








Why Is Screening Efficiency Not Higher?

It has often been pointed out that the Snellen Test misses many children
who need care because it fails to identify those who have defects not in-
volving visual acuity at far point. To overcome this limitation, other
procedures have been developed that are essentially batteries of tests of
different visual functions.

Great effort and ingenuity have been invested in developing these bat-
teries of tests. Why are they not more efficient?

It has been shown in this study that the test-retest reliability of the
subtests that comprise these procedures is in no case very high, and for
some subtests it is very Jow. In other words the tests, as they stand, are
subject to marked errors of measurement. at least as they are now ar-
ranged for work with children. When the referrals by several subtests
having low reliability are added together, the accumulation of errors
tends to defeat the purposes of adding subtests to the battery.

The question now is, why are the methods of measurement not more
reliable? A likely answer would seem to be that the understandable
pressure to save time in administration of the tests is the root of the
trouble. There are recognized methods of increasing the reliability of
measurements, but these require devotion of more time to administer-
ing the tests. The emphasis on saving time has resulted in unsuccessful
attempts to short-cut the complex measurement problems involved. Hope
that, even with the most ingenious instrument devisable, any visual fune-
tion can be measured reliably by a quick check holds practically no
promise of success, especially with children.

Is it practical. however, to consider any methods of administering the
screening tests that require more time?

Referral of a higher proportion of the students who need care would in
itself justify devoting some additional time to the screening tests. But
from the administrative point of view the amount of time required for a
screening test is an important consideration. Every effort should be
made, therefore, to make the best possible use of the time involved in the
screening program.

Time that can be devoted to obtaining more reliable scores on some of
the subtests can be gained by eliminating from a procedure other subtests
that make little or no contribution to the efficiency of the procedure as a
whole. But even if the time required for administration of the screening
tests must be increased in order to obtain more reliable results, there may
well be compensation in the saving of professional time of nurse or teacher
that would otherwise be devoted to followup of incorrect referrals.

There would also be saving of professional time if instructions for re-
liable methods of administering the tests can be so worked out that less
highly-trained workers can be used as testers.

Would screening efficiency be higher if different standards for referral
were used? The proportions of referrals could be changed, but could
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better overall agreement with clinical judgment be obtained by shifting
the cutoff points?

Although the general answer is “no” where only one measure or com-
ponent of a procedure is concerned, the answer for a multiple-measure
procedure depends on the reliability, validity, and intercorrelations of the
components. Unless information about these factors is available and is
carefully used in making decisions, changes in cutoffs are as likely to
result in decreased efficiency as in improvement.

With the knowledge that the first part of the Massachusetts Vision
Test had relatively high reliability and validity, it was possible to make a
fair advance guess that lowering the cutoff of that component would de-
crease the procedure’s overall efficiency (p. 23). In that instance consider-
ation of the intercorrelations did not happen to be very important, but this
is not always the case. The intercorrelations can affect the results of
changed cutoff points in a complex manner.

Ideally, changes in the standards of a multiple-measure procedure are
best decided by checking the results obtained with different cutoff points
against an adequate criterion. Short of that possibility, changes are not
ordinarily worth while except on the basis of expert advice. which in turn
should be based upon substantial statistical information about the com-
ponent parts of the procedure.

Improving Test Construction

Since greater efficiency of screening procedures depends upon finding
ways of administering test materials to give high reliability and validity,
and since there is reason to believe that it would be administratively feas-
ible to devote the requisite time to such testing. those concerned with im-
provement of vision screening procedures should give further attention to
applying certain recognized principles of test construction. Although
these principles have already been employed to a considerable extent, they
need to be utilized in such a way as to yield better balance in the pro-
cedures as a whole, with each of the components making a real contribu-
tion to the result.

Among the principles that can be applied to obtain greater reliability
of test scores are the following:

1. If a method of measurement possesses any degree of reliability, a
better approximation to true sccres can be vbtained by taking the
average of several measurements than by using a single measurement.
The number of times a measurement must be repeated or the amount
of lengthening of the measuring process by other means needed to
attain a specified degree of reliability can be predicted quite well, if
the reliability of one administration of a test of known length is care-
fully determined.

Use of the average score on tests of visual acuity may seem to be
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at variance with ophthalmological practice, which 1s to accept the
best performance obtained. But single measurements in a screening
test may be presumed to be more subject to error than single
measurements obtained by an expert clinician. In the screening
test the aim should be to obtuin a measure that is stable, or reliable.
For this the average has an advantuge: it is subject to less error than
any single measurement.

2. Measurements made on a scale with relatively fine gradation of
scores will give average scores that approximate the true scores more
closely than the same number of measurements made on a scale with
coarser gradations. In a screening test, precise scores are 11ore
important near the critical point on a scale of measurement than at
other points on the scale. If a student’s first score is far to one side
of the critical point it 1s relatively unlikely that repetition of the
test will result in a final or average score on the other side of that
point. If something is already known about the distribution of
scores vielded by a testin a given form, one may judge what part of
the scale may need finer gradations, and also perhaps, which first
scores it may be profitable to repeat.

3. A single administration of a test can often be made much more
reliable by preliminary practice with unscored sample items. For
some visual functions it is possible that the greater portion of the time
devoted to a given test can be spent to advantage in such preliminary
practice.

4. If it is found that any subtest cannot be administered in such a way
as to yield a final score of satisfactory test-retest reliability without
undue expenditure of time, that subtest should be omitted from the
procedure. Its inclusion along with other subtests that are more
reliable will usually worsen the overall efticiency of the procedure as
awhole. It would also seem advantageous to omit the subtests that
refer very few children who are not referred by other parts of the
procedure, i. e., omit a subtest that correlates highly with one or
more other subtests.

5. The value of the overall score, for referral purposes, may depend on
proper weighting or interrelating of the scores obtained on individual
subtests.

6. Instructions to testers should not only give precise directions as to
the method of obtaining a single measurement but should include
specific directions regarding practice items, repetition of tests, and
methods of scoring. As little as possible should be left to the
tester’s judgment. Instructions should be so worked out as to
assure for cach subtest the maximal reliability of scores that it is
practical to seek. Less specific directions, such as a general direction
for the procedure as a whole to {he effect that retesting is to be done
under certain conditions, are not likely to be interpreted uniformly
in the conditions under which school screening work often operates.
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Instructions should include as an integral part of the test precedure
directions for putting the child at ease in the testing situation and for
helping him to understand what will be expected of him before any actual
testing is started.

Instructions need to be tried out on testers typical of those who will
administer the tests in school screening programs in order to determine
the most useful wording and to eliminate superfluous detail. If the
instructions are worked out with sufficient care, any intelligent adult who
has the ability to work well with children should be able to follow them
and to administer the tests successfully.

Those familiar with the various screening procedures as they are now set
up will recognize that at many points considerable attention has already
been given to these principles of test construction. They have not, how-
ever, been applied in a way that assures adequate reliability of each
constituent part of a procedure. Without this, dependable overall scores
cannot be expected.

Repetition of tests is employed in several different ways as the screening
procedures are now set up.

In many school screening programs it is customary to retest all students
who are referred on the first administration of the screening procedure and
to refer finally only those who fail both times they are tested. As we
have seen for the Massachusetts and Telebinocular Tests, this method of
selecting students to be referred has some merit, but it has rather more
effect in reducing total referrals than in improving screening efficiency or
the correlation with clinical judgment.

Another way in which repetition is now used is to advise that when the
student fails only one or two parts of the procedure, those subtests should
be repeated. A second administration of these subtests may be helpful
in some instances, but if the subtest is one involving many chance errors
of measurement, these are almost as likely to affect the second score as
the first one. And this use of repeat tests fails to take into account the
fact that, through error in the first administration of the test, some stu-
dents obtained initial passing scores and were therefore not referred when
they should have been.

A third use of repeat tests in present testing procedures is found in in-
structions to the effect that a subtest is to be repeated if the tester is not
satisfied that the student has given his best possible performance, or if the
responses have included only a single error. Such instructions leave too
much to the tester’s judgment and place little emphasis on the need for
any checking of passing scores. Here, too, it is apparently assumed that
the results of the second test are markedly more reliable than those of the
first test.

On the basis of further study of the measuring problems it should be
possible 1o define more precisely the indications for retesting, the number
of repetitions of the subtest required, and how the measurements should
be combined to give the most reliable final score.
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Examples of the use of sample items or practice tests are to be found
now in each of the screening procedures, but their use is limited. Fine
gradations of the scale of measurement are provided in a number of sub-
tests, but the testing instrnctions do not provide for use of these to the
greatest advantage. Much work has already gone into the development
of testing instructions and this will not be lost as efforts to make the in-
structions more satisfactory continue.

After it has been determined which measurements are sufficiently valid
and can be made reliable enough to be useful components of a screening
procedure, and how the tests should be administered so as to give the re-
quired reliability, attention should be directed to the selection of appro-
priate standards for referral. ’

Ophthalmic theory and clinical experience as to the meaning of specific
measurements are the basis for standards for referral, but clinical stand-
ards cannot be converted directly into screening standards. Measuring
devices used for screening are usually not exactly the same as those used
by the clinician, and the testers in screening programs are less skilled.
Moreover, screening test cutoff points are intended to be applied arbitrar-
ily to a series of measurements, whereas the clinician uses his judgment to
evaluate one finding in the light of another. In selecting the standards
for referral for a screening procedure it is therefore necessary to take into
account the validity and reliability of the measurements, and the inter-
correlations between component subtests.

The difficulties inherent in the application of these various factors to the
selection of cutoff points are such that the process must be to a large extent
one of trial and error. But it should be carried out with an awareness of
the interrelationships involved and the trial should be against an adequate
criterion, not, as has too often been the case, against a criterion that
recognizes no errors but those of over-referral.

The many factors to be taken into account in selecting cutoff points,
and the difficulties of testing adequately those selected, make the estab-
lishment of standards for referral a responsibility of those who construct
the tests. The screening program administrator, and his clinical advisers,
are rarely in a position to give due weight to all of the factors or to make a

real evaluation of any standards they select. But since no one level of

referral is likely to be suitable for all screening programs, those concerned
with construction of a procedure might consider the advisability of setting
up more than one set of standards for use with it, e. g., a high standard
and a low standard. This would reduce the likelihood that program ad-
ministrators would be tempted to introduce untested modifications.

More Effective Use of Present Tests

The discussion thus far has related to how screening procedures might
be rebuilt to make them more efficient. What answers does the study
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give to the school health administrator who wants to plan a program with
existing materials?

Whatever testing device is employed, its efficiency will depend on its
being used in a4 way that will give reliable test scores. There is no equip-
ment that will give good screening results under poor testing conditions
or with hurried, unchecked testing.

First of all, school administrators should share with the tester respon-
sibility for seeing that the best possible screening conditions are provided,
in accordance with the instructions for the particular procedure to be
used.® Administrators and testers should also work together in schedul-
ing the testing so it can be conducted in unhurried fashion.

Second, a plan of repeating the tests should be adopted. Pending the
time when methods of administering the tests to give dependably reliable
results have been worked out, the following plan is suggested:

Administer the screening procedure to each student twice. Preferably
the second test will not immediately follow the first. but it may be given
after an interval of at least 10 minutes, or perhaps the next day. When-
ever the scores thus obtained on any subtest are contradictory—one
“pass” and one “fail”’-—that subtest should be repeated. The score
obtained two out of three times will be the final score for the subtest.
Suitably averaging the first and second scores may be substituted for the
two-out-of-three plan if the subtest is one that has a finely graded scale.

One or two repetitions of each subtest should be the minimal require-
ment. Higher reliability can be achieved by averaging a larger number
of scores. Repetition should be used to increase the reliability of each
individual subtest rather than as a check on the overall refer-nonrefer
result of the procedure.”

Attention to these aspects of testing is essential whatever screening
procedure is emploved.

The study has shown that the Snellen Test gives as good agreement
with clinical judgment as any of the multiple-test procedures, and better
than most of them, though its referral rate is lower. Many school health
programs do not have facilities for adequats followup of more students
than the Snellen will refer. In this situation little is to be gained, and
there may well be some loss, in adopting a procedure that gives a larger
number of referrals, more of which will be over-referrals. If a similar
consideration seems to lead to choice of the low standard for the Snellen
rather than the high standard, such a choice should take into account
not only the lower over-referral rate of the low standard but its much
lower rate of correct referrals. It refers only about a fourth of the stu-
dents who need care, whereas the high standard refers about half.

What has been said of the Snellen Test would apply equally to inde-

¢ For instructions for testing conditions for the Snellen Test see: A Guide for Eye
Inspection and Testing Visual Acuity, Publication 180, National Society for the
Prevention of Blindness, 1790 Broadway, New York 19, N. Y. Price $.05.

"For footnote 7 see page 55.
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pendent use of the tests of far acuity included in the Massachusctts
and Telebinocular Tests and, at least for upper grade students, those in
the Ortho-Rater and Sight-Screener.

School health programs, with better-developed facilities for followup,
may not be content with a screening program that does not refer more
than half of the students who need care, so will prefer one of the multiple-
test procedures. As they are now set up, the Massachusetts Vision Test
is the most efficient of these. But the efficiency of any of them can be
improved by proper use of retesting, and by dropping some of the subtests
that are shown to have low reliability or validity—for example, tests of
fusion and tests of vertical heterophoria, at far or near point. Time
gained by omission of these subtests could be used for repetition of the
remaining parts of the procedure. Such a modification of one of the
multiple-test procedures can be adopted for use until those concerned
with improvement of screening procedures provide better-tested and
more precise instractions. (Modification of the procedures by shifting
the cutoff points is not recommended unless it can be based on considera-
tion of the relative validity and reliability of the subtests and the inter-
correlations among them, as has been discussed elsewhere.)

For first-grade students, the low reliability and validity for nearly all
subtests except that for far acuity makes it appear unlikely that anything
is to be gained by using one of the existing multiple-test procedures with
young children. For present use the Snellen alone, or possibly the
Massachusetts Vision Test, if higher referrals are acceptable, is probably
to be preferred below third or fourth grade.

? The following example illustrates use of repeat tests as a check on the overall
score as compared with their use to increase the reliability of individual subtests:

First Second Third
adminis- | adminis- | adminis- | Average
tration of | tration of | tration of score
test test test
Subtest A.................... 6 7 6 6
Subtest B.................... 7 6 7 7
Subtest C.................... 5 6 7 6
Subtest D.................... 8 8 8 8
Subtest E.................... 6 6 5 6
Overall scores. ................ Refer | Nonrefer Refer Nonrefer

If it is assumed that a score of 5 or less means failure of subtest, and failure of 1 or
more subtests is cause for referral, then the student has an overall score of “refer” 2
out of 3 times.

But if the repeat tests are used to increase the reliability of scores for individual
subtests, then the scores obtained on each subtest will be averaged. For no subtest
is the average score as low as 5, so the final overall score is “nonrefer.” It is clear
that “nonrefer” is the sounder of the 2 possible interpretations of this student’s
performances.
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Educators have developed reliable methods of tests and measurements
in their own field. If they recognize that the same principles apply to
measurement of a pbysiological function, they will appreciate the need
for having proper testing conditions and for allowing time for accurate
measurement in order to obtain dependable results from a vision screening
procedure. Time devoted to obtaining reliable scores means referral of
more of the students who need care and saving of time spent needlessly
on followup of over-referrals.

Since there are some abnormalities of the eye that will be missed by
any testing device, teacher observation, checked, when possible by school
nurse or physician, should be used as a supplement to any vision-testing
progrem. In the presence of persistent signs or complaints suggestive
of eye trouble, it should not be assumed that ability to pass a screening
test eliminates the need for a thorough, professional eye examination.
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APPENDIX A
History and Personnel of the Study

FOR MANY YEARS the National Society for the Prevention of
Blindness has been concerned with the problem of selection of screening
procedures that would best identify those children who have visual defects.

In 1929 the Society conducted a study that resulted in the recommenda-
tion of a battery of tests for use at the preschool level. In 1939 the Society
appointed a Committee on Vision Testing Procedures. This group
reviewed and summarized the most pertinent studies on visual screening
of children that had been published between 1924 and 1939. The group
also recommended that a study be made to determine suitable testing
procedures including indoctrination of examiner personnel. Although
the advisability of such a study was recognized, no funds were available
at that time.

In 1943 the National Society called a conference of administrators of
the various agencies concerned with the prevention of blindness and
related health services. The topics for discussion were problems relating
to the visual screening of preschool and school children. The consensus
was that testing and followup were inadequate and not well standardized.
It appeared obvious, too, that test procedures had not been properly
validated.

The result of the meeting was a reorganization in 1944 of the Committee
on Visual Testing Procedures as the Advisory Committee on Visual
Screening Programs. An attempt was made to secure for this committee
representation from all interested groups. A pediatrician from the
Children’s Bureau (of the Federal Security Agency, which has since
become the Department of Health, Education, and Welfare) who had
served previously on the original committee was made chairman. This
new committee submitted to the National Society a recommendation
that the Society sponsor research on methods of visual screening. Similar
recommendations were made to the National Society in 1946 by the
secretary of the School Health Section of the American Public Health
Association.

Through its representative on the National Society’s committees
the Children’s Bureau had participated in the formulation of the recom-
mendations made by the committees. In 1943 the Bureau made pre-
liminary plans for a study of vision testing procedures but the national
situation was such that no funds could be made available at that time.
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After the pressures of World War 1T had subsided the Children’s Bureau
and the National Society for the Prevention of Blindness developed a
tentative plan for a study to be conducted as a joint project of several
interested agencies. This proposal was presented for the consideration
of a conference called by the National Society in June 1947. Attending
this conference were representatives of the fields of health, education, and
welfare. A nucleus of the group were members of the National Confer-
ence for Cooperation in Health Education. The group agreed unani-
mously on the need for a study of vision testing procedures for use in ele-
mentary schools and made many helpful suggestions regarding the plan-
ning of such a study.

The tentative plan for the study called for various types of participation
by State and local agencies, and it was found that in St. Louis this co-
operation would be available to a generous degree.

The Division of Health of the Missouri State Department of Public
Health and Welfare was prepared to join in the sponsorship of the project.
The St. Louis Board of Education approved the participation of the public
elementary schools of the city in the study. It was necessary that the
project be conducted in.a large school system with a well-organized sehiool
health program such as exists in St. Louis. The Department of Ophthal-
mology of the Washington University School of Medicine undertook ad-
ministration of the clinical eye examinations that would be an essential
part of the study. The Department’s Director of Graduate Training n
Ophthalmology agreed to serve as Ophthalmological Director of the
project, and the Office of Naval Research approved his inclusion of the
study as a part of the research program for which they were giving him
support. The various types of cooperation thus available were determin-
ing factors in the selection of St. Louis as the site for the project.

The plan also called for a project that would be national in scope in the
sense that it would be designed and conducted in consultation with a
group of ophthalmologists from different parts of the country who have
achieved national recognition as authorities in the field. An Ophthalmo-
logical Advisory Committee of six such authorities was therefore ap-
pointed. This Committee approved the design of the study, with special
attention to the content of the ophthalmological examination and interpre-
tation of the clinical findings, and kept in touch with the progress of the
program.

An Executive Committee composed of representatives of the principal
sponsors of the project was responsible for administration of the project.
A complete list of personnel participating in the study is shown below.

The program in the schools was begun in February 1948, and completed
in May 1949.

All associated with the study regretted the illness and untimely death
in June 1952 of its Ophthalmological Director, Dr. Richard G. Scobee.
He contributed to the study the benefit of his background of scientific
research in ophthalmology as well as his clinical knowledge of the field.
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Personnel of the Study

The Executive Committee is composed of:

1. Marian M. Crane, M. D.
Chief, Research Interpretation Branch, Children’s Bureau.

2. Franklin M. Foote, M. D.
Executive Director, National Society for the Prevention of Blind-
ness. )

3. L. Marion Garner, M. D.
Director, Division of Child Hygiene, Missouri Department of
Public Health and Welfare.

The Ophthalmological Advisory Committee is composed of:

Chairman: William L. Benedict, M. D., Professor of Ophthalmology.
Mayo Foundation Graduate School of Medicine; Executive Secre-
tary, American Academy of Ophthalmology and Otolaryngology.

Lawrence T. Post, M. D., Professor of Ophthalmology, Washing.
ton University School of Medicine.

Richard C. Gamble, M. D., Senior Attending Ophthalmologist, St.
Luke’s Hospital; Attending Ophthalmologist, Children’s Memorial
Hospital, Chicago.

Thomas H. Johnson, M. D., Associate Clinical Professor of Ophthal-
mology, College of Physicians and Surgeons, Columbia University.

Alfred Cowan, M. D., Professor of Ophthalmology, Post Graduate
School of Medicine, University of Pennsylvania.

Sylvester Judd Beach, M. D., Secretary-Treasurer, American Board
of Ophthalmology.

School Avuthorities:

The cooperation of the public school system in St. Louis left nothing
to be desired. Particular thanks are due the following:

Mr. Philip J. Hickey, Superintendent of Instruction.

Mr. Edward H. Beumer, Assistant Superintendent in Charge of
Elementary and Special Schools.

Mr. Clement A. Powers, Assistant Director of Education, Division
of Tests and Measurements.

Lioyd L. Tate, M. D., Director, Division of Health and Hygiene.

Miss Mary E. Stephenson, Supervisor of Nurses, Division of Health
and Hygiene.

Directing Staff:

Ophthalmological Director: Richard G. Scobee, M. D., Assistant
Professor of Ophthalmology, Washington University School
of Medicine.
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Directing Staff—Continuved

Statistical Director: Earl L. Green, Ph. D., Associate Professor of
Zoclogy, Ohio State University, Columbus, Ohio; now Geneticist,
Biology Branch, Division of Biology and Medicine, United States
Atomic Energy Commission.

Study Administrator: Marian M. Crane, M. D., Chief, Research
Interpretation Branch, Children’s Bureau.

Assistant Study Administrator: Marguerite Furey, R. N., Consult-
ant in Nursing Activities, National Society for Prevention of
Blindness (until April 1948).

Helen E. Weaver, R. N., Consultant in Nursing Activities, National
Society for Prevention of Blindness (from April 1948).

Deputy Study Administrator: Ann de Huff Peters, M. D., Medical
Research Assistant, Division of Research in Child Development,
Children’s Bureau.

Ophthalmologists (Washington University School of Medicine):

Richard G. Scobee, M. D., Assistant Professor of Ophthalmology.

David M. Freeman, M. D., Assistant Chief Resident in Ophthal-
mology.

Arthur W. Stickle, Jr., M. D., Fellow in Ophthalmology.

George T. Stine, M. D., Chief Resident in Ophthalmology.

Nurse Coordinator: Annette L. Gronemeyer, R. N., Division of Health and
Hygiene, St. Louis Public Schools.

Technician: Mr. Raymond G. Stratmann, National Society for Preven-

tion of Blindness.

Administrative Assistants (Missouri State Division of Health):

Mrs. Claude E. Stephens (until May 1948).

Mrs. Caroline H. Holzum.

Mrs. Lesta Ferguscn.

Miss Mildred A. Schroeder.

Mrs. Mardel Tivener (January to March 1949).

‘Special Consultants:

Statistics:

Bronson Price, Ph. D., Public Welfare Research Analyst,
Technical Studies Branch, Division of Research, Children’s
Bureau.

Eleanor P. Hunt, Ph. D., Acting Chief, Program Analysis
Branch, Division of Research, Children’s Bureau.

Edward B. Olds, Ph. D., Research Director, Social Planning
Council of St. Louis and St. Louis County.

C. Edith Kerby, Statistician, National Society for the Preven-
tion of Blindness.
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Medical Social Service:

Miss Ruth C. Olson, Regional Medical Social Work Consultant,
Division of Health Services, Children’s Bureau.

Participating Schools:

Fanning, Mr. C. E. Stephens, Principal.
Mullanphy, Mr. W. H. Schleuter, Principal.
Clark, Mr. W. J. See, Principal.

Lincoln, Mr. Lucian P. Garrett, Principal.
Clinton-Peabody, Mr. Stephen L. Pitcher, Principal.
Humboldt, Dr. Wm. Hall Todd, Principal.
Webster, Mr. Logan R. Fuller, Principal.

Baden, Mr. Howard E. Green, Principal.

Laclede, Mr. Fred S. Milan, Principal.

Hamilton, Miss Percy A. Lyon, Principal.

Dewey, Mr. Leo P. Granger, Principal.
Hempstead, Miss Susan B. Ryan, Principal.
Emerson, Miss Ethel Wurdack, Principal.

Cote Brilliante, Mr. John M. Langston, Principal.

School Nurses:

Fanning, Mrs. Viola Farmer.

Mullanphy, Miss Kay O’Donnell.

Clark and Hamilton, Mrs. Thelma McCann.
Lincoln, Miss Ethel Howard.
Clinton-Peabody, Miss Maxine Brandt.
Humboldt, Miss Emily Schott.

Webster, Miss Agnes Cosgrove.

Baden. Miss Vera Miessner.

Laclede and Hempstead, Miss Frances Griffith.
Dewey, Mrs. Pearl Gilsdorf.

Emerson, Miss Mary Goldie Watta.

Cote Brilliante, Miss Pauline Craig.

Schoo! Teachers:

Fanning: Miss Gertrude R. Davis.
Miss Julia Schmidt. Miss Martha Leonard.
Miss Eugenia Henke. Lincoln:

Miss Dorothea M. Galvin. Miss Nannie E. Jones.

Mullanphy: Miss Elizabeth Givens.
Miss Lula Hack. Miss Clara Washington.
Miss Marie Lyons. Miss Ida Jones.

Miss Margaret McCormick. Miss Alma Loving.
Mzrs. Irene Kelly. Mr. Ogie Wilkerson.
Clark: Clinton-Peabody:
Miss Mollie Cotler. Miss Agnes Mohan.
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School Teachers—Continued

Miss Alice Nerlich.
Miss E. C. Baker.

Miss Shirley Lyon.
Miss Kathryn Frei.

Miss Esther Dornhoefer.

Miss Mildred Erskine.
Humboldt:

Miss Anna Marie Lottmann.

Miss Lucille Huger.

Mr. Richard M. Jentsch.

Miss Helen Anderlan.

Miss Elizabeth Schwarz.

Miss Edna Murphy.
Webster:

Miss Elizabeth M. Bick.

Mzrs. Ruth Golden.
Mrs. Irene Mayer.
Miss Mae Schulte.
Miss Dorothy Horan.
Miss Marjorie Murrin.
Miss Celine Lawrence.
Miss Laura d’Arcambal.
Baden:
Miss Carlene Keller.
Miss Winifred Hosch.

All of those cooperating in the study have been listed. With their help,
the framework was laid and actual testing begun in February 1948; it was

completed in May 1949,

Miss Helen Kelly.

Miss Valentina Marco.

Miss Margaret Weaver.
Laclede:

Miss Cary H. Randolph.

Miss Sallie Leonard.

Miss Joan McMullen.

Miss Evelyn Schultz.
Hamilton:

Miss Marguerite B. Hallam.

Miss Hilda Hageman.
Miss Cathryn Liebig.
Dewey:
Miss Lucille Boulicault.
Miss Mary B. Womack.
Hempstead:
Miss Elsie N. Dodson.
Miss Ruth Cornelius.
Miss Dorothy Zimmerman.
Emerson:
Miss Agnes Staed.
Cote Brilliante:
Miss Marguerite Stewart.
Miss Grace L. James.
Miss Janet Thompson.
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APPENDIX B
Stcndards for ReFerral

Standards for Referral by Clinical Examination: An eye specialist’s
decision as to whether or not an individual needs treatment for his eyes
depends upon his judgment of the significance of his measurements of
visual function in relation to each other and in relation to the presence
or absence of symptoms or evidences of eye pathology. There are no hard
and fast limits which automatically classify as in need of treatment every
individual who has measurements outside these limits. The clinician does
have in mind, however, a range of measurements usually associated with
good visual function and gives special attention to the significance of any
measurement falling outside this range. For convenience in discussion,
this range of measurements will be termed the “normal range,” and its
limits called the “limits of normal,” but this terminology is not to be
interpreted as implying that there are actually any precise limits to the
range of normal measurements.

For the purposes of this study it was necessary to define limits of normal
for the measurements included in the clinical examination. The definitions
were needed as a means of assuring a uniform basis for clinical judgments
and as a means of communicating to others the basis on which the clinical
judgments were formulated.

There is lack of unanimity among eye specialists as to the range of
normal for the various visual functions at different ages. The limits
established for this study are those approved by a group of ophthal-
mologists qualified by clinical knowledge and experience to make decisions
of policy in this area. The limits were defined tentatively by the Ophthal-
mological Director of the study and adopted after being approved by the
Ophthalmological Advisory Committee.

The range of normal for clinical measurements as thus defined is as
follows:

Inclusive Limits of *“Normal’’ for Clinical Measurements
Siath Grade

Visual acuity..................... 20/20 or better in each eye and equal acuity
in both eyes.
Lateral heterophoria, far:
Maddox Rod. .................. 6 p. d. exophoria—8 p. d. esophoria.
Cover Test.................0.0 5 p. d. exophoria—5 p. d. esophoria.

63

Provided by the Maternal and Child Health Library, Georgetown University




Lateral heterophoria, near:

Maddox Rod................... 5 p. d. exophoria—6 p. d. esophoria.

Cover Test..................... 8 p. d. exophoria—6 p. d. esophoria.

Maddox Wing . . ................ 6 p. d. exophoria—S5 p. d. esophoria.
Vertical heterophoria, far:

Maddox Rod or Cover Test. . .. .. 1 p. d. right—1 p. d. left hyperphoria.

Vertical heterophoria, near:
Maddox Rod, Cover Test, or

Maddox Wing. . ............. 1 p. d. right—1 p. d. left hyperphoria.
Spherical equivalent. .............. zero through-3.00 diopters
First Grade

The following limits of normal for first grade atre the only ones that differ from those
shown for sixth grade:

Visual acuity..................... 20/30 or better in each eye and equal acuity
in both eyes.
Spherical equivalent. . ........... .. zero through--3.50 diopters

These limits of normal were used as guides by the ophthalmologist in
forming his clinical judgment, but a measurement falling outside these
limits did not arbitrarily determine that the judgment would be “refer.”
The significance of such a measurement was evaluated in relation to other
findings.

Pathology or congenital anomaly of the fundus, or external pathology,
was considered cause for referral if treatment was indicated.

In a preliminary evaluation of the clinical findings students were
classified in 3 groups: “true referrals,” ‘‘theoretical referrals,” and
“nonreferrals.” The “theoretical referrals” were those students who
had some finding that could not be properly evaluated without a complete
ophthalmological examination but who were found, when the examination
was completed, not to be in need of treatment for their eyes. Most of
these were students who had complaints, signs of external pathology, or
subnormal visual acuity measurements when first tested, but no significant
refractive errors. A few were students who had actual visual defects but
whose defects could not be corrected by treatment. This group of “theo-
retical referrals” was combined with the “nonreferrals” for comparison
of the results of the screening procedures with the clinical judgment, since
the usefulness of a screening procedure depends upon its success in selecting
those students who actually need treatment.

Standards for Referral by Screening Procedures: A screening test gives a
series of measurements or scores. To use the test for selection of indi-
viduals who are to be referred for eye care it is necessary to apply standards
for referral, or cutoff points that define measurements that are to be
regarded as satisfactory and measurements that are to be considered
indicative of need for referral.

For the Snellen Test, 2 standards that are frequently employed in school
screening programs have been used in this study. These are designated
as the “high standard” and the “low standard.” According to the “high
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standard” a student is referred if with either eye he fails to read the 20/20
line correctly; according to the “low standard” he is referred if with
either eye he fails to read the 20/30 line or better. Standards based on
the score obtained for “the better eye” were not used because unequal
acuity in the two eyes may in itself be an indication of need for an eye
examination.

Two standards for referral were likewise applied to the scores obtained
with the Near Vision Test. The “high standard” refers any student who
with either eye fails to read the 14/14 line; the “low standard” refers him
only if he fails to read the 14/17 line or better.

With combinations of screening procedures, such as the combination
of the Snellen and Near Vision Tests, a student is classed as a referral if
he is referred by any test included in the combination.

The Massachusetts State Department of Public Health has defined the
standard for referral for the Massachusetts Vision Test and this standard
is used in the study.

For the Telebinocular Test the standard for referral recommended by
the manufacturer in the 1947 revision of the Manual of Instructions ? is
used. A student is referred if he has one or more measurements outside
the range shown as “expected” or “doubtful” on the record forms supplied
by the manufacturer. In accordance with the recommendation of the
manufacturer, the results of “Test 1: Simultaneous Vision™ are ignored
in determining need for referral. ‘

A second interpretation of the Telebinocular measurements is based on
a standard developed in the same way as the standards for the Ortho-Rater
and Sight-Screener. This has been designated the “study” standard
to distinguish it from the “manufacturer’s” standard.

It seemed desirable in this study to find out how efficient the total Telebinocular
Test is for first-grade students, but it should be noted that this is not the use of the

8 The Manual of Instructions for the Telebinocular (1947 revision) in use at the time
of the study states: “One check mark in the undesirable column indicates that the
pupil should be referred to an eye specialist.” This instruction has been changed in
the 1952 revision to: “One check mark in the undesirable area indicates that the tests
should be remade immediately to check error in response or in question by the operator.
Continued failure on this test should be watched and re-checked every 6 months.
Two or more check marks in the undesirable columns indicate need for an immediate
referral. Likewise one check mark in an undesirable column if it refers to usable
vision—either far- or near-point—indicates need for referral. Failure to see 3 balls
or seeing 3 balls quickly changing to 4 in Tests 4 and 11 (Fusion) always indicates
referral.”

In this study all test scores have been interpreted on the basis of the instructions in
effect at the time of the study. The less specific instructions for referral in the 1952
revision of the manual could not have been carried out fully in a study of this type
even if they had been in effect at the time of the study. Difficulties in the application
of test instructions of this kind are considered in the Discussion (pp. 51-52).

The application of arbitrary cutoff points to all scores obtained on subtests of each
screening procedure assures objectivity in evaluation of the different procedures.
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procedure that the manufacturer recommends for this age group. The Manual of

Instructions says: *“. . . young children who fail the Visual-Survey Tests of lateral

imbalance, fusion, or near-point usable vision may be visually immature rather than
visually deficient. In keeping with the recommendations of many educators, the
school should require only far-point reading activities from all 6- and 7-year-old
children who fail one or more of the near-point tests. Children who fail the acuity
tests at both far and near points should be referred to an eye specialist for attention.”

At the time of the study the manufacturers of the Ortho-Rater and
the Sight-Screener had made no recommendations as to how the measure-
ments obtained with these instruments should be interpreted. It was,
therefore, necessary to establish the standards for referral by these tests
that would be used in the study.

One method of setting standards for referral is to apply directly to the
screening test the limits of normal as defined clinically. This does not
take into account the possibility of differences in calibration of the scales
of measurement of the clinical test and the screening test of the same
function, Nor does it allow for any consistent tendency for screening
testers to obtain higher or lower readings than the clinician, even though
using the same test. Such a difference might result from such factors as
greater skill on the part of the more experienced tester in eliciting maximal
performance, or better performance of students to the screening tester
who is a familiar person in a familiar environment.

These difficulties are reduced if the standards for referral are based on
the actual distributions of clinical and screening test measurements made
on a typical sample of the population concerned.

Application of this principle is best described by an example: Let it
be assumed that for fifth-grade students the lower limit of normal visual
acuity has been defined clinically as 20/20 and that clinical examination
of a random sample of fifth-grade students finds that 30 percent have
scores below this limit. And let it be assumed that on the same or a
similar sample of students a screening test of visual acuity finds only 15
percent with scores below 20/20, but finds 30 percent with scores below
20/18. The standard for referral for this screening test would be set to
require referral of all students with scores of less than 20/18 on the screen-
ing test scale.

This method of setting standards depends upon knowing the distribution
of measurements by each test in the populations concerned. Such data
have not been available previously, but in this study measurements were
obtaine on large groups of sixth- and first-grade St. Louis public school
children who were unselected insofar as possible. The distributions of
measurements obtained on these groups in the clinical examination and
in the screening tests as administered by the technician have been used
for the Ortho-Rater and Sight Screener and the Study Standard for the
Telebinocular. It is recognized that these distributions were imperfect
for the purpose, but they are better than have previously been available.

The standards were established quite independently of overall
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chinical judgment as to whether or not students needed eye care, and ac--
cording to a procedure adopted before any actual data became available.

Below are further details on the methods used to set standards for re-
ferral on certain measures.

Far visual acunity was tested twice in the clinical examination if the first test indicated
subnormal acuity. The second test, after the student was more accustomed to the
examination procedure, found considerably fewer individuals with subnormal visual.
acuity: 19 percent of sixth-grade students and 9 percent of first-grade students.
Standards of referral for screening tests of visual acuity at far point are based on these
distributions. In the absence of a test for visual acuity at near point in the clinical
examination, the same distributions were used as a basis for setting standards for re-
ferral for screening tests of near visual acuity.

The distributions for far and near vertical heterophoria are unusual because, both
on clinical examination and in the screening tests, very few measurements depart from
modal performance on the test as it is given and scored. The clinically defined limits
of “normal” are therefore used as the limits of measurements considered satisfactory
for nonreferral by the screening tests.

No measurement of stereopsis or depth perception was included in the clinical
examination so the standards for referral for screening tests of this function are based
entirely on the distribution of scores obtained on those tests. Selection of appropriate
cutoff points was based on 2 considerations: (1) If the measurements showed a “natural
break™ at a reasonable point in the distribution (i. e., a piling up of individuals with
measurements on one side of that point and relatively few individuals on the other
side) that point suggested a limit for the usual—and presumably “normal”—measure--
ments. (2) In the absence of other evidence, the most extreme 5 percent of measure-
ments might be taken to represent unusual and presumably ““abnormal” measurements.

For the tests of fusion and binocular vision included in some of the screening pro-
cedures the method of scoring does not represent a graduated scale of measurements.
The standards for referral selected are those that will refer individuals who, according
to the test, do not have simultaneous binocular vision or who cannot achieve fusion.

Each screening procedure is composed of a series of measurements.
As the standards for referral have been applied in the study, a student is
referred if one or more of the measurements is outside the limits considered
acceptable for nonreferral. This means that a subtest whose standard is
set relatively high, i. e., to refer a large proportion of students, receives
more weight in deciding referral or nonreferral than a subtest whose
standard is set to refer only a few students. Since this is the only system
of weighting customarily used in screening procedures, it is the only
system employed in this study.

The standards for referral by screening procedures used in the study
are shown below in terms of scores accepted as evidence of satisfactory
performance and, as necessary, in terms of their equivalents in comparable
absolute values (Snellen equivalents or prism diopters) or other descrip-

tion of performance achieved. Absolute equivalents for measurements of’

stereopsis are available only for the Sight-Screener test of stereopsis,
which is based on the Shepard-Fry Scale.

If a student obtains on any part of a procedure a score outside of the
range shown as satisfactory, he is classed as a referral by that procedure.
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MEASUREMENTS ACCEPTABLE FOR NONREFERRAL

SNELLEN TEST High Standard Low Standard
Righteye............................. 20/20 20/30 or better
Lefteye............................... 20/20 20/30 or better

NEAR VISION TEST High Standard Low Standard
Righteye............................. 14/14 14/17 or better
Lefteye.............. i 14/14 14/17 or better
Botheyes............................. 14/14 14/17 or better

MASSACHUSETTS VISION TEST
E symbols

Righteye........................... 20/20
Lefteye............................. 20/20
Plussphere. ........................... Unable to read 20/30 line with either

eye; or, unable to read 20/30 line with
one eye, reads 20/30 line but unable to
read 20/20 line with other eye.

Mouscle balance

Farvertical ... ...................... Through window
Farlateral ... ... ................... Through house
Nearlateral..................... .. .. Through panel
ORTHO-RATER Measurement Absolute Value
Far Point
1 Pheria, vertical......... 3-8 1.0 left hyperphoria—I1.0 right
hyperphoria 1
2 Phoria, lateral..... ... .. 2-13 6.66 esophoria—4.33 exophoria 1
3 Acuity, both .......... 10-15 20/20 or better
4 Acuity, right. .. ........ 10-15 20/20 or better
5 Acuity, left. . .......... 10-15 20/20 or better
6Depth................. B-H ®
Near Point
1 Acuity, both. . ......... 10-15 20/20 or better
2 Acuity, right. ....... ... 10-15 20/20 or better
3 Acuity, left. ... ... ... .. 10-15 20/20 or better
4 Phoria, vertical . ...... .. 3-8 1.0 left hyperphoria—1.0 right
hyperphoria !
5 Phoria, lateral ... ....... 3-14 7.5 esophoria—9.0 exophoria !
SIGHT-SCREENER
Far Point—Red Series
1 Binocular vision. . ...... 4 letters Simultaneous binocular vision
2 Acuity, right. .......... 20/20-20/10 20/20 or better
3 Acuity, left............ 20/20-20/10 20/20 or better
4 Acuity, both. .. ........ 20/20-20/10 20/20 or better
SDepth................. D-E 90%,-105%,
6 Muscle balance, vertical. 2-6 1.0 right hyperphoria—1.0 left
hyperphoria !
7 Muscle balance, lateral.. 8-20 7.0 esophoria—>5.0 exophoria !
Near Point—Black Series
1 Binocular vision. . ...... 4 letters Simultaneous binocular vision
2 Acuity, right. . ......... 20/20-20/10 20/20 or better
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3 Acuity, left........ . ... 20/20-20/10 20/20 or better
4 Acuity,both. ... ... ... 20/20-20/10 20/20 or better
S5Depth................. D-E 90%-105%
6 Muscle balance, vertical. 26 1.0 right hyperphoria—1.0 left
hyperphoria !
7 Muscle balance, lateral.. 7-24 8.0 esophoria—9.0 exophoria !
TELEBINOCULAR Manufacturer’s Standard
Far Poinz
2 Vertical imbalance. ... .. 1-1 0.5 right hyperphoria—0.5 left
hyperphoria 1
3 Lateral imbalance. ..... 8-10 1.75 esophoria-3.25 exophoria !
4Fusion................ 3, or 4 then 3 Fusion achieved
5 Usable vision right. .. . .. 5-10 20/25 or better
6 Usable vision left. . ..... 5-10 20/25 or better
7 Stereopsis ............ 9-12 ®
Near Point
10 Lateral imbalance. . . ... 46 2.81 esophoria—4.70 exophoria !
11 Fusion............... 3, 0r 4 then 3 Fusion achieved
12 Usable vision right.... 13-22 20/25 or better
13 Usable vision left ..... 13-22 20/25 or better
14 Usable vision both. . ... 13-22 20/25 or better
Study Standard—Sixth Grade
Far point
2 Vertical imbalance. . . ... 2-2 1.0 right hyperphoria—1.0 left
bhyperphoria !
3 Lateral imbalance...... 7-11 4.25 esophoria—>5.75 exophoria 1
4Fusion................ 3, or 4 then 3 Fusion achieved
5 Usable vision right. ... .. 8-10 20/18 or better
6 Usable vision left....... 8-10 20/18 or better
7 Stereopsis. . ........... 10-12 ®
Near Point
10 Lateral imbalance. . . . .. 3-7 6.56 esophoria—8.44 exophoria !
11 Fusion............... 3, or 4 then 3 Fusion achieved
12 Usable vision right. . ... 14-22 20/22 or better
13 Usable vision left. . . ... 14-22 ’ 20/22 or better
14 Usable vision both. . . .. 14-22 20/22 or better

Study Standard--First Grade
The same as sixth grade study standard with the following exceptions:

Far Point
5 Usable vision right. .. ... 4-10 20/28 or better
6 Usable vision left. . .. ... +-10 : 20/28 or better
Near Point
12 Usable vision right. . ... 11-22 20/28 or better
13 Usable vision left. . .. .. 11-22 20/28 or better
14 Usable vision both. . ... 11-22 20/28 or better

1 Muscle balance (phoria) is measured in prism diopters.
2 Absolute equivalent not available.
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APPENDIX C

Distributions of Measurements

TABLES 15-36 show the distributions of scores obtained in the
measurements that comprise the clinical examination and the screening
tests. The screening test scores are those obtained by the technician.

Each table shows, for a given visual function, the distributions of all
measurements made of that function in the clinical examination or screen-
ing procedures.

The distributions of scores by each method of measurement are shown
separately for students who were classed as referrals by the ophthalmolo-
gist and for those whom he classed as nonreferrals. To save space the total
for each pair of distributions is not shown. However, where the relation-
ship of the scores to the criterion (ophthalmologist’s referral or nonre-
ferral) is not of special interest, any of the pairs of distributions may
easily be added together to obtain the distribution of all scores.

Crosslines through the columns represent the pass-fail cutoff points
according to the standards for referral used in the study. This makes it
possible to see how many measurements are “passing” scores and how
many are “failing” scores among the students referred by the ophthal-
mologist and among those whom he did not consider in need of referral.
Since more than one standard for referral was used on some tests, solid
or broken crosslines are used to indicate cutoff points according to the
different standards, as follows: Study standard ___ : Manufacturer’s
standard . . . . . .; High standard — - — — - ; Low standard . — . —,

Since score values on the scales of measurement often differ from one
procedure to another, it was necessary to do a certain amount of rounding
of the score values at some points in the distributions. For example,
Telebinocular lateral heterophoria score equivalents include fractional
values, but in the tabulations they are rounded to the nearest whole prism
diopter.

The tests, as given and scored, often do not measure performance
beyond a certain point on the scale, but use an “open-end” interval which,
in effect, lumps all performance at or beyond that point into one category.
Therefore, in some instances the tabulations make it appear that a score
at the extreme end of a scale represents a particular value, whereas it
actually represents the value shown and all measurements beyond. For
example, in table 21, showing the distribution of far lateral heterophoria
measurements on sixth-grade students, the table seems to show that on
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’ TABLE 15
FAR ACUITY, MONOCULAR

‘ Sixth Grade
i Cutoff points for the various standards for referral are shown as follows: Study std
i ; Manufacturer’s std.: ...... ; High std.: — — —; Low std.: —.—.—.—.
i
Clinical Ex- Sight- . Mass.
i amination Ortho-Rater Screener Telebinocular (Snellen)

Ref. Nonref. | Ref. Nonref. | Ref. Nonref. | Ref. Nonref. | Ref. Nonref

'

Total students. ...| 190 419 | 190 419 | 190 419 190 419 | 190 41
Poorer than
i Right eye 20/20 ... 118 69 4 39| 88 54 70 29| 60
| **120/20 or bet-

Poorer than

ter....... 72 350 | 116 380 ‘ 102 365 | 120 390 | 130 41
1

Left 20/20 ...| 126 71 87 52 79 66 74 25 73 1
€Ye--+120/20 or bet-

ter....... 64 348 | 103 367 . 111 353 116 394 | 117 4

Right and Left Eyes Combined

Total measure- | 380 838 | 380 838 | 380 838 | 380 838 380 &
ments:
20/100 or poorer. .. ..... 57 24 11 2 14 1) 33 8
20/50 t0 20/70. . ........ 50 4 8 1| 2 4 36 3
20/40. .. ... 34 51 2 1,19 4| 31 5]|?63
20/35. i ®m ol oz OO G-
20/30. . e 97 17| 37 2112 111} () () 70
20/28. .. O Ol ol o] 18 10
20/25. . . 76 1120 33 21| (M 1 11
20/22. . M O] 20 6 ®» ™)1 17
20/20. ... 97 395 | 38 76| 137 329 | 30 582|247 ¢t
20/19. .. M O 7 2511 OO O
ER
20/18. ... M Ol®n Oro o) 49 109
20/17. . (Hm @ ] 82 289 (1 (Y | 109 399
20/15 or better.......... 39 303 | 29 127 | 76 389 | 48 224

1 Score value not on the scale as it was used.

2 Poorer than 20/30.

For the clinical examination, distributions shown in the table are for measureme
of acuity without glasses. In the screening tests, however, students who had glas
were tested with glasses. The distribution of clinical acuity measurements made w
glasses, if the student had glasses, is the same for students not referred by the ophtl
mologist as that shown in the table; for students referred by the ophthalmologist i
as follows: 20/100 or poorer, 40; 20/50 or 20/70, 48; 20/40, 34; 20/30, 31; 20/25,
20/20, 108; 20/15 or better, 41.
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the Ortho-Rater test 19 students had 8 p. d. of esophoria, whereas the

score actually represents 8 p. d. or more.

With a few exceptions, the distributions shown for sixth grade are
for measurements on 474 white students and 135 Negro students. Those
for first grade are for 539 white students. In the preliminary analysis of
the study data, all data for white and Negro students were tabulated

separately and the number of Negro first-grade students studied was

so few it did not justify detailed analysis. Consequently, when it was
decided later to combine the findings on white and Negro students, some
of the detailed breakdéwns had not been tabulated for the first-grade
Negro children. Since that group constitutes only 11 percent of the
first-grade students examined, its inclusion or exclusion has little effect
on the distributions of the measurements obtained.

The instances in which distributions are for fewer than 609 sixth-grade
or 539 first-grade students are certain clinical tests. Measurements of
near point convergence and of prism convergence and divergence were
made routinely in the clinical examination until enough data had been
obtained to show the typical distribution of such measurements. After
that vergence power was determined only occasionally when necessary to
evaluate the significance of an unusual degree of heterophoria. Measure-
ments of muscle imbalance at near point with the Maddox wing were
also discontinued on first-grade students after enough data had been ob-

TABLE 16
FAR ACUITY, BINOCULAR
Sixth Grade

Catoff point for the Study standard for referral is shown by line across columns.

Ortho-Rater Sight-Screener

Ref. Nonref. Ref. Nonref.
Total students. . . ........covv i eiiinniinnnnnan. 190 419 | 190 419
20/100 or Poorer... ... ... 0 0 1 0
20/50t020/70. . ... 4 0 11 1
D0/40. . 1\ 5 0| 6 1
20 3. e e e e e 6 1{® O
20/30. 25 1 34 10
20/25 . . oo 16 51 @ o)
2022 . 21 24 M O]
20/20. . . 26 82 64 103
20710, . e e 55 151 | (9 ]
20/17 . oo 15 101 (9 ®
20/1S50orbetter. . ... ... ... 17 54 T4 304

1 Score value not on the scale as it was used.
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TABLE 17
FAR ACUITY, MONOCULAR

First Grade

Cutoff points for the various standards for referral are shown as follows: Study

std.: s Manufacturer’s std.: ...... ; High std.: — — —; Low std.: —. —.—.—

Clinieal Exam- | refehinocular | Mgmachusstte
Ref. Nonref. Ref. Nonref. Ref, Nooref.
Total students. .................. -119 420 | 119 420 | 119 420
Right eye Poorer than 20/20. . ... 98 152 71 87| 37 18
L ASRERREE 20/20 or better ....... 21 268 | 48 333 | 82 402
Left Poorer than 20/20. . ... 96 149 | 71 91 | 42 28
RCASRRRREE 20/20 or better . ... ... 23 271| 48 320| 77 392
Right and Left Eyes Combined

Total measurements. . ............ 238 840 | 238 840 | 238 840
20/100 OX POOTEr. . ..o evveeeraennnnen. 18 1] 27 51 O
20/50t020/70. ... 77 18! 16 6 (Y O]
20/40........ e e ® 0 21 16 1230 24
20/35 . o O] ORI OO O]
20/30. ... 99 282 | (M) O] 49 42
20/28. e Q) Q) 24 28 1 (M) ©)
2025, e ™ ) 20 351 (M) M
20/22 . e O] O] 34 88 | (1) )
20/20........ ........................ 41 512 | 30 187 | 159 794
20/19. .. e ™ | @M Q)
20/18. o L] O] 38 208 | (V) ©]
20/ 17 ) ©) 26 220 | (M) *)
20/15 or better.. .. ....... e 3 27 2 477 *)

1 Score value not on the scale as it was used.
2 Poorer than 20/30.

tained to show their usual distribution, since the other methods of
measurement of near point heterophoria were adequate for diagnostic
purposes.

The detailed distributions shown for measurements of monocular
visual acuity are those for right eye and left eye combined, so there are
1,218 measurements on 609 sixth-grade students and 1,078 measurements
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TABLE 18
NEAR ACUITY, MONOCULAR
Sixth Grade

Cutoff points for the various standards for referral are shown as follows: Study

std.: ; Manufacturer’s std.:. . ....; High std.: - — —; Low std.: —.—. - ~
Ortho-Rater [Sight-Screener| Telebinocular Nea’i‘:;:sion
I
Ref. Nonref. | Ref. Nonref. | Ref. Nonref. | Ref. Nonref.
Total students. . . ........... 190 419 | 190 419 | 190 419 | 190 419
Right Poorer than 20/20...| 69 75 70 75 1 107 142 55 24
18T €¥€- - +120/20 or better. . . . . 121 344 | 120 344 | 83 277 | 135 395
Left Poorer than 20/20...1 76 56 81 82| 101 139 55 24
RASERRRE 20/20 or better. . . .. 114 363 | 109 337 | 89 280 | 135 395
Right and Left Eyes Combined
Total . ..................... 380 838 | 380 838 | 380 838 380 838
20/100 or poorer. .. ............... 10 2 6 2 4 1
20/50 t0 20/70. . ... ............... 6 1 19 3 9 3 227 28
20/40. ... ... 4 0 14 4 7 0
20/33t020/35.................... 12 31 (1) 8 1 23 0
20/28t020/30. . .................. 16 10 | 112 148 12 2 @ o
20/25. . . 22 20 (Y ™ 80 112 60 40
20/22. ... 5 95| () | 88 162 M O]
20/20. ... . 56 170 | 141 337 | 84 274 | 270 790
20/19. .. 88 220 | (1) Mmrm Q)
20/18. .. M MM )| 42 165
20/17. . e 77 242 | (Y ®M1 31 85
20/15orbetter. ................... 4 75 88 344 15 33

1 Score value not on the scale as it was used.
2 Roorer than 20/33.

on 539 first-grade students. To permit comparison of the right and left
eyes, the tables also show for each eye the number of scores of 20/20 or
better and the number of scores poorer than 20/20.

For some of the measurements in the Sight-Screener procedure it was
necessary to choose between 2 possible methods of scoring.

Instructions for administration of the Sight-Screener tests of lateral
heterophoria are that the testee is to report where he sees the arrow when
he first looks at the test target, and then to tell where he sees it after the
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arrow “‘stops moving.” Both scores are recorded. Only the second
score has been used in this study, since it was found to have higher test-
retest reliability than the first score. (First score: far point, 0.61; near
point, 0.67. Second score: far point, 0.77; near point, 0.82).

Manufacturers of the Sight Screener also suggest 2 possible methods of
scoring the tests of stereopsis: (1) the best performance obtained regard-
less of previous error, or (2) the best performance without previous error.
For the study the scores used are those for best performance without
previous error, since this gave higher test-retest correlations (0.46 and
0.64, respectively for far and near, as compared with 0.44 and 0.52 for
best performance regardless of previous error.)

Tables 19 through 36 conclude the Appendix without further text. The concluding
Appendix begins on page 89.

TABLE 19
NEAR ACUITY, BINOCULAR
Sixth Grade

Cutoff points for the various standards for referral are shown as follows: Study
std.:

Near Vision

Ortho-Rater |Sight-Sereener|Telebinocular| Test
Ref. Nonref.| Ref. Nonref. | Ref. Nonref.| Ref. Nonref.
Total students. . ............ 190 419 | 190 419 | 190 419 190 419
20/100 or poorer. .........ccecoo-o| 0 0 1 1 0 0
20/50 10 20/70. .. ... 2 0 3 0 I 0 26 20
20/40. .. . 3 0 9 1 0 1
20/331020/35. ... ... 3 0ol O] 4 0 7 2
20/28 t020/30. . .. ... ..o 4 4 25 23 5 0 m ©)
20/25. . .. 16 41 (M ©) 17 21 24 7
20/22. . 31 30 | (D) O] 41 50 O] Q)
20/20. . .. 55 127 88 160 55 116 153 410
20/19. .. o 41 140 | (1) ORED)] ©)
Q0/18. oo e e M Ol ®] 34 126
20/17. . e 29 93 | (V) *) 16 58
20/15 or better. .. ... 6 21 64 234 17 A7
1 Seore value not on the scale as it was used.
2 Poorer than 20/33.
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TABLE 20
NEAR ACUITY, MONOCULAR AND BINOCULAR
First Grade

Cutoff points for the various standards for referral are shown as follows: Study

std.: s Manufacturer’s std.: ...... ; High std.: - — —; Low std.: —.—.—.
Monocular Binocular
Telebinocular Nea’rr:;itsion Telebinocular| Near Vision Test
Ref. Nonref. | Ref. Nouref.| Ref. Nonref.| Ref. Nonref,
Total students. ... ........ 119 420 | 119 420
Richt eve Poorer than 20/20.| 106 263 | 49 31
181t €¥€- -+ 120/20 or better...| 13 157 | 70 389
Left Poorer than 20/20.| 101 268 | 48 32
AR 20/20 or better...| 18 152 | 71 388
Right and Left Eyes Combined
Total measurements. . . . ... 238 840 | 238 840 | 119 420 119 420
20/100 or poorer. ............... 3 1@ O] 0 0 o M
20/50t020/70. . ................ 7 2|0 ®] 2 1 OO
20/40. ... ... 13 0220 24 4 0 27 22
20/33.. .. ... e 14 4 @] 4 0 o o
20/281t020/30.................. 12 18 14 3 3 0 6 0
20/25. .. . 90 203 | 63 56 41 43 17 12
20/22. 58 303 | () ()| 39 152 o o
20/20. ... .. 22 211 | 141 777 15 149 89 406
20/18. ... 8 IO O 9 54 (OO
20017, 1 17|@® ® 2 12 o o
20/150r better.................. 0 31 O] 0 9 o o
1 Score value not on scale as it was used.
2 Poorer than 20/30.
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TABLE 21
FAR LATERAL HETEROPHORIA
Sixth Grade

Cutoff points for the standards for referral are shown as follows: Study std.: 5

Manufacturer’s std.: ... ...

Clinical Examination  }

i
‘ Sight-

— T T Ortho-Rater g rcener bir’}:fclleliar t (%I:::ft-s
Prism diopters of Rod \ Cover ‘l ‘ i
heterophoriu S S, pU— ‘7’_._1_______,_‘___
; i - .
‘|Ref. Non- iﬁef. Non- !Ref ‘;0“ | Ret. \r"" \Rer Non- | gef, Nep
. - .
< | | ‘ |
Total. ... ... 190 419 \ 190 419 = 190 419 190 419 190 419 ‘ 190 419
No reading. . ... .- 92 ‘ o 1. 17 11] 4 0o, 6 0, 1 0
Exophoria: | | |
15 or more. . . . . .- 1 00 40 o ool 0 0l 11 \
13-14. ... 0 0 . o 0 (1) ® 2 1 1 1
11-12. ... 1 1| 0 0 OIO] 0 1 o o0
0-10. . .\ R RO O R S RO NGO
S o 0. 1 0l O 0 0o 2 2
P 1o 0 ol (H O 2 1lm O
6. 2 20 0 0 1] 0 1} 7 14}
B L1 2 1l 0 o 5 9l O
Ao o 2] o 11 1 2 512 (0 O 4 3
|
P 1
. S 8 8 1 1 1 0 21 51 39 831
2 10 27 719 3 51 2 58| () O
) I .| 23 70} 29 78 7 12 40 117 55 151
Orthophoria........ 23 18 4 4 16 47 23 68| (1) (1) 21632404
Esophoria:
) 36 113 98 257 26 71 23 50 1 () (M)
b2 24 65 18 47 29 95 13 24 38 110
F J 5 21 7 6| 26 66 9 4| (H) O™
R 8 12 6 2 9 49 3 3| 24 46
B 4 5| o ol 2127 5 6/() O
6. s 311 of 9B 1 0] (M O
et 1 1 1 0| 16 9 4 2 8 9222212
Bt 3 0| 2 of 811 0 0] O
9-10........... 5 2 2 oM O 1 0 3 2
1-12. ... a e 3 2 1 ol(®» ™ 3 0 4 0
1314, .o ooeenn 9 2! 0 ol@® M| 2 o] 2 0
15 or more. . ... .- 4 1 5 1@ OGO O 0 0
1 Score value not on scale as it was used.
2 Massachusetts Vision Test score equivalents are:
4 p. d. or more of exophoria;
Less than 4 p. d. of exophoria and 6 p. d. of esophoria;
6 p. d. or more of esophoria.
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TABLE 23

FAR LATERAL HETEROPHORIA

First Grade
Catoff points {.r the standards for referral are shown as follows: Study std.: ;

Prism diopters of heterophoria

Clinical Examination

Rod Cover

Telebinocular

Massichusette

Ref. Nonref. | Ref. Nonref.

Ref. Nonref.

Total students. . ............
Noreading.......................
Exophoria:

Sormore. ....................

Orthophoria. ... ............... ...

Esophoria:

119 420 | 119 420
15 5| 1 1

2
1
0
1
1
1

wooooo
S = OWoS O
oo ocC

2. 10| 1 5
4 22| 6 29
9 571 11 57

18 83 2 12

19 104
16 81

44 195
26 112

3 3 1 0
1 0 0 0
2 4 1 0
1 2 0 0
2 0 1 0
0 1 0 0
3 0 5 0

119 420
1 1
2 0
0 0
0 0
oo
4 4
ONNCE
5 16
ORI
oo
29 178
o
22 127
®» o
® o
34 76
JORNC)
7 1
®» o
o
5 5
oo
3 0
2 0
2 0
3 2

Ref. Nooref.

119 420

23 21

2113 2416

! Score value not on scale as it was used.
2 Massachusetts Vision Test score equivalents are as footnoted in table 2.
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TABLE 24
NEAR LATERAL HETEROPHORIA
First Grade

Cutoff points for the standards for referral are shown as follows: Study std.: __
Manufacturer’s std.:. ... ..

Clinical Examination i
! Tele- Massachu-
‘ binocular setts
Prism diopters of heterophoria Rod Wing Cover ‘;

Ref. Nonref. | Ref. Nonref. | Ref. Nonref. ; Ref. Nonref. | Ref. Nonref.

Total students....| 119 420 | 119 420 | 119 420 | 119 420 119 420
Noreading............. 18 7 | 86* 295% 1 1; 1 0

Exophoria:

150rmore........... 3 0 0 1 4 0 4 0
13-14................ 0 0 0 0 0 (RN O RN ¢
112, ... .. 3 2 0 0 3 1 1 0
100 .. 1 1 1 0 0 0 ® ™
B P 2 1 0 0 1 0 O] O]

I 1 3 1 2 2 6 4 7 23 22
P 1 5 0 0 0 2. O
6. 19 1 1| 3 4! O
S 2 13 0 1 2 3 21 69
L P 3 25 3 26 7T 197 ® O
F I 9 38 2 4 10 3| O®H O
2 18 72 14 46 7 91 O
P 14 56 6 20 16 98 28 130

Orthophoria. ... ........ 10 65 1 5 1 8| () (Y |21112414

Esophoria:

P 10 40 1 9 23 83 ©) O
2 8 31 1 5 2 42 ] )
> 2P 20 1 1 5 18 41 180
P 2 17 0 2 1 6 () O
S 1 3 0 1 1 110 O

6 2 61 1 1] 2 11@ @ 25 24
T 1 1 0 0 0 0 11 27
8. 1 2 0 0 1 170 O
9-10. ... ... L. 1 1 0 0 1 0 8 6
11-12 .. ... oL 1 2 0 0 0 oM O
13-14 . ... ... ... 0 0 0 0 0 0 0 1
1S5ormore. . ......... 1 0 0 0 6 ol O

* Includes students not tested; see text.
! Score value not on the scale as it was used.
2 Massachusetts Vision Test score equivalents are as footnoted in table 22.
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TABLE 925
FAR VERTICAL HETEROPHORIA
Sixth Grade

Cutoff points for the standards for referral are shown as follows: Study std.: H

Clinical Examination

Ortho- Sight- Tele- Massachu-
. . Rater Screener binoeular setts
Prism diopters of hyper- Rod Cover
phoria §

Ref. Nonref.|Ref. Nonref.[Ref. Nonref. Ref. Nonref.|Ref. Nouref.|Ref. Nonref.

Total. ... ... 190 419 | 190 419 | 190 419 | 190 419 | 190 419 190 419

Noreading........ 9 2 0 1 5 2 5 1 3 0 1 0
L. more than 2.0.. .. 0 0 4 0 O OO @M
L.1620......... 3 0 0 0 1 1 0o 0l (®m O

L.11-15.......... 0 o 0 0 3 1 0 0 1 0 27 21
L.06-10.......... 10 11 1 0 9 11 3 1 8 1
L.03-05.......... 0 0 0 0 45 71 13 22 14 25

L.0.2-R.02....... 153 398 | 180 415 92 293 | 112 302 | 156 387 (21762413
R.03-05......... 0 0 0 0 18 16 52 88 5 4
R.06-10.......... 9 6 3 2 5 9 2 3 2 2

R.L1-15......... 1 0 0 0 12 15 3 2 1 0 26 25
R.1.6-20......... 4 0 1 07 M ® OO o ®
R. more than 2.0. .. 1 2 I 17 ()@ ONO! ONO]

1 Score value not on the scale as it was used.

2 Massachusetts Vision Test score equivalents are:
1.25 p. d. or more of left hyperphoria;
Less than 1.25 p. d. of hyperphoria;
1.25 p. d. or more of right hyperphoria.
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TABLE 36

SPHERICAL EQUIVALENT

Both Grades

Cutoff points for standard for referral are shown by line across column and footnote.

Clinical Examination

Sixth Grade

First Grade

Ref. Nonref. Ref. Nonref.
Total students. ....... 190 419 119 - 420
Right eye: Right eye:
Noreading............... 1 0
—0.25d.orless........... 51 5 —0.25d.orless......... 16 1
0.00 to +3.00d........... 118 413 0.00 to +3.50d....... 75 419
+3.25d.ormore......... 20 1 +3.75d.ormore.. .....| 28 0
Left eye: Left eye:
—0.25d.orless........... 54 6 —025d.orless......... 14 0
0.00 to +3.00d........... 113 412 0.00 to +3.50d....... 82 420
+325d.ormore. ........ 23 1 +3.75d. ormore.. .....| 23 0
Total measurements....| 380 838 238 840
Noreading................. 1 0 0 0
Diopters:
—4.000rless............. 8 0 3 0
—3.00t0 —3.75........... 1 0 0 0
—2.00to —2.75........... 13 0 5 0
—1.00to —1.75. .......... 27 0 7 0
—0.25t0—0.75. . ......... 56 11 15 1
0.00........... 15 13 2 10
+0.25% +0.75........... 83 481 34 227
+1.00to +1.75. .. .. .. .... 82 312 68 506
+2.00t0 +2.75........... 40 18 32 90
+3.00t0 +3.75........... 132 11 ‘135 16
+4.00t0 +4.75. .. ........ 8 0 20 0
+5.00t0 +5.75........... 6 ¥ 14 0
+4+6.00ormore. ........... 3 2 3 0

1 Cutoff point is +3.00 for sixth grade, -+3.50 for first grade.
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APPENDIX D

Discussion of Correlations

The computation of the point correlation coefficient can be illustrated
with the values for sixth grade Teacher’s Judgment:

R N

609 i 190 419
R.... 197 80 117
N.... 412 110 302

We first multiply the numbers in the 2 categories where all students
would have fallen if the screening procedure were ideal: 80 302=24,160.
We next multiply the numbers in the 2 “odd” categories (students missed
and over-referrals): 110x117=12,870.

Clearly, if there is good agreement between screening procedure and
criterion, the first of these products will be much larger than the second.
If there were perfect agreement there would be no students in the odd
categories and the second product would be zero. The degree of cor-
respondence is indicated by the size of the difference between the
cross products, which, in this case, is 11,290.

A further step is required to reduce this figure to a value that is inde-
pendent of the number of students tested and the proportions of total
referrals or nonreferrals by ophthalmologist or screening procedure. This
is accomplished by dividing into 11,290 the square root of the product

of the inarginal totals: \/ 412X197X190X419, or 80,383. The quotient

11,290
30383’ F 0.14, is the correlation coefficient. This value shows that, in-

sofar as there is any agreement at all between teacher’s judgment and the
criterion, the agreement is in the “positive” or expected direction; it is
worth noting incidentally that without use of the correlation coefficient
one could as easily suppose the scatter showed some negative or inverse
correspondence between procedure and criterion.

By setting up several scatters and noting the values taken by numerator
and denominator, the relation between them is easily seen. For example,
if no students fall in the “odd” categories, the denominator will be the
same as the numerator, so the coefficient will be 1.00, indicating perfect
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agreement. If any students fall in the “odd” categories, the denominator
will be greater than the numerator, so the coefficient will be less than 1.00,
indicating less than perfect agreement. If there is no difference between
the cross products, the numerator will be zero and the coeflicient zero,
indicating no correlation. 1f the first cross-product is less than the second,
the difference will be a minus value, giving a negative correlation coefficient
indicative of inverse correspondence.

The correlation for a 2 x 2 scatter may be computed either as shown
above or by the method ordinarily used for larger scatters. The procedure
shown above is easier with, and is applicable only 10, a 2 x 2 scatter, but
the result is a true “product-moment” coefficient and is identical with the
result obtained by the other procedure.

The correlation computed directly from a 2 x 2 scatter is called a point
coeflicient because its use involves the assumption that the referral and
nonreferral categories are simply “either-or” or “point” distributions.
In computing the correlations on the basis of this assumption we under-
state the level of agreement that would be found if we could use a full
distribution of screening scores and a full distribution of ophthalmologist’s
scores in computing each correlation.

However. the understatement of the agreement is similar for the various
screening procedures, and the amount of understatement is not great
where, as in this study, the general level of correspondence hetween the
procedures and the criterion is not high.

So far as it is possible to take account of underlying distributions. and
thus to “‘correct” for coarse grouping into the referral and nonreferral
categories, the tetrachoric correlation coefficients in table 37 provide the
best available solution. These coefficients involve the assumption that
the distributions of scores underlying the referral and nonreferral cate-
gories conform to the “normal” distribution. Since this is by no means
certain, the relatively high values of these coefficients may be misleading
as regards the general level of agreement between screening scores and
criterion scores. Otherwise, use of the tetrachoric values in place of the
point coefficients in table 2b would have little effect on conclusions of
the study.

“We have not used “contingency co=fficients” because they would
understate the agreement between screening scores and criterion scores
even more than the point correlations. If desired, however, the  con-
tingency coefficient may be obtained for any scatter by taking the square
root of 72/(1+r%) ,where r is the value of the point correlation. Alse,
chi-square may be found by multiplying the number of cases (609 or 606
for the grade concerned) by the square of the point correlation. The
tetrachoric coefficient has no simple relationship to the point correlation,
the contingency coeflicient, or chi-square.

The statement is made in the text (p. 22) that there is no rigorous way
1o test the statistical significance of the differences among the correlation
coefficients. In theory, at least, such tests would be possible through the
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TABLE 37

Tetrachoric Correlations

Each correlation is for referral or nonreferral by the given screening procedure vs.
referral or nonreferral by the ophthalmologist. For the point coefficients analogous
to these tetrachoric coefficients, see the column headed “Correlations” in table 2b.

Correlation
Test Tester
Sixth First
grade grade
Judgment......... ... e Teacher................ .. 0. 24 0.30
Snellen, highstd. .............. .. Technician. . .......... o .82 .67
Nurse...........oovvunt. 67 .68
Teacher.................. .70 .70
Snellen,lowstd. .. ............... Technician. .............. .13 .68
Nurse .................. .69 .80
Teacher.................. .76 .68
Massachusetts. .................. Technician. .............. .72 .63
. Nurse .................. .63 .63
Ortho-Rater..................... Technician. .............. .53 ™)
Nurse................... .53 M
Sight-Screener. .................. Technician. . ............. . 63 ®)
Nurse................... .14 O]
Telebinocular, study std.......... Technician. . ............. .52 .61
Nurse................... .46 .38
Telebinocular, mfr’s. std.......... Technician. .............. .46 .51
Nurse................... .30 .38
Judgment and Snellen, high std. ...} Teacher.................. .48 .52
Judgment and Massachusetts. .. ... Teacher and Technician 2. . . .50 .50
Teacher and Nurse 2. . .. ... .50 . 50
Near Vision, highstd............. Technician. . ............. .51 .68
Nurse................... . 46 .45
Near Vision,lowstd............. Technician. .............. . 64 .65
Nurse................... .63 .55
Snellen, high std., and Near Vision, | Technician............... .72 .64
high std. Teacher and Nurse 3. ...... .63 .53
Snellen, high std., and Near Vision, | Technician............... .82 .67
low std. Teacher and Nurse 3. . .. ... .72 .13
Judgment, Snellen high std., and | Teacher and Nurse 4. ... ... .50 .48
Near Vision, high std.

1 Not administered to first grade.

2 Judgment by Teacher.

% Snellen by Teacher, Near Vision Test by Nurse.

4 Judgment and Snellen by Teacher, Near Vision Test by Nurse.

use of further scatters for the numerous intercorrelations of the screening
procedures. But the tests could not be made and interpreted without
involving some arbitrary assumptions about the distributions underlving
the referral and nonreferral categories.
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The study shows that all of the correlations of screening procedures
with the criterion are low, and there is reason to think that they can and
will be improved. Since littls relationship is to be expected between the
efficiency of the procedures as found in this study and the efficiency
they may show after improvement, the worthwhileness of testing the
statistical significance of differences among the procedures as they stand
may be doubted.
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