by the mean separation of the test rods;, by

.
e Partially and Normally Sighted Subjects

N Stro e Binocular

fl 81 3.8&11\. 409 cm.

82 3-4 cm, “07 cm s

« . PARTI ‘LY 83 ] 2'9 cm., l’ol‘ cl.

STGHTED 54 ,1'8 cm, 2.4 cm.

35 5-9 cm. 9.‘0 Cl.

/. SUB‘{F‘CTS 86 4.3 cm. 6.2 em.

. 87 100 Cs n6 cm.

’ 88' 14.0 cm. 1.1 cm.

e B 8.8 ems’ 1.6 cm.

l 18, . 8.5 cm.. 1.4 cm,

NORMALLY s 8.4 cm. 1.4 cm.

S SIGRTED o 86 708 cm. - 200 'cm‘

) SUB“’ECTS 85 7.4 cm.© 2.0 cm.-

. 86 5.4 cm. 1.2 cm.,

" % 708 cm. 106 cm.

By - &
86 9.4 cm. 1.4 cm.
< *
~ wy

A,
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Discussion
The results of the.first two experiments in.thi; study have
demonstrated that performance on the visual tasks of resolution
and vernier alignmgnt can be improved with extensive visual work.
Post hoc cbmparisona showed that, in both experiments, the indi-
vidu;la in‘the thf:;\egperimantal conditions produced signifi-
cantly higher acuity scores on the third block of trials than

they had on the first block. The sdbjecta in Ehe,conﬁrol condi- A

’ tion, on the other hand, having no opportunity for "visual work"

during the 20-minute perioed, pfoduced,a level performance. .
The experimental conditions of '"practice", "feedback' and

"inatructions' did not have a differential effect on improvement ,

-
'

of performance on either the resolution or the verniear task. The

' difference between "practice", "feedback" and "instructions",

uéen in Figure 2, may e attyibutable to a baseline distortion
due to the immediate knowledge of results in both the "feedback"
and "instructions" conditions. |

In both experimenta, the overall results of the subjects in

" the "instructions” condition were almost iderntical to those in

the "feedback" condition. This point merits some consideratigp.
It may well 39 that a person with low vision, over a certain

period of visual deprivation, develops his/her own strategies

for interprotina distorted visual information. Thua, the addi~

- tional information concerning visual cues given in the 'instruc~

. U

" tions" condition by the experimenter was (Sthar redundant or ‘tn-

r'4
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ferior to the already-acquired strategy system. It must be em-

phasized, however, that partially sight®d subjects were able to

improve their performance with extensive visual work. It appears,
then, that although these individuals may have been previously
aware of appropriate vf;ég} strategies.'they did not use them to
any great extent at'the beginning of the testing session. o
Post—session‘interviewa revealed tﬁe relative subjective,
> importance of the cues suggested by the experimenter to the sub-
jects in ch; "inetructions" condition. In the resoluBon task, *
for example, it had been recommended that the subjects use peri-
pheral wvision if neceesary, that they 8can for brightness differ~
ences in order to locate the ring gaps, and that they rest their

eyes periodically. The interviews revealed that all the partially

sighted subjects, no matter what condition they had been assigned

. ‘to, relied greatly on peripheral vision due to the extensive

central damage caused by optic atrophy. .The normally sighted

group did not use thia cue since they could tely on their precise
foveal visign. Subj&cts in both visual categories found the scan
for brightriesd differences to be an advantageous sgraezay in lo-

cating the positions of the ring gaps. Minally, all the subjects,

whether or not they had been instructed to do so, rested their

eyes once the imageIHEecame blurred.

.

In the vernier exéérimeht, additional instructions had been

given deiling with alignment strategtes.  The subjects in the

"{natructions" éondi;ion had been told to concentrate dn the
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breaking point in the 1line and to scan the line from‘toé to.’_
bottom when making their judgements., Moast of the subjects re=-
ported preference for concentrating their attention on the breaking‘
point in the line rather than attempting to scan the entire lin;
/éop to bottom. For this-task, the low-vision subjects reported
difficulty in keeping tﬁe line in focus periodically, For exam-
ple, one person found that tﬁe bottom half of the line would
sometimes disappear for a few aeéonds. This discouraged the
scanning attempts and concentration on the geparation point
was found to be more effective., Even the normg}ly aighted i;di—

t
viduals reported a preference for the breaking-point strategy,
- »

g

although. it was more common in this group to scan the vhole line
occasionally. |

The important finding in this study was that continual prac-
tice with the visual stimuli is the underlying factor for visual
improvement. This desérves emphasis einc? any type of visual
practice can ihprove perfofmance. In other words, low-vision
.patienta'ahould, as a rule, be encouraged to Lee their eyes and <
not to compensate, for their lack of vision.

The results of this study are consistent with the pre-

- viously mentioned findings concerning\the improvement ‘of beha~-
vioral visual performance in cats (Hubel & Wiesel, 1970; Dews
& Wiesel, 1970). These researchers pgoduegd defectskin viaion
by auéuring the lide of a kitten's eye. The é&e was later

opened and tested for the level of visual efficiency.. Even if

tﬁe eye had ’wen made functionally blind, some visual control

-
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could be éegained by exclusive use of the depniQed.eyg for a

period of time. This was brought about by closure of the nor-
mal eye, thus forcing extensive use of the pathological one.

More recently, Cornsweet and Crane (1973) haffjgyown that it is
possible to improve accommodation abiiitf of nnrma}ly sighted
adults over a three-hour period of visual work. Based on the
present findings, one can infer that an individual with an ex-
tensively damaged visual syastem is*ghpable of improvement in

the analysis of visual information. Although this has been em-
piricaily tested ;nly with optac atrophy patients, it is expected
that the possibility of improvement exists with individuals afflic-
ted by other visual disordera. These have been previously listed
by Bier (1970) and include many disorders involving ret¥inal and
optic nerve damage. Similarly, one can assume that apécific stra—
tegies developed by the low vision eﬁbjects thé;aelves or suggested
by the\expé;&menter and eucceasfuliy implemented b& these sub-
jects may glso be taught to people ﬁpo have their vision restored
after a long perioa of abseqse of visual stimulétion. t

mAﬁ intefas£1n§ thgoretical implication of this study derives

from the results of the third experiment, which examined mono- )
cul;r and binocéular depth perception. The process by which the
two eyes work together has 1oﬂ? puzzled researchers. If one
assumes that the two eyes of a giveg observer are independent of
each other, statistical probﬁbility alone pfedictn the relative
superiority of binocular over monocular stimulpa detectiop

L4

¢

R o s
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- (Hurvich & Jameson, 1967). On the other hand, Berry (1948) ar-

gued that when the images on the retinse are not identical, as
E: , in a depth perception situation, the binocular fusion results in
a sumation effect. This statement implies that the information

obtained.from the heal/chy eye of a unilateral atrophy patient

should remain intact, and whatever additional information is
picked up b} the weak eye should.s:{mply be added to that amount.
However, as shown in Table 3, 'in s8ix out of eight casmes, hinocu-
lar depth perception judgements made by the partially sighted

subjects were inferior to those made by the healthy eye alone.

e

) An analogous .sttuation occure in the perceptual ‘task of ’

; 3 brightness perception. If a dark f£ilter is placed over one eye,
an unequal light stimulation of ‘the two eyes is produced. Here,

3 the bipqgfxlgr b_"f-}fff‘i’_“__ impression differs strongly from that
produced by the "unfiltered" eye alone. In this situatiom, the
added light from theL "filtered" eye produces a darkening of the
field. This effect, known as "Fechner\'; paradox™ appears to be
produced by an averaging of the binocular information (Hurvich
& Jameson, 1967). A similar situation seems to exist in cases

F where extensive damage has been 'done to one eye. Here, too,

there is unequal stimulation of the two eyes, and ﬁze weak eye

L, can sometimes have a detrimental effect on visual perfo'rmance.

" Another comparison to brightness averaging may be d¥awn

on the basis of contour informattQS\ (Levelt, 1965). The subjects

suffering from monocular optic atrqphy were not able to locate

-

- 1
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the two rods in the depth perception apparatus at the same time.
They could however see one blurred rod at a time, thus picking

up some contour infor;xxa,tion with the pathological eye. The

' unequal contours, caused by a healthy eye and a weak one analyzing

the same information, may have produced an averaged .judgement
of depth. ’

An averaging proceas may explain the binocular performance
of the pﬁrtially sighted subjects but if is not reflective of
the binocular depth judgementsyproduced by fully sighted indi-
viduals. Reﬁinal disparity has long been considered the most
significant feature of binocular vision which leads to. depth
perception. In normal binocular vision, the informat:iox.x from the
eyes 1s simply fused into a comple'te view of the visual field.
In a situation wh;re information from the v.isual field 1is being
analyzed by one healthy anc;:me pathological eye, this type of
fusion‘may not be po‘ssible. Since this important binocular cue is
not available, the Subjec;: is possibly relying on‘an averaging
of monocular cues gatlfered by the eyes independently.

If this averaging 1s indeed taking place, any of the mono~
cular cues previously mentioned may serve as its basis, i.e.,
size or brightness‘ég objects or retinal image change ca&se?
by head movement. In ordéy to ascertain that the observed
resx‘xlta are due to an averaging process one would have to
extend the third experimént to examine monocular depth judge-
ments with a pathological eye as we.jll as a healthy eye and then

to compare these two judgements to ohg done binocularly.s This
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comparison was hot posaible in the present context aince the

-

) ¢ aculty levels of the partially sighted subjects were too low
in the pathological eye. If a pathological eye*%dth an acuity

measure of 20/100 (6/30), for example, was Eapable of these

. » .
S . depth judgements, one could then compare the three judgements

and observe;if indeed the binocula% performénce could be ex-

L3

)

plained by an averaging prQZeBa.

b
#
g
'

o It may well be thgf in tlie case of unilateral optic atrophy,
therefore, the use of one eye for the purposes of deﬁch ﬁérceﬁﬁ |
tion may be more effective than binocular vision. Further in-
vestigation is also required concerning ths possibility 9g hm:
proving deﬁth perﬁeption when binocular impairment is present,
In this study, the subjects with binocular impairment found it
imp;asible to 1$ca£; the two rggf aimultaneously‘in the Howard

Dohlman depth perception apparatus. This could be duqa;o the - .

rod separation. Another apparatus may allow closer pésttioning . ,

of two objects moving in depth.

Several questions must ée examined if one is to make reason-
‘able recommendations for rehagﬁlitgtion of impaired vision. ‘It o 2
‘would be interesting to note, first of‘all, what limits exist $
on the time périod.witﬁin wvhich an individual gan achieve appre~ {
ciably higher levels of visual response. Whether a.plateau is
reached and, if so, after what dura;ion of visual work this’would’
occur, requires additional research. Furthermore, it would be
<

neceasary to aacertain the durability of .the visual 1mprovam%pt

given a specific duration of visual work,
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Also, based dn Fond)a'p (1965) recommendations, the iltumination

in the present study was kept at a hlgh level (A2 1264.76 1x). It

o\

" would be interésting to mote whether improvement of a person's vi-

-

sual performance 'in a high~illumination setting would automatically
improge the aculty in\a low—contrast setting. If such was not the
caéer one would then attempt rt:c: show independent improvement of agu-
J‘.t:y( in natural lighting situations. n\“
Additionglly, Burg a96§ffound a high degree of correlation. ’
between statlc- and .dynamic—acuity performance. Dynamic” visual aqu-

. o
ity refers to the ability to discriminate. an object when there is

»

relative movement between the observer and the object. A high cor-
relation between, these measures implies that improveupentc of an indi-
vidual's Iatt(ﬁic acuity would be related closely to imp;ovan;nt in dy-
nat’nic acuity. It is possible that this correlation may break down
with partially sighted subfects. This speculation is based on the ob-
gervation of the‘methode used to perform the vernier task. , Whereas
the normally sighted individuala: dllow the.line to mozre along and atop
it only when they bélieve that the aligmment is correct, thelkpgrtially
sighted subjects tend 'to "freeze the metion" severa?(timea gefore
maklng a final decision. 1In other wofda, they allow the line to move
a short distance, ask the experimenter to stop, aspee.s the degree of
misaligmment, ask the éxperimenter to move the line again, etc. This
pattern was repeated i:hn@.;a or four times in the space of half an inch
before a fiualxdecision'wa's made., It is poas:[ble, therefore, that
dynamic acuity is not measurable in partially sighted subjects.

o

A great c‘leal.of information was also provided-by the subjects

-
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K

.4n this study concerning the degree to which the visual- target

K ’ . - b
v ,

“deblurred" as the subject worked. They would often say "that's

T . better"_\and when asked what they meant, the individuals would re-

e
<
l\
bl
o 2 e e s T T e b

AN 53, ;&»: -

\ . ) port that ‘the target looked "lese fuzzy'" or that it had "cleared up". »
L) -~ .
L . This would’ continue®to a certain point, after which the subject would

-~

\ Yeport, !hurred imaéf.a agaln and the Interpretation of these blurs

> ]
11 - .

would again be necessa;y. This occurred in both the resolution and
t - . LI , o,
_— © vernier experiments, upd it was surprising to note the degree of

responae accuracy, especially in the aligment task, even when the

&ubject reported a blurred image.

0

o

This observation emphasizes the need of concentration on

‘

fine ¥isual tasks in rehabilitation programs. It may well be that, i \

while gris visually—guided‘behavior has been receiving much at- | .

tention, delicate visual tasks have been largely igmﬁ:ed. Based

b
oo
4
"
\"j?
»
\,

o on the results reported herein, fine vision is within the capa-

v

‘bil%y.of the low vision patient and is Indeed improvable.
. ' g \ : ' '
) . © Future research should concentrate on complete testing of .

&

Sy _‘vié?xal-imgrovanent parameters. This requires an improved experi- '
‘ ,mengl paradigm. A possible analogy exists in the fie‘ld of ex-
perimentally induced senso™¥ .deprivation (iubek. 1969; 1973).
. Compagisons‘ have been made between normally sighted subjects,
who have been experimentally deprive‘d of sensory st:imulgtiot}_
y «‘for‘relatively ghort periods of time, and post-cataract patiént:s.

. Jackson (1969) pointed out the 1ogica1 1link between atudies of’

o clinical and experimentdd sensory\deprivation. The catqtact
L S patient.experienceé' reduction in visual stimulation becauﬁe of ' \
: / T
( . . .
¢ . ’
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1

the eye pathology befdée and because of the temporary eye coverinéy

\

following sug@éry. The eventual' return of visual stimulation

causes certa%ﬁ perceptual distortions for both the expérimental

and clinical subjects. The experimental subjects have reported
~ ’ .

two-dimensionality of their environment and impairment both of
L]

~ slze constancy and color%lfrception (Zubek, 1969) These effects

-

have also heen reported by post-cataract patients* (Tanner, 1971).
) Ny
Based on this link between experimental and clinical research, -

inferences concerning the reactions of poat-cataract-patieﬁ;a to
restored vision may now be derived from the studies done ;ith
experimentally induced sensory deprivation. |

A similar possibility exists in the present atudyﬁ;Special
ﬂpeétacles have recently been develop;d, at the Exhall thnge
School in England, which enable the wearer to see the visual
field as would a person with optic atrophy. The existence of
thesge glaasfa,opena the door to ‘many research iheas based on the
fihdings in this ;tudy. Without having to direcgiy study the
visually-impaired population, research may still be carried out
which ex;mines aspects of‘visuaI improvement.

One of the possibilities stemming from this approach is ;
comprehensive mapping of the visual field, Not only would one
be able to test the degree of visual improvement due to exagv-
sive viau;l work or to certain analytical etrategies, but, addi-

tionally, one night examine the locus in the visual field where '

the stimulus is best resolved, the optimal location for concen-
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tration of light, the optimal contrast of'bacgground and atimulus,
eéc. It would also be boeaible to attempt experimental techniques
ﬁhig&‘:re not easy to" implement with patients who, in addition to
‘théir'optic atrzg?y, gre aufferghg from a diaease such as multiple
.~ s8clerosis. For example, one would ideéally want to restrict move-
ment of the suﬁject'a hegd and to require fixation on a given tar-

L .
get. This is not a procedure that-call be easily employed with

R R A L

. the above-mentioned patiehts. Another requirement, based on the
findings of this study, would be to examine the effecﬁa_of 10&&-

term visual work! i.e., several hours va. our 20-minute period.
) & e ’
; X This is also not a recommendable tactic to employ with multiple

i . ; Vscleroeia patients, dué to the effects of fatigue on their phy-‘
'sical condltion. | ~
The ,Elﬁlts of this and previous research have'ahown that
visual thresholds may, in effect, be lowered in both partially . S A
and normally sighted human éubjedta. The clinical acuity

studied herein is open to criticism since, as Westheimer (1965)

AR it L L
N

pointed out, it is a rea;rid%iva'\tudy of an individual's visual

-~ i

capabilities. On the other hand, it is specifically this kind

of reptriction that permits more detalled analysis of the fac- '

-

? . tors influencing visual respense and possible changes in an, in-
dividual's visuhl performance on a given task.
The compensatory mechanisma which come into play within

the impaired visual system may be physiological or paychological.

There is, for example, an increased reliance on geriphgral viaion
) : N

7 -,
. ]
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which must support, if ngt replace, the damaged central rece/ﬁ-

tive field. It 1s also possible that the improved visual ,n/c/:uity'”

even after a 20-minute working period, is élue to a atronger re-

ceptor—co@of transmission. An interesting poaaib;lity for

reseazl'ch would be to inveatigate whether weak optic ;mrve fibara

recover to any degree with concéntra;ted yiaual work. It 1s,a1;:

possible that thée cause of visual improvement is net a stronger

response from the atrophied fibers of the optic nerve but rather

a stronger response from healthy fibers which may have B;coma s

"lazy" yich thé onset of mpairedy viston., Extenaive visﬁal

work may evoke stronger responses from these fibers which pre-

vioualy have not been pushed to -their full capacity. -
On the other hand, the improvement of visual reaéonae may ~

be Aue to a mofe efficient information proceauing techniqu? em-

ployed by ‘tha,aubject. It may v;ell be that extensive practice

with a limited .amount of visual information enahles the subject '

AY

w° develop strategies of analysis /’t:o extract relevant cuea from
hie retinal image. The individual may discover sallent faat:ure’s“
of given retinal images which would provide a basia,for the de-
tection, recognition, resolution, and lt-)calintibn of the @hrgata
to which they correspond. . ’
There is some evidence to support both posaibilities. The
reported "deblurring” of the vi;ual\ stimulus may be due to a

physiological mprovamoni. vherein a stronger receptor-conductor

transyission is taking place, On the other hand, the interpre=
L

tation pf blurred images seems 3 be based on a more sophiati-

¢
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cahed analysis of the visual 1nformation.

Specific identification of the compeneaéoty mechanisms em-
ployed by an 1nd1vidu&1 with limited viaualﬂcapncities remaini )
‘the task of future teaearcht The significaﬁt results of this
atudy ntret;gthen the argument E',‘it the visual system 18 not

harmed by extensive use and provide a basis for further inveatiw-

gaﬁion concerning the improvement of impaired and normal vision.

W
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Appendix A
- | /
Q
Raw Data .
s . 1 4
Experiment 1
) Instructions Condiﬁion !
h ) )
s 20 17 17
s, 3% 30 10
PARTIALLY 5, . 5 3.5 2.5
SIGHTED s, 11 17 12.
SUBJECTS "
. .8 25 . 17 12
- 5 ) '-# e PN
]
‘ 8,/ 1.5 1.0 1.0
s, 2.0 1.25 1.0
NORMALLY 8,y - 1.0 1.0 1.0
SIGHTED 8, 1.5 1.0 1.0
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Raw Data

- ) - Experiment 1 !

— '
) - Feedback Condition
Av-'. h ’

-4 . ¢ . "-rl_. -T‘g.

50 40

A
S

25 12
:. PARTIALLY ¢ 10 .
4 °*  SIGHTED 9’
SUBJECTS ’

s. / 4.0 1.5

NORMALLY , 1 ;

. .8 1, 1, )

stearep -/ 2 i
/

s 1.5 .5
sudgects - ./ *

s / L
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L //
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‘ - Raw Data C
. o s . Experiment 1 . \l" )
: ' . .
Y " Practice Condition . ’ 4
(. Lo o : : {
‘\ . g : . * ' R T .
! . k3 oo Ty
W ! o .

Lo $ - 8 61 - 6
I ‘ §,° 20 7. W

PARTIALLY 2. s R

. 3
STGHTED g 7 12 1 g C -
“. SuBJECTS . - - : C e , L
. S a4 * 12 T R .
LY , v
\ v ~ e ] ‘
. s 12 1a 1.0 . - ;
‘ . 5, 2.5 1.5 1.25 ' ;
- NOMALLY: A e
L 8 1.5 ©1.25 1.0
“SIGHTED .
. 8, 2.0 '\‘1.5 = ]‘.s ¢
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T ' S, . 1S5, - Tla2s 125 0 C
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Raw Data

ﬁxperhment 1

Control Condition

T

2 2
70 70
25 . 25
’ 4
Y 4
20 ﬁui\'zo
1.5 1.5
1.25 1.25
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L LS s,

1.%s

1.25
1.0

31.5

¢ 1\5

E 4

¥

" i SRR T A I R SR

oo

5




/ Raw Data . .
] R} ‘. ‘
Rxperiment 2
! !
& _Iﬁno't:ruct:lons Condition
et T \ T T
1 2 3 4
1 ) 8 55" % a0 oar »
PR PR $ 145" "62" ‘
. P ALLY . '83 14" 10" . ‘3"
vl . . ! SIG“TED ] 84 100" 72" ) 28“
| SUBJECTS o g, 179" 124" 34" /
-, . ) R |
4 }
3 ' ’ ‘ .
' 8 LR L § A 10"
6. - ‘ .. :
RS , 8 4" w9 *
NORMALLY _ @ T L . “
) . ( . 83 LU " , 3" i L
> ..  BSIGRTED ) ‘ . . s |
» [N s‘ N 3" ‘ 5" 3" ‘ . ;s ‘ {
K ~ . SUBJECTS S ' ‘ |
q o , . 85 10" 101:‘ 7u \ ' . :
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Raw Data
i Experiment 2
: Feadback Condition © -~
3 ch o h
’ " "
§ ; . o 8, 276 69
- , 8, 10" u"
: PARTIALLY :
i 8y L/ L § 1
; SIGHTED
\ 8, 24" 2"
v SUBJRCTS
; 8¢ 66" 55"
/ ’ 1] "
. s, 40 29
8, 3" 28" .
NORMALLY . ’
8, " 14"
o N\ SIGHTED S
_ s‘ 3" 2\\
Lo v SUBJECTS .
8 7\! 3"
5 ) -
T
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SUBJRCTS

Raw Data

Experiment 2- /

Practice Cond}éion

|

-

27"

179"

52\\
159"
196"

22“

g
14"
19"
L

.4

48"

90"
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. 69“

69“
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16"
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J/ Appendix B . “

Instructiona to Subjects

Experiment 1 -

e A
/—'—_\

Instructions Condition:

.

T, = "I would like you to read this chart by telling me where
the gaps in the }inga are,iocated. "Read it like a clock
face; in other words, fof each ring, tell me what time
it is. Bef?re you begin, I have a few things to tell you
about thia}task. Past research has shown that people who .
have a lot of damage in their central vision, as you do
(for the partially sidhted subjects), find it helpful to
work wi;h—;eripheral vision. In other words, &ou may get
more information about any one of these rings by lookins
at it out of thc corner of your eye than you would gy

‘ looking atraight at it. Also, in thia situation, you
know that there are two gaps 1n‘eagh of the rings. 8o
ev‘g if you see a biurrad'imag. you might try looking
for a brightness difference somewhere on the ring--thia
will probably correapond to the gap. Finally, I would
like you to rest your eye if you feel that you're straining

te."

VO

T, - "Please read the chart axl;n. doing the same things

suggested before." Lo ” '

~
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~ '"Plegase read the chart again, doing the same thinga

H

suggeated bdefore."

(
@

Feedback Condition: ‘ | .

T, - "I would 1like you to re;d this chart by telling me where
thé gaps 1in the rings are located. Read it lik; a clock
face; in other words, for each ring, tell me what ‘time
it is. After each line I will tell you how many corr?;L

and incorrect reaponses you made." )

v

T, - "Please read the chart again. After each line, I will

again tell you how many correct and incorrect responses

you made." ' //)

T, - "Please uﬁ‘a the chart again. After each line, I will
. . 2)'
again tell you how many correct and incorrect reué&naol .

“you made." : '

>

Practice Conditio {/ -

fate; in other words, for eac ring, tell me what time
¢ \ \h .
it Ys. You will continue to r&%d the designated lines
until I tell you to utop;
i w/
"Please read the chart sgain," /
B L ] N

"Please read the chart gain,"

.
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Contral Condition! l . .

T, - "I would like you to read thia chart once by telling me
’ ' ]

= .
vhere the gaps in the rings are located. Read it like

. ‘ a clock face; in other words, for each ring, tell me

) what time it is,,
o . \
T, - "Please read the chart once again." .

-

> Ty - "Please read the chart once again.ﬁ

t ! . . o 7 , -
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Irfstructions to Subjects . .
Experiment 2 »x%‘*‘
) i\;:
Inatructions Condition: \ . @ 4

!
’:"t&

< ™
N e
%ﬁ,‘,: s

3

Tl - "In this situation we wtll be working with this black

¢

5

line. The bottom half of the line will remain stationary

and I will move the top half of the line a certain dis- 4 i
) tance at the beginning of each trial. Your task 1s to . a;!
/ § '4

- 1

watch the tc;p half as 1: moves and tell me when the two /
halves have lined up ag.in. You may try looking at tbe
line periphetally if you find that this helps your udge-
ments. Anothe{ :jrategy is to concentrate tp/(he breal;-
1ng-poim: of the line as it moves—-this te/ ds to center
your attention in the area of q}‘ignment. Of course,

o there i8 the other possibility of/acanning the entire

’ line top to bottomr. I would )/4 yov.; to try all these

atrategies apd tell me 1a er which one you preferred.

I£ you feel that you /u'e straining your eye. relax

, ) for a few secohds, t:hen try again.," T ~- -

: S )
T, - "We will do t%‘i.llg"hmeﬁ‘t six more times. Please keep

in mind the instructions which you were given before.

/ ,
) T, - "We will do the aligmnment six more times., Please keep
/

in mﬁ\d the instructions-which you were given before.
P e

t

/ " | '
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A

Feedback Condition:

. S~ .

L = "In this situatiBn we will be working with this black
line. The bottom.h;l‘f of the line will remain statlonary
and T will move the tép hgl’f of the line a certain dis-
tance at the beginning of- each trial. Your tagk is to
watch 't:h_e top half as it moves and-tell me Qhen the two -
halves have lined ’up again. ‘Aft:e‘r each judgement on

your part, I will tell you how far "off center" you were

/
/

in thousandths 6& an inch." : ‘

T2 - "We will do the align;xent 8lx more times, I will again
tell you ho% far "off .center" you wer? in thousandths

of an inch on.each trial." ~ ' -

T, = e will do the aligmnment six more times. I will again.
8
tell you how far "off center" you were in thousandths -

-

. of an'inch on each trial."

Practice Condition:

13

]

T - "In this situation we will be v;orking with this black
‘line, The bottom half of the line will remain gtationary
and %v'l;]_.l move the top half of the line a cartain dis-
tance ‘at the beginning of each trial. Each t:l.me. I say
"go", you should watch the line movement and say 'stop"

when you think that it has lined up."

T, = 'We will do the aligmnment aﬁimo;g,,timea. Please follow

the same instructionssas before."

i
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»n

- + . ‘ L ‘\ '

. '1.‘/3’ - "We will do the aligmment six more timea. Please foMow / s
. @ - .

the sdme instructions as before."

4 L

. ~ -
Control Condition: . %/ e

T, * "In this situation we will be working with /this black . |
, line. The bottom half of the line will remait:‘atatioﬁary ’ . ‘

and I will move the \top half of the 1ine a certain dis-

. ’ tance. Your task is to watch the top half as it moves ° " : |
L ' . and tell me when the two/ halves have lined up again.
! ’ ~ ° l ’ )
. ! Ty = "We will do the alignment once more. - Please keep in
o ) F

' nind the instructions which you were given before."

T3, = "We will do the alignment once more. Please keep in

- ‘ mind the in'strut_:tiona which you were given before."

.
b 3
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