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PREFACE

This is one of the special methodological
studies carried out during the first cycle of the
Health Examination Survey program of the U.S.
National Health Survey to calibrate certain of the
tests and measurements used in the standard-
ized special health examination of the Survey.

Adequate data were not available on the re-
liability of some of the tests used or on the com-
parability of test results with those obtained by
other frequently used methods which were not
practical for this Survey. Such information was
needed to evaluate examination findings—to de-
termine the actual extent of variation existing
within the population tested apart from the vari-
ation due to the measurement devices used.

The measurement of visual acuity was one
of the areas in which such a calibration study
was needed, Since the examinations had to be
conducted uniformly by a number of different
examiners in a limited amount of time and in a
space too small for testing with the usual wall
charts, it was necessary to use a portable meas-
uring device, The instrument selected was the
Sight-Screener. However, the vision test in the
Survey was intended to provide a measurementof
sight across the entire scale of visual acuity,

rather than just a visual screening, Information
was lacking or inadequate on the comparability
of measurements obtainable from the different
Sight-Screener instruments used and on thecom-
parability of the Sight-Screener test results with
those obtained from a standard wall chart,

For these reasons, the U.S. National Health
Survey contracted with the Pennsylvania State
College of Optometry to conduct a calibration
study on the Sight-Screener instruments, Dr.
Vernon I, Ryan, Assistant Professor of Optom-
etry, directed the project which was carried out
in the Eye Clinics of the College and provided
consultation in the preparation of this report.
Arrangements were made with the Wilmer
Ophthalmological Institute of the Johns Hopkins
University for the use of an improved Smellen-
type chart developed by Dr. Louise L. Sloan at the
Institute.

The design used in the study was developed
by Donald Loveland, who was assigned to act as
liaison between the Pennsylvania State College of
Optometry and the Health Examination Survey
Branch during the data collection phases of the
study.
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COMPARISON OF
TWO VISION-TESTING DEVICES

INTRODUCTION

This report presents the findings from a
research study of visual acuity testing conducted
by the Pennsylvania State College of Optometry
under contract with the U.S. National Health
Survey.

The purpose of the study was:

1. to determine the comparability between
the test results that might be expected
from the two American Optical Company
Sight-Screener instruments used in the
first cycle of the Health Examination
Survey, and

2. to obtain information on the compara-
bility of results from the Sight-Screener
instruments and an improved Snellen-
type test on a population whose visual
acuity was no better tham that which
might be expected in the general adult
population reached through the f{first
cycle of the Health Examination Survey.

Relevant Research Findings
Sulzman, Cook, and Bartlett! investigated the

reliability of visual acuity measures obtained
from several screening devices, using as sub-

This report was prepared by Jean Roberts of the .S, National
Health Survey staff.

jects 128 naval personnel and others from the
New London Submarine Base whose visual acuity
tended to be normal or near normal. In their
study, the test-retest reliability of the Sight-
Screener was found to be slightly greater than
that for commercial Smellen-type charts but
slightly less than that for an improved Snellen-
type chart developed at the Base,.The reliability
of measures of acuity for distance vision ex-
ceeded those for near vision.

The relationship between results from the
Sight-Screener and from clinical tests was as-
sessed by Fonda, Green, and Heagan? among 41
aviation medical examiner students from Randolph
Field, In their study, the determinations of visual
acuity using the Sight-Screener did notvary more
from the determinations utilizing clinical tests
than the clinical tests varied among themselves.

The comparability of visual acuity test re-
sults is dependent upon many factors. The effect
of illumination of the test target on visual acuity
has been demonstrated in investigations of
Lythgoe,? Hecht,* and many others. These studies
show that, within a middle range of luminances,
visual acuity is directly proportional to the log-
arithm of the luminance when the contrast be-
tween test object and background remains con-
stant. Low luminance exaggerates the effect on
acuity of uncorrected errors of refraction, High
luminance minimizes the effect of errors of
refraction. Cobb and Moss® and Ludvigh® showed
that acuity increases with increasing contrast



between target and background. In her review of
the research done with measurements of visual
acuity, Sloan’ concluded that, on the basis of
available research, the best test situation exists
if the contrast is at least 84 percentand when the
background brightness is maintained constant
within the limits of about 12 to 18 millilamberts
(11 to 17 foot-candles).

The selection of the ''end-point'’ or criterion
for scoring the tests will also affect the meas-
urements of visual acuity. A number of studies,
including that of Lythgoe? and others, demon-
strate that a more accurate measure of visual
acuity is obtained at the normal illumination level
if the standard of at least 7 out of 10 correct
answers is adopted as the criterion of being able
to see (read) the test object.

STUDY DESIGN

Visual acuity for near and distance vision
was determined by the Sight-Screener and by
Sloan Charts (improved Snellen-type charts de-
veloped at the Wilmer Institute) for each person
in the study group during the 3-month period
from June 19 to September 18, 1961. The tests
were administered without glasses, and then the
appropriate parts were repeated if the examinee
wore glasses and had them with him.

The order of administration of the tests was
randomized so that it would be possible to assess
the effect that eye fatigue and other factors
might have had on the two visual acuity test
series. The Sight-Screener was used first on
>ven-numbered days and the Sloan test first on
odd-numbered days. Numbers were assigned
examinees in the order in which they were ad-
mitted to the project. The distance tests were
administered first for those with even numbers,
the near tests first for those with odd numbers.
For any particular subject, the near-far order
was the same for both Sight-Screener and Sloan
testing. Right eye, left eye, and binocular acuity
were always measured in that order. Subjects
wearing glasses were tested first withoutglasses
and then with the glasses.

Two Sight-Screener instruments from the
National Health Survey were used in the study.
Instrument "A" was used at the start and through
the first complete week of the project. Instru-
ment "B" was used during the second and third

weeks, and the instruments alternated biweekly
thereafter. Because of the large number of vol-
unteers available in the early stages of the proj-
ect, three-fourths of the group were tested on
Instrument A and one-fourth on Instrument B.

Different examiners administered the Sight-
Screener and the Sloan tests for a given subject,
In all, 21 examiners were used during the study.
With the exception of the project director, who
also did some of the testing, none were assigned
for more than a 2-week period. In this way, it
was possible to minimize measurement variance
attributable to any one examiner.

Preprinted record cards, containing the test
letters at each acuity level for the Sight-Screener
and Sloan tests, were used for recording the test
results (see Appendix I)., These contained sep-
arate sections for near and distance vision as
well as for tests with and without glasses,

A maximum of 24 tests would have been
given a subject who wore glasses for near and
distance vision,

DESCRIPTION OF TESTS
AND CONTROLS

Sight.Screener

This instrument uses the stereoscopic prin-
ciple to achieve the optical equivalent for dis-
tance in testing visual acuity. Near vision is
tested without the interposition of lenses.

Monocular visual acuity is measured under
conditions of binocular seeing. Both eyes view
the illuminated slide with vectographic lettering
but only the eye that is being tested can see the
letters. This is achieved by means of polarized
light and polarizing screens near the lenses of
the eyepiece, In addition, monocular acuity is
tested in such a way that the subject is unaware
of which eye is being checked. With the sup-
pression test (see the last line of figure 1) it is
possible to determine before starting the acuity
testing whether the vision is substantially poorer
in one eye than the other, Use of the monocular
occluder over the better eye for such persons
prevents any possibility of overrating the acuity
in the poorer eye in these cases. However, oc-
cluders were not used in this study so that it
would be possible to obtain information on the
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Figure 1. Sight-Screener farget.

circumstances under which this overrating may
be expected.

Identical targets are employed for the opti-
cal equivalent of distance and for near vision;
but the lines for testing the right eye, left eye,
and binocular vision differ (see the top three
lines in figure 1).

With the tests of near acuity, the target is
14 inches from the eye and about 20 degrees be-
low the primary position. The far target is at
the optical equivalent of 20 feet simulated by
means of lenses. The headrest and mechanical
positioning of the eyepiece make it possible to
maintain the target distances consistently.

Since the Sight-Screener is essentially a
screening instrument, it does not provide for the
measurement of visual acuity at as many levels
as are usually represented on a good wall chart
or near-test card, The acuity scale is coarse for
the poorer levels, ranging from 20/200 down to
20/50, since there are only four steps and few
letters; but it has five steps within the range for
better acuities from 20/50 to 20/10 (see Appendix
I). Only one letter is provided for testing at the
20/200 and 20/100 levels, two letters at 20/70

and four letters at each of the other levels. The
design of the letters follows the Snellen principle,
without the serifs—the height or width of the
letter being five times the width of the lines in
the letter.

To 'pass'" or be able to read a particular
level no errors are allowed in groups withone or
two letters and only one error is permitted in
groups of four letters. The visual acuity level
reached corresponds to that for the group of
letters farthest to the right which the examineeis
able to read with no more than the allowable
number of errors,

Sloan Charts

The improved Snellen-type near anddistance
charts used in this study were those developed
by Sloan®atthe Wilmer Ophthalmological Institute
of Johns Hopkins University.

The charts utilize 10 capital letters—Z N H
R V K D C O S—designed in accordance with the
Snellen principle, except that serifs are omitted.
Experimental evidence indicatesthattheseletters
are about as nearly equal in legibility as can be
obtained when simple capital letters are used.
Moreover, the average difficulty offered by these
letters has been shown to be equalto the difficulty
in visual resolution offered by Landolt rings
having breaks at horizontal and vertical loca-
tions. Hence, these letters meet the recommen-
dations made by the Committee of Optics and
Visual Physiology of the American Medical As-
sociation in 1916°and again in 1930.19 Six of the
10 letters are the same as those on the Sight-~
Screener targets, while 4 differ.

Specifications for the size of letters on the
Sloan Charts, as well as the Sight-Screener tar-
gets, are shown in Appendix I. On the Sloan
distance charts there are 13 gradations in letter
size for the range from 20/13 to 20/200 (fig. 2).

The Sloan near chart provides for measure-
ment at 14 levels from 16/12.8 to 16/256 (cor-
responding to a range of 20/16 to 20/320 in the
notation for distance testing).

To "pass' or be considered able to read at a
particular level no more than 3 errors were
allowed if the line contained 9 or 10 letters and
no more than 2 errors if there were 5, 6, or 8
letters. For lines with 1, 2, or 4 letters, the
same criterion was used for scoring as in the
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Figure 2. Sloan distance chart.

Sight-Screener tests. The visual acuity level
reached corresponds with the line farthest from
the top of the chart which the examinee is able
to read with no more than the allowable number
of errors,

Target illumination was maintained within a
range of 12 to 18 foot-candles on both near and
distance charts throughout the study.

The far target was at a distance of 20 feet,
that for near vision at 16 inches. While the near
target distance for the Sloan test differed from
that in the Sight-Screener, appropriately scaled
near targets were used for each so that the test
results would be comparable. The device which
supported the near Sloan target at the standard
distance contained a chin rest and occluders
which could be moved so as to cover the eye not
being tested (fig. 3). The metal backing on which
the near target rested was curved so that the en-
tire card would be roughly 16 inches from the
eye in normal position.

With these charts, the same target was used
for testing the right eye, left eye, and binocular

vision. Targets for near and distance vision
differ.

4

Figure 3. Sloan near target mounted.

THE STUDY GROUP

The study group consisted of 502 English-
speaking, literate adult volunteers ranging in age
from 17 through 79 years with a wide range of
visual acuity. They were selected from the
patients of the Eye Clinics at the Pennsylvania
State College of Optometry, friends and relatives
accompanying the patients, and the staff of the
Eye Clinics, during the 3-month period from July
19 to September 18, 1961, Clinic patients were
given the test batteries in the study beforeunder-
going their regular examinations in the clinic.
Only those persons who had no obvious handicap,
such as an inconveniencing infirmity, lack of in-
telligence, or language barrier, were admitted to
the study. The presence of an ocular pathology
without discomfort did not bar acceptance.

While no attempt was made to select a ran-
dom sample of the adult population under 80
years, the group did include a substantial number
of persons throughout the entire age span and
over the range of visual acuity of concern in the
first cycle of the Health Examination Survey, The
age-sex composition of the group is shown in
table A.

Sixty percent were of the white race (table
1). Proportions of men and women aged 45-64
years and of nonwhite women aged 25-44 years
were slightly larger thanmight have been expected.



Table A. Number of persons and percent distribution of study group, by age and sex
Age Total Male Female
All ages==-==m=-mm-—m--mm—m—me oo 502 238 264
Percent distribution
Total-==ememem e m e e 100.0 47.5 52.5
17-24 yearse=emmmemcrr oo cc e e 11.0 6.8 4.2
25-44 years---==-=--mememce e e — e ——— e 34.9 13.4 21.5
45-64 years-==-m-mmmmm—mee e e e a e 41.3 20.9 20.4
65-79 years--=-====mmmemcmecc e emmemmme oo 12.8 6.4 6.4
Fifty-six percent of the group (282 persons) FINDINGS

were tested with and without glasses. Nearly
three-fourths of these persons (205) needed a
correction made in their lenses. The remaining
220 persons were tested without glasses only.
Roughly one-third of these persons were in need
of glasses for either near or distance vision or
both.

Among persons under 45 years of age, 60
percent were found to have uncorrected binocular
distance visual acuity of 20/20 or better on both
tests, the proportion dropping to less than 10
percent for those 65 years of age and older (see
table B and tables 2-5).

Comparison is made here between test re-
sults from the two Sight-Screener instruments
for groups of subjects tested under identical con-
ditions and between Sight-Screemer and Sloan
scores for the same individuals on comparable
tests.

For making these comparisons, visual acuity
was expressed in terms of the size of the visual
angle in minutes subtended by the optotypes—the
width of the lines in the smallest letters read
correctly in accordance with the study criterion.
Averages were then converted to decimal or to

Table B. Proportion of the study group with normal binocular vision without glasses,
by age
Acuity test 17-24 years 25-44 years 45-64 years 65-79 years

Sight-Screener

Distance--=m-===-ceccacnn- 60
Negrewe=rermrermemcccaccacan" 72
Sloan
Distance~-=-==w==c=cecemo- 62
Near----===cccccrcnccraeax 69

Proportion with 20/20 vision or better

65 37 2
49 1 2
64 37 9
58 3 2




Snellen notation in the text tables presentedhere.
The decimal values shown are the reciprocals of
the visual angle measurements. The more com-
monly used Snellen fractions give in the numer-
ator the distance of the test target from the ex-
aminee. The denominator is the distance atwhich
the particular line (or block of letters) should be
read correéctly by a person with normal vision.
Scores of 2.0, 1.0, and 0.5 minutes (visual angle
size), for example, would be equivalent to scores
of 0.5, 1.0, and 2.0, respectively, in decimal
notation and to 20/40, 20/20, and 20/10, respec-
tively, in Snellen notation.

Persons whose visual acuity was less than
20/200 on a particular Sloan or Sight-Screener
test of near vision were excluded from both
comparable test parts, since this was the lower
limit measurable with the Sight-Screener targets.

Instrument Differences

Determination of the reliability of the Sight-
Screener instruments, as measured by the com-
parability of scores attained on two of theinstru-
ments used in the Health Examination Survey,
was one major concern of this study.

As indicated in the Study Design, three-
fourths of the group were tested with Instrument
A and one-fourth with Instrument B, Eachofthese
was further subdivided into four groups according
to which tests were given first—the near or far
and the Sight-Screener or Sloan. (See tables 10-
13.)

Fatigue does not appear to have affected the
test results appreciably for those tested on either
instrument. In general, scores attained on the
Sight-Screener were no better when that battery
was given first than when it followed the Sloan
series. Similarly, subjects did no better on the
first mear or far test than on the second com-
parable test regardless of whether the near or
far battery was given first.

An indication of the comparability of scores
attained on the two instruments is shown in table
C and figure 4. Visual acuity scores for persons
tested on Instrument A did not differ significantly
from scores attained by those tested with Instru-
ment B on any of the 12tests—monocular (right
and left eye) and binocular, near and distance
vision with or without glasses. The differences
between average scores shown here is no greater

6

than would be expected through chance alone in
samples of this size. It may be seen in figure 4
that the distribution of scores obtained on the
two instruments is similar.

Sight-Screener and
Sloan Test Differences

The second major purpose of this study was
to obtain information on the comparability be-
tween Sight-Screener and Sloan test results for
a population whose visual acuity was no better
on the average than that which might be expected
in the general adult population to be reached
through the first cycle of the Health Examination
Survey.

To do this it is necessary to take into ac-
count the fact that measurements of visual acuity
are affected by a number of external factors not
all of which are directly related to the compara-
bility of the Sloan and Sight-Screener tests. Re-
call of identical lines on the testtarget, the effect
of practice, fatigue resulting from taking two
tests in sequence without rest, and differences in
the test targets are some of those which need to
be considered,

Recall and practice. —As mentioned pre-
viously, the near and far targets for the Sight-
Screener are identical, although the lines for
testing the right eye, left eye, and binocular vi-
sion differ.

If recall of the target letters substantially
affected measurements on these instruments,
acuity scores would be better on distance tests
for those given the near tests first and omn the
near tests for those given the distance onesfirst,
provided this occurred in the absence of similar
results on the Sloan. This assumes that the sub-
ject recognizes the letters he was able to recall
from the first test more quickly the second
time he sees them and, hence, would havetime to
resolve letters further along on the target within
the normal test time limits, Comparison is made
here only on tests given without glasses since
these were the series given first in each battery.

Average scores for the subgroups in the
study. as shown in table D, indicate the possibility
of recall or some other factor affecting results
on the near tests given without glasses—for both
monocular and binocular vision. The near un-
corrected acuity on the Sight-Screener, but not
on the Sloan tests, is significantly better on the



Table C. Average scores on Sight-Screener and Sloan Tests for groups in which Sight-
Screener Instruments A and B were used

Sight-Screener A Group

Test?2

Sight-Screener Sloan

WITHOUT GLASSES

Distance vision

Monocular===--memcr e r e e a -

Binocular------=cemcccmccc e n e

Monoculatr=-m=rececmrecamccce e —————
Binocular---=-~crmmemrmcemmm e e
WITH GLASSES

Distance vision

Monocular=====mmemccrcrnrc e e —————

Binocular-~-==e-memmccm e m e

Monocular=======-=c-cmemccacaeaean

Binocular-==m=eecmemm e e

Sight-Screener B Group
Sight-Screener Sloan
.38 .43 b 42
.46 .52 .53 .54
.27 .32 .25 .28
.33 .35 .27 .29
.67 .66 .73 .78
.81 .85 .89 .99
.60 .58 .61 .59
.72 .70 .65 .65

18cores given in decimal notation.

2Monocular tests are those in which the right eye and the left eye were examined separately. The results were combined for

this and subsequent tables unless otherwise indicated.

average for those given the far tests first than it
is for those given the near tests first. While a
similar pattern may be seen with the Sloan
scores, the differences are not statistically
significant,

Average uncorrected distance acuity scores
when the near tests are given first do not differ
from those when the far tests are given first any
more than would be expected through chance
alone. Consequently, the Sight-Screener tests do
not show any consistent evidence that recall has
affected the results here,

The possibility of recall also exists on the
Sloan tests, since the lines for the right eye, left
eye, and binocular vision are identical. If learn-

ing the target letters substantially affected the
scores, there would be a consistent increase
from the right eye to the left eye to the binocular
scores on the Sloan tests in the absence of a
similar pattern or to a greater extent than on the
Sight-Screener scores for the same persoms.

Table E shows a systematic improvement
in average scores on the successive types of
test. However, the differences between the cor-
responding Sight-Screener and Sloan scores are
insignificant; hence, recall does not appear to
have appreciably affected the Sloan test results.
Instead, the pattern here may indicate an im-
proved score resulting from practice in both
tests.
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Figure 4. Percentage distribution of binocular visual acuity, in decimal notation, on Sight-Screener Instruments A and B.

Fatigue.—The administration in sequence of
two complete visual acuity tests to the same per-
son without rest might be expected to produce
fatigue, although available experimental evidence
would indicate that the series used in this study
are probably not of sufficient length to do so. If
this factor did in fact affect the scores, the study
group could be expected to perform better on the
test battery given first,

Average scores for distance monocular vi-
sion, uncorrected, on the Sloan tests exceeded
those on the Sight-Screener regardless of which
battery was given first (table F). Onthe binocular
distance tests without glasses, the group given
the Sight-Screener test first did better on the
Sloan. Only on the distance binocular tests with
glasses did the group given the Sloan tests first
do better on their first than on their second
comparable test.

8

Half of each of these two groups-those
given the Sloan first and those given the Sight-
Screener first—started with the near tests and
half with the far tests. In the foregoing compari-
son, the effect of fatigue may have been masked
when those starting with the near tests were
combined with those who started withthe distance
tests.

If these persons are now separated andcom-
parison made between Sight-Screener and Sloan
scores for the appropriate subgroups, the sub-
jects tended to do no better, if as well, in the
tests which they took first than they did on the
comparable tests parts administered later (table
G). Even scores on the binocular distance tests
with glasses do not differ more than would be
expected through chance alone in samples of this
size,



Table D. Average scores attained on Sight-Screener and Sloan Tests for those given near
tests and those given far tests firstl
Average score on
Test Sight-Screener Sloan
Near first Far first Near first Far first
WITHOUT ELASSES
Distance vision
Monoculare==m==eeeeesm e e e mm— e .39 .40 .43 42
Binocular======mm-emcmccmc e n e .49 47 .54 .51
Near vision
Monocular-==rmeeene e e e e e .25 .29 .29 .30
Binocular-=-=--re-mmmcamm e .28 .35 .31 .35
WITH GIASSES
Distance wvision
Monocular----=re-cemmme———— e ———— .72 .65 74 .64
Binocular-=-=m===mmmcec e cmem e e e .86 .81 .98 .79
Near vision
Monocular-====-mecemcccmcn e n e .57 .62 .55 61
Binocular-~==r=mrmecencccecamaaean .70 .69 .71 .66

I5cores given in decimal notation.

Consequently, fatigue does not appear tohave
affected the test results substantially, These find-
ings are consistent with those of Rabideau'! who
found that fatigue did not affect testresultsin se-
ries of tests consisting of eight different targets
each presented 20 times in succession without rest,

Test targel differences.—The effective il-
lumination and target-background contrast were
within generally acceptable limits for both tests.
However, two essential differences do exist be-
tween the targets which may account for the
slightly better scores on the Sloan than on the
Sight-Screener. At each level, the Sloan charts
provide more letters for practice—10 letters
each for more than half of thelevels as compared

with a maximum of 4 letters for the Sight-Screen-
er, Also the Sloan letters are more nearly com-
parable in difficulty than are those on the Sight-
Screener targets,

Test comparison. — Assuming that the Sight-
Screener and the Sloan tests are measuring the
same aspects of visual acuity in a similar man-
ner, scores attained on the two tests by the same
individual should differ only by chance, other
factors being equal.

It has been shown that for persons in this
study, recall of the test target letters and fatigue
have not affected test results appreciably. Yet,
scores attained on the Sloan battery tended to be
slightly better than those on the Sight-Screener.



Table E., Average scores attained

on Sight-Screener and Sloan Tests for the right eye,
left eye, and binocular vision!

Average score without

Average score with

glasses glasses
Test
Distance Distance
tests Near tests tests Near tests
Sight-Screener
Right eye-~-=--==-ccmmecmcmee .39 .26 .64 .55
Left eye--=—m--cmmommem e enas 40 .27 o73 .63
Binocular----—--=---cccccecnmaaa .48 .31 .83 .70
Sloan
Right eye---=-msmemceccm e .40 .28 .66 .56
Left eyem-wemmcccccccccrarcanccnen b .30 .73 .60
Binocular----=---m-cccmcmmmcanaaan .53 .33 .88 .68

1
Scores given in decimal notation.

Table F.

or Sloan firstl

Average scores on Sight-Screener and Sloan tests for those given Sight-Screener

Sight-Screener tests
first—average scores

Sloan tests first—
average scores

Test
Sight- Sight-
Screener Sloan Screener Sloan
WITHOUT GLASSES
Distance vision
Monocular-==m=-=e-m—cmcmcmm e .38 42 4l b
Binocular------—=-------mm-comaanan W47 .53 .49 .53
Near vision
Monocular---======cccmmmmmcmmacu—o .27 .30 .26 .29
Binocular~~=-=-mme—eemec e .31 .34 .32 .33
WITH GLASSES
Distance vision
Monocular--------c-er-mmomemcneeee .67 .68 .70 .71
Binocular-----=-—cc-—c-mommnonnaan .83 .84 .83 .93
Near vision
Monocular-------=c----cmvmemm—— e .59 .60 .59 .56
Binocular--==--cocccrmmmmanenana .72 .73 .68 .64

1Scores given in decimal notation.



Table G.

Average scores on Sight-Screener and Sloan tests for selected groups, accord-

ing to which tests were given first!

Average scores with

Distance and Sight-

Distance and Sloan

Test Screener tests first tests first
Sight- Sight-
Screener Sloan Screener Sloan
DISTANCE VISION
Without glasses
Monocular-=-=======-e--crcmaccau-= .38 4l 42 .43
Binocular----------c=eccccaacanoa- a4 .50 .51 .52
With glasses
Monocular-==~==--cm-ccmccanecna—a- 63 .62 .67 68
Binocular--=m--ceremcacm e mae .84 .77 .77 .87

Near and Sight-
Screener tests first

Near and Sloan
tests first

NEAR VISTON

Without glasses

Monocular=-==mmmeme e e e
Binocular=-=-ememcmcm e e
With glasses
Monocular--=====--crrecceccunn e —e—
Binocular---=-=-weemrcc e e e ee e

.24 .29 .33 .37
.29 .33 .28 .30
.54 .56 .60 .54
.68 .73 .73 .69

1Scores given in decimal notation.

Only on uncorrected distance tests of monocular
and binocular vision, however, were the mean
differences statistically significant (table H). As
may be seen in figure 5 and tables 6-9, the dis-
tribution of scores on Sight-Screener tests is
similar to that for the corresponding Sloan tests,

A test of the comparability of the entire dis-
tribution on each Sloan test with its counterpart
on the Sight-Screener series required combining
the scores on each into six groups—20/20 or

better, 20/30, 20/40, 20/50, 20/100, and 20/200.
The percentage of examinees reaching the var-
ious levels for binocular vision are shown in
figure 5. Only for uncorrected monocular dis-
tance and binocular near vision do the distribu-
tions differ more than would have been expected
through chance alone. The former comparison
gives a chi-square value of 20 which is signifi-
cant at the 1 percent level; while the near bin-
ocular test shows greater dissimilarity between



Table H. Visual acuity from Sight-Screener and Sloan Tests with and without glasses!
SRS | S eore | (SightSorenter
WITHOUT GLASSES
Distance vision
Monocular-==-=-=-=ccemme e mm— e 40 42 +0.80
Binocular==--mm-ececcce e e e e e .48 .53 +0.82
Near
Monocular--=-=--eemmm e e - .27 .29 +0.82
Binocular-==---mmemcmcm e e e .31 .33 +0.83
WITH GLASSES
Distance vision
Monocular-=--==-=mcermm e .68 .69 +0.75
Binocular-----=-re-emre e .83 .88 +0.70
Near
Monocular-------c-mecmcccmcccmcaeeaao .59 .58 +0.67
Binocular---mme=mcmm e e .70 .68 +0.71

1scores given in decimal notation.

scores with a chi-square value of 25. It is to be
expected that this coarser grouping will tend to
mask some differences between tests that might
be observable if acuity were measurable at as
many and the same levels on the Sight-Screener.

A high degree of association was found be-
tween Sight-Screener and Sloan scores in this
study, better on tests without than with glasses.
This is true despite the differencesnoted between
the test targets and the wide range of visual
acuities among the study group. As indicated in
table H the correlation between scores for un-
corrected visual acuity ranged from +0.80 for
distance monocular tests to +0.83 for binocular
near tests. The extent of agreement between test
scores for one group on near binocular vision
without glasses (the 323 persons tested on Sight-
Screener A) is shown in figure 6. Scores on the

tests with glasses were not as highly correlated,
presumably because of the substantial number of
these persons in need of refractive changes in
their lenses,

The lack of agreement between scores on
tests without glasses was primarily of two types.
On the one hand, there were those persons whose
acuity for one eye was substantially better than
for the other. These persons tended torate better
on Sight-Screener tests for the eye with the poor-
er acuity than they did on the Sloan test, Since
occluders were not used for Sight-Screener tests,
the eye not under test often could see a faint
ghost image of the target in use and hence read
further than the eye under test would normally
have been able to read.

The second type of problem was evident for
other examinees both on monocular and binocular
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Figure 5. Percentage distribution of binocular visval acuity, in decimal notation, on Sight-Screener and Sloan tests

tests—the examinee who tested as high as20/100
level on the Sloan test but was unable to read any
of the Sight-Screener target. For these persons,
it may be that other visual problems such as
astigmatism make it more difficult for them to
read the vectographic lettering in the Sight-
Screener, with the limited number of chances
allowed at each level, than it is to read the Sloan
charts,

Despite those cases in which scores on the
two tests differed by two or more acuity levels
a correlation of +0.82 was found on binocular
distance tests without glasses and +0.83 for bin-
ocular near test (uncorrected), as indicated pre-
viously, Comparison of these results for uncor-
rected binocular acuity with the test-retest reli-
abilities found by Sulzman et al.! showed a slight-

ly lower degree of association for distance tests
in this study but a higher correlation than for the
near tests on both the Sight-Screener and the
New London (an improved Smellen-type) tests,
as indicated below:

Tests Test-retest
binocular, reliability
uncorrected (Sulzman et al.)
New London: Far +0.88
Near +0.75
Snellen: Far +0.80
Sight-Screener Far +0.84
Near +0.77

If the test conditions in the New London study
were comparable to those in the present investi-

13
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gation, one might conclude that the scores on the
Sight-Screener compare as well with the Sloan
as they do with repeatedtests onthe Sight-Screen-
er or the standard Snellen Charts. This was true
in spite of the fact that the New London group
had visual acuities substantially better thanthose
in the present study—roughly 20/20 as compared
with 20/40 on the average in distance tests.

A further comparison of Sight-Screener and
Sloan test results over the entire range of vision
from 20/15 to 20/200 is shown in tableJ for one
of the groups in this study. Here it was assumed
that persons reaching a particular level or thresh-
old of visual acuity in fact have acuities spaced
over the interval between that level and the next
higher measurable level, and that the distribution
of Sight-Screener scores will be similar to that
for the Sloan within the interval, On this basis it
was possible to estimate roughly the number and
proportion of persons expected to have reached
the intermediate thresholds which are not meas-
urable on the particular test, It may be seen that,
as with the grouped scores, the differences be-
tween the estimated distributions are negligible,
Hence, if the above assumptions are valid, the
scores obtained on the Sight-Screener in this
study were, in general, comparable to those ob-
tained on the Sloan tests throughout the entire
range of vision from 20/15 to 20/200.

SUMMARY AND CONCLUSIONS

Comparison was made of visuar acuity as
determined by the Sight-Screener instruments
and by Sloan charts (an improved Snellen-type)
for a group of 502 English-speaking, literatemen
and women, aged 17 through 79 years, with visual
acuity correctable to 20/200 or better.

Testing was done without glasses for the en-
tire group and then the appropriate parts were
repeated if the examinee wore glasses and had
them with him,

The two Sight-Screener instruments in the
study were those used in the first cycle of the
Health Examination Survey. Part of the study
group was tested on one instrument, the remain-
der om the other. Results obtained on the two in-
struments were compared,

Comparison was also made of results obtain-
ed on Sight-Screener and Sloan tests for the same
persons and at the various measurable acuity
levels. The effect on these test scores of recall
or practice, fatigue, and target differences were
considered.

Visual acuity scores attained by the study
group show:

1. There was no difference in scores on the
two Sight-Screener instruments that could indi-
cate essential differences between the two de-
vices. In all 12 tests, the distribution of scores
is similar and mean differences are no greater
than would be expected through chance alone.

2. Neither fatigue nor recalloftarget letters
appear to have affected scores on either test
battery.

3. Target differences do appear to have af-
fected test scores to some extent. Scores on the
Sloan tended to be slightly better in general than
those on the Sight-Screener. However, only on
uncorrected monocular and binocular distance
tests did the average scores differ more than
would be expected through chance.

4. Scores at the various measurable levels
on the two tests appear to be essentially com-
parable if it is assumed that persons reaching a
particular acuity level in fact have acuities dis-
tributed over the next higher interval in accord-
ance with the distribution of Sloan scores within
that interval., It is then possible to estimate
roughly the proportion that could be expected to



Table J.

binocular distance wvision

Actual and estimated distributions of wvisual acuity scores for uncorrected

Actual distribution Estimated distribution
of scores of scores
Visual acuity (Snellen notation)
B | sem | B | s
Total number of persons----- 4635 465 465 465
Percent distribution

Totaleem—=-mmcmmmmmmccm e 100.0 100.0 100,0 100.0
20/10-==-mmm e mem e e 1.5 ——— -—-
20/13--=-m e e . 17.4 15.9 17.4
20/15-===——mm e 17.6 . 3.2 3.9
20/16=—===—=m—mm e 11.8 9.0 7.9
20/20-=--—mmmmmmmem e e e 26.5 15.5 17.5 15.5
20/25=—mmmmmcm e cmneee 13.1 11.7 13.1
20/30--===mmmmmmmm e 18.5 7.7 6.8 7.7
20/40--=m—m el 8.8 10.8 8.8 10.8
20/50=mm == m e e oo 6.2 5.4 6.2 5.4
20/60=mmme e e e .. 3.9 2.9 3.9
20/70-——=~mmmmme e e 4,7 .o 1.8 2.4
20/80= === mmme o 4.9 5.4 2.5
20/100====cmmmm e 12.3 3.2 6.9 3.2
20/125===mme e oo 2.4 1.5 2.4
20/160-~~-—=mmmmemm e mcanee .o 2.2 1.4 2.2
20/200==~mmmmm e e 3.9 1.7 1.0 1.7

reach intermediate levels, (It is not possible,
however, to predict from this an intermediate
score that a particular individual could be ex-

pected to reach.)

5. A correlation of +0.80 or better between

on each of the tests given without glasses, This
is as high or nearly as high as the test-retest
reliability found for the Sight-Screener and for

the standard Snellen charts in the New London

Sight-Screener and Sloan scores was obtained

Submarine Base study.



REFERENCES

l]’. H. Sulzman, E. B. Cook, and N. C. Bartlett, "Visual Acuity
Measurements With Three Commercial Screening Devices,” Progress
Report No. 2 on Bureau of Medicine and Surgery Research Project
No. X-493, February 7, 1946, as revised by E. B. Cook. Medical
Research Department, U.S, Naval Submarine Base, New London,
Conn., April 22, 1948.

2G. E. Fonda, E. L. Green, and F. V. Heagan, Jr., “Comparison
of Results of Sight-Screener and Clinjcal Tests,” Project No. 480,
Report No. 1. 27th AAF Base Unit, AAF School of Aviation Med-
icine, Randolph Field, Texas, September 4, 1946.

3R. J. Lvthgoe, “The Measurement of Visual Acuity,” Medical
Re§ezrrh Council, Special Report Series No. 173. London, His
Majesty’s Stationery Office, 1932.

45. Hecht, “Relationship Between Visual Acuity and Illumina-
tion,” Journal of Physiology, 11:25, January 1928.

’P. W. Cobb and F. K. Moss, “Relation Between Extent and
Contrast in Liminal Stimulus for Vision,” Journal of Experimental
Psychology, 10:350, August 1927.

E. Ludvigh, “Effect of Reduced Contrast on Visual Arnvitvas
Measured With Snellen Test Letters,” Archives of Ophthalmology,
25:469, March 1941.

7L_ L. Sloan, "Measurement of Visual Acuity,” Archives of Opb-
thalmology, 45:704-725, June 1951.
8L. L. Sloan, "New Test Charts for the Measurement of Visual

Acuity at Far and Near Distances,” American Journal of Ophthal -
mology, 48(6): 807-813, December 1959.

9E. Jackson, M. M. Black, A. E. Ewing, W. B. Lancaster, and R.
Fagin, "Committee of Standardizing Test Cards for Visual Acuity,”
Transactions of the Section of Ophthalmology of the American Med-
ical Association, 1916, pp. 383-388.

10, Jackson, et al., “Report of American Committeeon Optics
and Visual Physiology: Report on Tests and Records of Visual .
Acuity,” Transactions of the Section of 'Ophbthalmology of the
American Medical Association, 1930, pp. 358-363.

G. F. Rabideau, *Differences in Visual Acuity Measurement Ob-
tained With Different Types of Targets,” Psychological Monographs
69(10), No. 395, 1955.




Table

1.

10.

11.

12.

13.

DETAILED TABLES

STUDY POPULATION CHARACTERISTICS

Percent distribution of selected characteristics of study group—race and source
of referral, by age-=-====c-remccrrecmccecm e cn e ce e e m s mecsme s m e mm e ———e e oo

VISUAL ACUITY BY AGE

Sight-Screener Tests without glasses showing visual acuity, by age-~------====~--

Sight-Screener Tests without glasses according to percent distribution of visual
acuity, by agee-ememmemmmece e e e e e e e e s e e neme s oo s e —aoo oo

Sloan Tests without glasses showing visual acuity, by age-==-----==----wce-coc-a-

Sloan Tests without glasses according to percent distribution of visual acuity,
DY @@= = e m e m e e e e e e e e e e e e e e e e e e e Co s mcs s e

COMPARISON OF TEST RESULTS

Visual acuity thresholds attained on Sight-Screener and Sloan Tests for distance
vision without glasses=e=-=-=s=rm-mecermemmcc oo oo e c o m e — s semmm oo

Visual acuity thresholds attained on Sight-Screener and Sloan Tests for near vi-
sion without glassese======cecrmrrcccccccamrmcn e e e rcn e o e am s mmc oo s oo oo

Visual acuity thresholds attained on Sight-Screener and Sloan Tests for distance
vision with glasses==~==mmmcecrmemcamr o e e e o mcmn oo oot c e e

Visual acuity thresholds attained on Sight-Screener and Sloan Tests for mnear vi-
sion with glasses=====c=-cemmorccc e cccmc e emm e s e e e e mm e —— -

Distance visual acuity without glasses—mean, standard deviatiom, and correlation
of Sight-Screener and Sloan scores for the eight study subgroups--=----=--=----=--

Near visual acuity without glasses—mean, standard deviation, and correlation of
Sight-Screener and Sloan scores for the eight study subgroups---=-c---------c---

Distance visual acuity with glasses—mean, standard deviation, and correlation
of Sight-Screener and Sloan scores for the eight study subgroupg~-=~--==c--=c=c--

Near visual acuity with glasses—mean, standard deviation, and correlation of
Sight-Screener and Sloan scores for the eight study subgroups------=-==-cccc-~--

Page

18

19

20
21

22

23

24

25

26

27

28

29

30



Table 1. Percent distribution of selected characteristics of study group—race and source of re-
ferral, by age

.. All 17-24 25-44 45-64 65-79
Characteristic ages years years years years
Number-==— === e m e e e 502 55 175 208 64
Percentememsmmcem oo m e e 100.0 11.0 34,9 41.3 12.8
Percent distribution
Race
White=-—mmmm e e m oo e e 59.6 7.0 18.4 25.8 8.4
Nonwhite--==-c=c-mc e 40.4 4.0 16.5 15.5 4.4
Source
Clinic patiente----=c-ecm e e 26.1 1.6 5.8 4.5 4,2
Friend or relative--------cccmacmacmcmnccrcmccnaa- 66.5 7.6 26.5 24 .4 8.0
Other=--==mm e e e e em 7.4 1.8 2.6 2.4 0.6




Table 2. Sight-Screener Tests without glasses showing visual acuity, by age

a1 All 17-24 25-44 45-64 65-79
Test and acuity ages years years years years
DISTANCE VISION
Monocular
Total-m=emcm e m e c e ——— 918 91 334 382 111
20/20 or better==ee-=cmemmemcccccacccaccannan (1.0+) 286 45 152 83 6
20/30--~ e - ——————————— 0.7) 234 18 89 107 20
20/40~--- -- -(0.5) 83 10 22 41 10
20/50 ———— e —————————— 0.4 67 4 19 29 15
20/100m=mmmmmmemmmnm————— - 0.2 169 10 36 86 37
20/200-- - - -=(0.1) 79 4 16 36 23
Binocular

Totale====c-ce—cna- - 469 47 168 196 58
20/20 or better--=-—=memcecwcansmmocencaonaa= (1.04) 214 29 107 73 5
20/30 == e e e (0.7) 88 8 26 39 15
20/40 == —mmmm e e (0.5) 42 2 14 24 2
20/50=mmmmm—mm—m— e e e (0.4) 29 - 4 17 8
20/100~mmmemmenmn - —————— —— --(0.2) 78 6 15 34 23
20/200--~ e e - ——— 0.1 18 2 2 9 5

NEAR VISION

Monocular
Totalemeceecenaca- e e e —e s ——— 861 94 335 342 90
14/14 or better---=-=-—-m-comcamocmmcmaemaen (1.00 192 52 133 4 3
B R e 0.7 131 18 90 20 3
14/28=~ - (0.5) 60 5 29 24 2
14/35 - - - (0.4) 56 6 16 24 10
14/70=====m= - -==(0.2) 246 5 46 157 38
14/140~mmmmmman B e e L E L L L L L P R (0.1) 176 8 21 113 34

Binocular
Total-—e=cmcmroccm e ccccnnracmrcrr e r e 457 48 170 187 52
14/14 or better------- ———— - (1.0 137 33 98 5 1
14/2]-mmcmmomm e m e e e e e e 0.7 50 5 27 14 4
14/28=mm= ——- -- --(0.5) 40 3 13 21 3
Y T T —— (0.4) 28 1 6 15 6
14/70memeamcncmcacacmcm e c e r e n e (0.2) 150 4 18 103 25
14/140= == m o e m e e e (0.1) 52 2 8 29 13

1visual ecuity in Snellen notation with decimal equivalent shown in parentheses.



Table 3. 8ight-Screener Tests without glasses according to percent distribution of visual acuity,

by age
s 1 All 17-24 25=44 45-64 65-79
Test and acuity ages years years years years
DISTANCE VISION
Percent distribution

Monocular
Total--—m—mmmm e e e e 100.0 100.0 100.0 100.0 100.0
20/20 or better-----c--cmeemmmcm e cmmecccenceea 31.2 49.5 45.5 21.7 5.4
20/30---—=mcmc e - 25.5 19.8. 26.6 28.0 18.0
20/40==mmcm e e e e de e 9.0 11.0 6.6 10.7 9.0
20/50=-—=——=cmcem e e e —— 7.3 4.4 5.7 7.6 13.5
20/100~===cmm—mme e e e - 18.4 11.0 10.8 22.5 33.3
20/200-==-=m---se s e e e e me e - ——— 8.6 4.4 4,8 9.4 20.7

Binocular
Total--ereermcc et e e e mee e 100.0 100.0 100.0 100.0 100.0
20/20 or bettersm=---—cecccmcomcm e e e es—ca—- 45,6 6L.7 63.7 37.2 8.6
20/30==m=~mmcm e e e e - 18.8 17.0 15.5 19.9 25.9
20/40--=—=m—m— e e e e - 9.0 4.3 8.3 12.2 3.4
20/50-~=—==cme e e - ————— 6.2 - 2.4 8.7 13.8
20/100-mmmmmm e e e e 16.6 12.8 8.9 17.3 39.7
20/200-mm—-msmm e e dc e mece e 3.8 4.3 1.2 4.6 8.6

NEAR VISION

Monoculax
Total--~-—-==---eccemrmm————— Pomm—m—meme———— 100.0 100.0 100.0 100.0 100.0
14/14 or better----------scemcmr e e 22.3 55.3 39.7 1.2 3.3
14/2]mmmmmmmm e e e - ————— 15.2 19.1 26.9 5.8 3.3
14/28----cmmmmmm e e e 7.0 5.3 8.7 7.0 2.2
14/35--—=~ccmm e e e 6.5 6.4 4.8 7.0 11.1
14/70====cmmmmmem e e me——— e e e 28.6 5.3 13.7 45.9 42,2
14/140m==-mmcmcmr e e e e e — . ———— 20.4 8.5 6.3 33.0 37.8

Binocular
Totalemmemmormmccc s e cecm———ae 100.0 100.0 100.0 100.0 100.0
14/14 or better--===e-semcemeemmmn e e - ——— oo 30.0 68.7 57.6 2.7 1.9
N A e ettt ] 10.9 10.4 15.9 7.5 7.7
14/28=mmm e e e e e - 8.8 6.2 7.6 11.2 5.8
14/35-=~-cmmm s me e e m e 6.1 2.1 3.5 8.0 11.5
14/70=mmmmm e et m e e ce e e 32.8 8.3 10.6 55.1 48.1
14/140===cmmmmmem e ec e e o cmmceme e —ea 11L.4 4.2 4.7 15.5 25.0

lyisual acuity in Snellen notation.
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Table 4. Sloan Tests without glasses showing visual acuity, by age
1 All 17-24 25-44 45-64 65=79
Test and acuity ages years years years years
DISTANCE VISION

Monocular
Totgl-=~emesmcr e e e 911 86 331 381 113
20/20 or better===-e-=---mmecmm e 310 49 165 87 9
20/30=mm=rcmmr e m e mre e e —— 184 12 56 104 12
20/40=mmme e e e 86 6 22 47 11
Y i L T —— 91 7 27 38 19
20/100--—~———mm e e re e 138 7 37 62 32
20/200-~=————m e e 102 5 24 43 30

Binocular
e e e P 464 45 168 194 57
20/20 or better----—-~e=mmmmommm e mc e ———— 208 27 109 71 1
20/ 30~ = e 97 8 18 53 18
b e e 50 5 14 21 10
20/50===m e e e e e 25 - 8 10 7
20/100-—~—=— - mm e e e e 55 4 12 24 15
20/ 200 e me st e e e e e 29 1 7 15 6

NEAR VISION

Monocular
Total-mmmmeecc e cc e c e e anccm e 839 90 33L 331 87
16/16 or better-====-=-eccrcmmcceeccccmcae e ———— 169 52 114 1 2
16/ 2= m e e 138 15 97 26 -
16/32=amm e e e e e 80 9 38 28 5
16/40mmmmm e e e e e e 44 2 14 22 6
16/80=m==m o e e e e e e 223 5 46 133 39
16/160==—=——mmc e e 185 7 22 121 35

Binocular
Total--===emcemcccmmcccnc e a e 452 46 170 180 56
16/16 or better----=--cemecamocm e cccmc e ————— 119 33 83 2 1
Y B et T e 73 5 43 25 -
16/3 2t et e e e 52 3 14 27 8
16/40mmmmmm e e e e e - 21 1 3 11 1
16/80= === m e e e e e e 104 2 11 66 25
16/160=-==-m e m e e e e 83 2 11 49 21

1Visual acuity in Snellen notation.
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Table 5. Sloan Tests without glasses according to

percent distribution of visual acuity, by age

1 All 17-24 25-44 45-64 65-79
Test and acuity ages years years years years
DISTANCE VISION
Percent distribution

Monocular
Totalemmceecmemrc e r e e e e rc e cer e e 100.0 100.0 100.0 100.0 100.0
20/20 or betterm==-=r=—-—m e e 34.0 57.0 49.8 22,8 8.0
20/ 30 = e e e 20.2 14.0 16.9 27.3 10.6
20/ 40~ mmmm e e e cc e ma e m e 9.4 7.0 6.6 12.3 9.7
20/50-m=wmmmmme e e re e m e e mem e ——— 10.0 8.1 8.2 10.0 16.8
20/100~=mm=mmmmemm e e e - 15.1 8.1 11.2 16.3 28.3
20/ 200~ == e e e e e e s e e 11.2 5.8 7.3 11.3 26.5

Binocular
Totglemr==ereccercecrcc e e e e eeen 100.0 100.0 100.0 100.0 100.0
20/20 or better====--mmmmmmee e e e e eene—- 44.8 60.0 64.9 36.6 1.8
20/30==m=mmmm e m e e e e e e e e e e e e ——— 20.9 17.8 10.7 27.3 31.6
20/40=mm=mmememmcm e m e mmcmcc e e e 10.8 11.1 8.3 10.8 17.5
20/50~ - ~mmmm e m e e e 5.4 - 4,8 5.2 12.3
20/100~mmmmme e e e e e e m— e ——— 11.9 8.9 7.1 12.4 26.3
20/200=~ummmmmem e e m e s mcme—ea— e 6.2 2,2 4.2 7.7 10.5

NEAR VISION

Monogular
Totalmmmmmmm e 100.0 100.0 100.0 100.0 100.0
16/16 or better=----—-m-comemc oo 20,1 57.8 34.4 0.3 2,3
16/ 24==m=m e mmmm oo mem e e 16.4 16.7 29.3 7.9 0.0
16/ 320 e e e e 9.5 10.0 11.5 8.5 5.7
16/ 40= = e e e 5.2 2,2 4.2 6.6 6.9
16/80=cmm e e e e e 26.6 5.6 13.9 40.2 44,8
16/160 ==~ mmm o m e e em e e e cceamcemaaee 22,1 7.8 6.6 36.6 40.2

Binocular
Totalememmmemme e e e 100.0 100.0 100.0 100.0 100.0
16/16 or better=========mcc-cmmmmmece e —a——— 26.3 71.7 48,8 1.1 1.8
16/ 24 mm et e e e e 16.2 10.9 25.3 13.9 0.0
16/32m === e e e 11.5 6.5 8.2 15.0 14.3
16 /40mmm e e e e e e 4.6 2.2 4,7 6.1 1.8
16 /80—t m e e e 23.0 4.3 6.5 36.7 44,6
16/160=mmmmm e e e e e m e e s e e emm 18.4 4,3 6.5 27.2 37.5

1yisual acuity in Snellen notation.
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Table 6. Visual acuity thresholds attained on Sight-Screener and Sloan Tests for distance vision

without glasses

Sight-Screener Tests

Test part and threshold1 Sloan Test
Total Instrument A | Instrument B
Monocular tests

Total number tested----------=-=~-=-= 892 892 642 250

Percent distribution
Totalw=mmwmeememem—mmmm————coeccm=== 100.0 100.0 100.0 100.0
20/20 or better-=---=~=m==----c-==-= (1.0+) 34.8 32.1 31.2 3.4
20/30-=mm=m=mmcememmen——m——— oo oo (0.7) 20.6 26.2 26.5 25.6
20/40mmmmmmccmme e mmmm e n s oo (0.5) 9.6 9.3 9.5 8.8
20/50-=mmeemmesnmme s mae e o e 0.4) 10.2 7.4 7.3 7.6
20/100-=====cmmemcmcemrmmoomommmo (0.2) 15,0 18.5 17.8 20.4
20/200-==-=mmcmcmomrememma s m e 0.1) 9.8 6.5 7.8 3.2

Binocular tests

Total number tested----==c=-c--e---- 460 460 332 128

Percent distribution
Totalem=mmr=macmccmmmemmmom oo mce~== 100.0 100.0 100.0 100.0
20/20 or better==-me--cs=-cmcmaneana= (1.04) 45.2 46.6 46.7 46.1
20/30==-=---~=surmecrmaceneacemomm oo (0.7) 21.1 18.9 17.8 21.9
20/40=mmmemcmoccm e m e cmm s s e s e (0.5) 10.9 9.1 9.6 7.8
20/50==mm=mmomeccmmmreeee—mmm—c—e~—o €0.4) 5.4 6.3 6.3 6.3
20/100==-—~=emmcmmmmmmmme—aoeo o —m - (0.2) 11.7 16.1 15.4 18.0
20/200-===~-memmmmmwmmcsccammeom—m o 0.1) 5.7 3.0 4.2 -

1visual acuity score in Srellen notation with decimal equivalent shown in parentheses.
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Table 7. Visual acuity thresholds attained

on Sight-Screener
without glasses

and Sloan Tests for near wvision

Test part and threshold1

Sloan Test

Sight-Screener Tests

Total Instrument A | Instrument B
Monocular tests
Total number tested---==-=-ceo-ce—ee-- 811 811 581 230
Percent distribution
Total=we—mmccccccrrcrccccc e — - 100.0 100,0 100.0 100.0
1.0 or better=we-rememmcccmmonmremrcnancn~a 20.8 23.7 23.8 23.5
I R ettt 17.0 16.2 15.7 17.4
I L L L L P PP 9.9 7.4 8.4 4,8
I R el T 5.4 6.8 7.2 5.7
0,2-=mmmmmccmcmmccrmccmcmmemccmcemc oo 27.2 29.4 28,9 30.9
I e e T L PP P 19.7 16.5 16.0 17.8
Binocular tests
Total number tested~~e-~mwwcccwannna- 442 442 313 129
Percent distribution
Totalemmemmem e e acca e 100.0 100.0 100.0 100.0
1.0 or better=========m-emcmcmccmeamaaeaoo 26.9 31.0 3L.6 29.5
[y R L EE L L L PP P 16.5 11.3 11,5 10.9
I T L L L PP P P P PP 11.8 9.0 10.2 6.2
R L e tataiale 4.8 6.3 7.0 4,7
0,2-==-mmummmcemcmr e r e m e m et na e e —— - 23.3 33.1 31.9 35.7
(I e EE L L P 16,7 9.3 7.7 13.2

lvisual acuity score shown just in the decimal equivalent of the Snellen fraction since the Snellen ratios differ for the two test series.
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Table 8. Visual acuity thresholds attained on Sight-Screener and Sloan Tests for distance vision
with glasses
Sight-Screener Tests
Test part and threshold! Sloan Test -
Total Instrument A | Instrument B
Monocular tests

Total number tested-~==m==-cemmceaa~ 485 485 342 143

Percent distribution
Totalermummr e c e —— e —— - 100.0 100.0 100.0 100.0
20/20 or better~===-m-——mcemmmmeccm e 56.7 51.6 50.3 54,5
20 /30— m e e e e 24.7 29.3 28.1 32.2
20/40=mmm e e e e oo 8.0 8.2 9.1 6.3
20/50=m=mmmemeammmmca e e e cc e c e 4,3 4,7 5.3 3.5
20/100~-—m—mmmm e e oo 3.7 5.6 6.7 2.8
20/200-cmmrcmmamem e e na e cam e 2,5 0.6 0.6 0.7

Binocular tests

Total number tested==mem=wrmcc-cccec=-- 245 245 173 72

Percent distribution
Totalmmwecrmm e n e e c e, 100.0 100.0 100.0 100.0
20/20 or better--===s=memccmccccnmmmea—ca- 73.5 67.0 66.5 68.1
20/30m—m e oo o 15.9 21.2 19.7 25.0
20/40~=mmommmmm e e cc e e e 5.7 6.5 8.1 2,8
20/50=camemecmmn e ma e Sememmeeen———— 1.6 2,0 1.7 2,8
20/100~====rmmmem e mcc e m e cm e e e na———— 2,0 3.3 4.0 1.4
20/200~wmm—mm e mm e e G m e 1.2 - - -

1yisual acuity score in Snellen notation.
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Table 9. Visual acuity thresholds attain

ed
with glasses

on Sight-Screener and Sloan Tests for near vision

Sight-Screener Tests
Test part and threshold1 Sloan Test
Total Instrument A | Instrument B
Monocular tests

Total number tested-=--m--memeccmne- 535 535 382 153

Percent distribution
TOotalmw e oo cm e el 100.0 100.0 100.0 100.0
1.0 or better----m-remmcm e 32.5 37.5 37.7 36.6
07 mmmmm e e e 37.8 36.4 35.6 38.6
[ i Ll LT T Sy RS U 12.5 10.8 10.7 11.1
0 vl m i mm e e 5.8 7.3 7.9 5.9
O et 9.3 7.1 7.1 7.2
0. l-mmmm e e mce e 2.1 0.9 1.0 0.7

Binocular tests

Total number tested--------ceec-—u-- 272 272 195 77

Percent distribution
Total=-smmcmecm e e e eee 100.0 100.0 100.0 100.0
1.0 or better-----=meceemcmecceceeameaaaan 47.1 53.6 55.4 49.4
[0 Py 2 U U 36.4 32.4 29,7 39.0
0.5cmmmmc e mme——— e e mm e m e — 7.0 5.9 6.7 3.9
ey VS SO 1.8 2.9 3.6 1.3
I et L L e E LR 7.4 4.8 4.1 6.5
I ke LT 0.4 0.4 0.5 -

Lyisual acuity score shown just in the decimal equivalent of the Snellen fraction since the Snellen ratios differ for the two test series.
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Table 10. Distance visual acuity without glasses—mean, standard deviation,
Screener and Sloan scores for the eight study subgroups

and correlation of Sight-

Number Sight=-Screener Sloan
Test and subgroup tesged in Correlation
subgroup Standard Standard
Mean deviation Mean deviation

Monocular vision
Far lst, SS lst, SS-Inst. A=-==- 170 2.56 2.438 2.28 2.129 +0.87
Far 1st, SS lst, SS-Inst. Bew~==- 57 2.95 2.218 2.88 2,227 0.79
Near lst, SS lst, SS-Inst. A---- 179 2.79 2.829 2.47 2,334 0.84
Near 1st, SS lst, SS-Inst. B---- 53 1.93 1.555 2.07 2,151 0.74
Far 1lst, S1 1st, SS5-Inst. A---~- 145 2.47 2.170 2,32 2.320 0.77
Far lst, S1 lst, SS-Inst. B====-~ 69 2,21 2.047 2.30 2,116 0.80
Near 1lst, S1 lst, SS-Inst. A---- 148 2.65 2,565 2,26 2.161 0.80
Near lst, S1 lst, SS-Inst., B-===- 71 2.11 1.646 2,28 2.114 0.79

Binocular vision
Far 1lst, SS 1lst, SS-Inst. A----- 87 2.23 2.197 2.00 2.062 0.89
Far 1lst, SS lst, SS-Inst. B----- 28 2.35 1.687 1.91 1.327 0.87
Near lst, 85 lst, SS~Inst. A-~-- 91 2.05 2.092 1.85 2,315 0.70
Near 1lst, SS lst, SS-Inst. B--~~ 27 1.76 1.275 1.67 1.950 0.57
Far 1lst, S1 lst, SS-Inst, A----~ 76 2.03 1.860 1.86 1.447 0.77
Far 1lst, S1 1st, SS-Inst. B----- 37 1.85 1.390 2.09 2.255 0.64
Near 1st, S1 1lst, SS-Inst. A-~-- 78 2.33 2.262 1.96 1.810 0.85
Near 1lst, S1 1lst, SS~Inst, B==~=- 36 1.61 1.085 1.66 1.325 0.73

15cores given in minutes of visual angle subtended by target optotypes. The mean score of 2.56 minutes would be equivalent to 20/51.2 in the Snellen

notation or 0.39 in the decimal notation. S8 --Sight-Screener; Sl-Sloan.
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Table 1l. Near visual acuity without glasses—mean, standard deviation, and correlation of Sight-Screener
and Sloan scores for the eight study subgroups!

Sight-Screener Sloan
Number

Test and subgroup tested in Correlation

subgroup Standard Standard
Mean deviation Mean deviation

Monocular vision
Far lst, SS 1lst, SS-Inst. A--=~-- 166 3.48 3.070 3.57 3.348 +0.88
Far lst, S8S 1lst, SS-Inst. B----- 56 4.13 3.602 4,51 3.921 0.82
Near 1lst, SS lst, SS-Inst. A---- 162 4.27 3.409 3.78 3.234 0.82
Near 1lst, SS lst, SS-Inst. B---- 51 4.55 3.591 4.00 3.413 0.77
Far 1lst, S1 1st, SS-Inst. A---~=-~ 145 3.94 3.240 3.84 3.264 0.81
Far lst, Sl 1lst, SS-Inst. Be--w~-- 72 4,21 4.205 4.37 3.762 0.84
Near lst, S1 1lst, SS-Inst. A---- 137 4.24 3.447 4.01 3.400 0.75
Near 1lst, S1 1lst, SS~Inst. B---- 70 4,52 3.580 4,38 3.685 0.79

Binocular vision
Far lst, SS lst, SS-Inst. A----- 85 3.06 2.812 3.17 3.152 0.79
Far lst, SS 1st, SS-Inst. B----- 29 3.67 3.087 3.63 3.210 0.89
Near 1st, SS lst, SS-Inst. A---- 86 3.30 2.532 2.84 2.160 0.81
Near 1lst, SS 1lst, SS~Inst. B---- 28 4,23 3.275 4,07 . 3.767 0.66

, .

Far lst, Sl 1lst, SS-Inst., A~===- 77 2.74 2,217 3.21 3.232 0.69
Far ist, S1 1lst, SS-Inst. B-~-~- 36 3.15 2.327 3.07 2.592 0.78
Near 1lst, S1 lst, SS-Inst. A--=~- 75 3.70 3.245 3.55 3.267 0.81
Near 1lst, S1 lst, SS-Inst. B---- 38 3.94 3.325 3.83 3.160 0.89

I8cores given in minutes of visual angle subtended by target optotypes. The mean Sight-Screener score of 3.48 minutes would be eauivalent to 14/48.7 in
the Snellen notation or 0.29 in the decimal notation. The mean Sloan score of 3.57 minutes would be equivalent to 16/57.1 in the Snellen notation or 0.28 in

the decimal notation.
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Table 12.

and Sloan scores for the eight study subgroups

Distance visual acuity with glasses—mean,standard deviation,and correlation of Sight-Screener

Sight~Screener Sloan
Number
Test and subgroup tested in B B Correlatien
subgroup Standard Standar
Mean deviation Mean deviation

Monocular vision
Far lst, SS lst, SS-Inst. A=---- 77 1.64 1.393 1.72 2.086 +0.72
Far lst, SS lst, SS-Inst. B-=--~ 37 1.51 1.361 1.46 1.525 0.89
Near lst, SS lst, SS-Inst. A---- 100 1.47 0.872 1.39 1.244 0.67
Near 1lst, SS 1lst, SS-Inst. B-=--- 26 1.12 0.343 1.09 0.355 0.55
Far 1lst, S1 lst, SS-Inst. A==--- 67 1.51 0.809 1.56 1.286 0.78
Far lst, S1 lst, SS-Inst. B----- 41 1.49 0.879 1.35 0.683 0.73
Near 1st, S1 lst, SS-Inst. A--~-- 98 l.44 1.087 1.45 1.398 0.90
Near lst, S1 lst, SS-Inst. B-~--~- 39 1.26 0.408 1.18 0.495 0.62

Binocular vision
Far lst, SS 1lst, SS-Inst. A-=--- 40 1.23 0.652 1.52 1.982 0.54
Far lst, S5 lst, SS-Inst. B-=-=-~-- 18 1.08 0.517 1.05 0.775 0.80
Near 1lst, SS 1lst, SS-Inst. A~--- 50 1.28 0.765 1.07 0.665 0.80
Near 1lst, SS lst, SS-Inst. B-~-- 13 0.98 0.262 0.92 0.210 0.74
Far 1st, S1 1lst, SS-Inst. A----- 34 1.31 0.805 1.16 0.585 0.83
Far lst, Sl 1st, SS-Inst. B----- 21 1.28 0.702 1.13 0.512 0.70
Near 1st, SL lst, SS-Inst., A---- 49 1,13 0.460 1.06 0.567 0.70
Near 1lst, S1 lst, SS-Inst. B-=~-~ 20 1.10 0.317 0.90 0.217 0.42

Scores in minutes of visual angle subtended by target optotypes.
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Table 13. Near visual acuity with glasses—mean, standard deviation, and correlation

and Sloan scores for the eight study subgroups

of Sight-Screener

Sight-Screener Sloan
Number
Test and subgroup tested in Correlation
subgroup Mean Stagda;d Mean Stagdayd
deviation deviation

Monocular vision
Far 1lst, SS 1lst, SS~Inst. A----- 88 1.52 0.798 1.61 1.207 +0.54
Far 1lst, SS 1st, SS~Inst. B----- 37 1.51 0.868 1.47 0.808 0.87
Near 1lst, SS 1lst, SS-Inst. A---- 110 1.91 1.455 1.82 1.479 0.77
Near lst, SS 1st, SS-Inst. B---- 28 1.66 0.848 1.60 1.041 0.42
Far 1lst, S1 1st, SS-Inst. A-~-=- 83 1.69 1.230 1.69 1.056 0.58
Far 1lst, S1 1lst, SS-Inst. B----- 43 1.74 1.454 1.81 1.225 0.60
Near lst, S1 1lst, SS~Inst., A---- 102 1.70 1.135 1.86 1.501 0.69
Near 1lst, S1 1st, SS-Inst. B---- 45 1.60 1.107 1.79 1.110 0.87

Binocular vision
Far 1lst, SS lst, SS-Inst. A----=- 46 1.30 0.557 1.41 0.887 0.70
Far lst, SS lst, SS-Inst. B-=--- 18 1.36 0.675 1.24 0.762 0.81
Near 1lst, SS lst, SS-Inst. A~~--- 55 1.54 1.045 1.37 0.800 0.68
Near 1lst, SS lst, SS-Inst. B---- 14 1.22 0.302 1.36 0.872 0.54
Far lst, S1 1lst, SS-Inst. A----- 43 1.41 0.927 1.49 1.410 0.72
Far lst, S1 1lst, SS-Inst, Be---- 23 1.89 2.022 2.03 2.560 0.95
Near 1st, 81 lst, SS-Inst. A---- 51 1.33 1.300 1.45 0.970 0.58
Near 1st, S1 lst, SS-Inst. B---- 23 1.49 0.935 1.43 0.742 0.87

I5cores in minutes of visual angle subtended by target optotypes.
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APPENDIX |

TARGET-SPECIFICATIONS AND RECORD FORMS

Specifications for the sizes of optotypes (width of
the lines in the letters) and the number of letters of
each size on the Sloan and the Sight-Screener targets
used in the study are shown in Appendix I,

The Sloan charts contain optotypes ranging in size
from 10.00 to 0.65 minutes for distance and from 16.00
to 0.80 minutes for near vision. These form a series
in which the steps are approximately equal on a log-
arithmic scale with a gradation of 0.1 log unit. This
means that the size of the letters of each successive
line is approximately 26 percent larger than that of the
following line, Slight deviations from an exact geo-
metric progression are used to maintain relatively
simple numbers for specifications in visual angle and
Snellen notation.

Sight-Screener targets contain optotypes ranging
from 10.00 to 0.50 minutes for both near and distance
vision.

The first column in table I gives the visual angles
in minutes subtended by the width of the lines in the
letters of both distance and near test targets.

The second column gives the decimal equivalent of
the Snellen notation for letters in the targets of both
tests.

FHI-ZTET SIGHT-SCREETIR CALIERATION STUDY
(=58 Sight-Serperey dota
Ezemines nuzber Inctruoent
WITHOUT CLASSES FED ceriec (even)
? & T [ 5 b 3 a2 1
200 150 70 50 ) 29 ol 15 10
R{2)E P T¢ DZENW BNEC EHZN FZES TFEC ZNHT
L{3)n F ET CDZE ZBNE NEHZ ECYF ETOF NIZE
B4}z E CE ¢Npz EBNC ZHEC NEDF OEF® THNZ
ELACE serdes (edd)
R(2)E F TC DZEN BNEC EHZXN FZEC TFEOD ZEHT
L3N F BT CDZE ZBNE KEHZ ECHF ETOF HT ZE
B(¥) 2z B cE CNDZ EBNC ZHEGC NEDF OBFT THWZ

Tocted by

Figure 1. Record card for Sight-Screener scaring.

The next four columns give the Snellen notation for
the letters used for distance and for near vision on the
Sight-Screener and on the Sloan tests.

The number of letters at each level on the targets
is shown in the last three columns of the table.

Figures 1 and 2 contain samples of the record
cards used for recording the test findings in the study.
Two record cards per subject were used for the Sight-
Screener tests—one for those without and one for those
with glasses. Four cards per subject were used for the
Sloan tests—omne each for distance vision, uncorrected;
near vision, uncorrected; distance vision, corrected;
and near vision, corrected. As the test was adminig-
tered, the examiner drew an oblique line through the
letters that were misnamed. If a line (ablock of letters
on the Sight-Screener target) could not be attempted,
he drew a horizontal line in the recordcard through the
letters at that and any subsequent levels. Explanation
of the scoring is contained in the section on "Descrip-
tion of Tests and Controls,"

B335 SICHT-OOREENER SALTERITION ST Slisz date.
6/51 Exan T WITH/RITESN GLASSES
FAR (even) (B) (13) £ (R) DWIL)HCZS(IO9RHEKES (BVRCKE
(8)0ZNSEVCD(T)NRECSZEVDO(E)CDKRNACYRY
(5)HGCZRDEVH(MEDVRENCCOZ(IWRLHIDCSKD
(2)HTORCZSVDE(INRCZIECYEDE
{13} (12)p v_(:u.) HCZS(WIORAIKEHS(PIDYRCOEN
(3025 2EVYCD(TIIRECSZRVDO(EXDKENOCVRE
(5EOCZRDESVH(MEDVERENZCOS (3WRUHZDESED
(BENOECZSVRE(ANREZEAVEDR
(3) (13 () DV(M)ECZS (0P RLUEES (BIDVECER
(B 2nSEYCD(TIRECSCEVDO(SSDEENOCVRE
(5)ECCZRDSVN(MEDVRESZOSS(3WREUEAZDCSKD
(BHORCZSVDE(LIRCZHOVEDK

g

5
&
[

Tected by,

Figure 2. Record card for scoring on Sloan distance test.
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Table 1I.

Specification of the sizes of letters and number of letters,

Targets for testing distance and near visionl

Sight-Screener and Sloan

Snellen ratios for letter sizes used

Number of letters at
each level

. Decimal
Viiuginiggie equivalent Distance charts Near charts Sioan
subtended at gitgge%éZ? Sight-
standard test 2 . . Screener
distance (20 ft,, |ciprocal of | Sight- Sloan Sight- Sloan distance | ..
. . a r .

14 in., 16 in.)? Z;;Te} %EOEE??§ (20 ft.) %ize§§?§ (16 in.) | and near Distance | Neaxr
16.00-=c—ccemmmmm .0625 . 16/256 . ees 5
12.50~-=meccrme - .0800 ces e N 16/200 e e 6
10.00-----mmcmomun .1000 20/200 20/200 14/140 16/160 1 1 8

8.00----=nemaee-a .1250 e 20/160 . 16/128 e 2 10
6.25-=mcmccmanaan .1600 e 20/125 e 16/100 e 4 10
5.00--mcrmemmaa .2000 20/100 20/100 14/70 16/80 L 6 10
LT R .2500 vee 20/80 eee 16/64 A 6 10
3.50------—-m-—-- .2857 20/70 e 14/49 . 2 cea e
3.00----ccemmno .3333 ee 20/60 cee 16/48 .o 8 10
2.50=-comcccme .4000 20/50 20/50 14/35 16/40 4 10 10
2.00-~c--ermea .5000 20/40 20/40 14/28 16/32 4 10 10
L.50--mcemmeeme e .6667 20/30 20/30 14/21 16/24 4 9 10
1,25==ccmmmmmcmmm .8000 e 20/25 e 16/20 ‘e 10 10
1.00-c-cucmmacana 1.0000 20/20 20720 14/14 16/16 4 10 10

B0 e 1.2500 ee 20/16 e 16/12.8 .o 10 10

Y R 1.3333 20/15 e 14/10.5 e 4 cee .

N 1.5385 vee 20/13 ‘e een e 10 e

S0memmme e 2,0000 20/10 e 14/7 ves 4 e .o

1Adapted from L. L. Sloan, “New Test Charts for the Measurement of Visual Acuity and Far and Near Distances,” American Journal of Oph-
thalmology 48(6): 809, December, 1959.

This is the size of the visual angle of resolution in minutes of arc subtended by the width of the lines in the test letters used at each

threshold level.
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APPENDIX I

SOME TECHNICAL NOTES

In this study visual acuity was measured at arbi-
trarily selected points, determined by the size of the
letters in the targets, along the continuum of possible
letter sizes from 0.50 to 16.00 minutes of visual angle
which the component lines of those letters would sub-
tend when viewed from the standard distance by the
normal eye, The points or levels at which measure-
ments were taken differed for the two tests at all but
six points, as indicated in Appendix I,

It was assumed in the analysis of the study data
that persons reaching a particular acuity level actually
had acuities uniformly distributed over the interval
between that level and the next higher level (the level
with the next smaller size letters) measurable on the
particular test., All analysis was done in terms of
minutes of visual angle. Findings in the text tables
have been converted into the reciprocal of the visual
angle size (of the letters), called the 'decimal' nota-
tion, or into the Snellen notation, since the latter two
notations are so frequently used to express visual
acuity, The Snellen fraction contains in the numerator
the standard distance between the subject and the test
target and in the denominator the distance at which the
smallest letters discriminated (read) by the subject
would be read by the ""normal’ eye. The decimal nota-
tion is the decimal equivalent of the Snellen fraction.

In testing the significance of the difference between
mean scores in the Sight-Screener or the Sloan tests
for different groups of examinees, the determination
has been one of whether the two samples of examinees
may be regarded as independent samples drawn from
the same normal population, i.e., testing thehypothesis
that the true difference between the mean scores is
zero, If the above hypothesis is true, the variable

u_l/nl n, (n1+n2 2) %-3
- n, + n ) B >
1 2 - - =
1/(n1 1) 5 +(n,-1) Sy

- 2 degrees of

has the t-distribution with n, +n,

freedom. Here the mean and variance of the first sam-

ple of size n, are denoted by

n n
1 1
XE=— Y %, and s° = 112(}{—}{“
n, 7 n - 1 i

while ¥ and sy2 are the corresponding characteristics
of the second sample of sizen .

When assessing the significance of the mean dif-
ference between scores on the Sight-Screener and
Sloan tests for the same group of persons, account has
been taken of the correlation between scores onthe two
tests, since these are in fact two highly correlated
measureg of the same characteristic for each person.
In this case, the variable .

n

has the t-distribution with n-1 degrees of freedom.
In testing the hypothesis that two samples—the
Sloan or the Sight-Screener scores for two different
groups of examinees, or the Sloan and Sight-Screener
scores for the same persons—are independent samples
drawn from the same population, with respect to the

0
visual acuity characteristic, the X “_test of homoge-
neity was used. Here the hypothesis being tested is that
in the two independent samples being compared there
are r constants p1 seses P (for the r acuity levels)

with ¥ p; = 1 such that the probability of a result be-

longing to the i acuity level is equal to p, in both
. i
samples. In this case

129 x+y\ 0 n,
9
(n, + n,)” xl* nl2
- 2wy
n n, TRty nmptng

with r-1 degrees of freedom. Here X, and y; are the

number of persons in the two series reaching the i
acuity level.

The S-percent level was used for determining sig-
nificance for all statistical tests unless otherwise in-
dicated in the text,
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OUTLINE OF REPORT SERIES FOR VITAL AND HEALTH STATISTICS
Public Health Service Publication No. 1000

SERIES 1-4. GENERAL SERIES. Program descriptions, methodological research, and analytical studies of vital and health statistics.
Earlier reports of this kind have appeared in “Vital Statistics—Special Reports” and in “Health Statistics from the National Health Survey,” Series
A and D, PHS Publication No. 584.
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