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CHAPTER I

INTRODUCTION

Need for the Study

The demands upon the reading skills of college students are

steadily increasing. It is now estimated that man’s knowledge doubles

every seven years. And this knowledge is not simply recorded, it is

considered and reconsidered in hundreds of different relationships.

The college textbook is only the beginning for the student

today. Far from containing the accumulated knowledge on any subject, a

text is likely to be a reference source to studies in depth despite its

summary and commentary. Pauk points out that:

Today’s students are confronted with a read-
ing task which differs decidedly from that which
students faced only a decade ago .... The
student mast ’run' to stay abreast fast-developing
fields and areas by riffling through stacks of
journals, magazines, newspapers, theses, bulle-
tins, and microfilms which contain the findings
of research from various parts of the world. 1

It is not unusual to hear a college freshman state that the

volume of reading assignments i3 overwhelming. Consider the fate of a

student who desires to participate in a reading improvement course but

^Walter J. Pauk, "Basic Skills Needed in College Reading," in

J. Allen Figurel (ed.), Reading for Effective Living . IRA Conference

Proceedings, Vol. 3 (New York: Scholastic Magazines, 1958), p. 44.

1
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drops out becauso he doss not dare take the time from his tightly mashed

schedule

.

Nor does the problem end with the beginning college students.

Spache and Borg* estimate the average businessman spends fifteen to

twenty hours a week reading technical reports, trade journals, and cor-

respondence relating to business. This is only preparation for his job,

yet it equals one-half the work-week of a wage earner.

Unable to maintain adequate contact with their field by read-

ing, many professional man return to summer workshops or to graduate

study. Bingham^ stated that recent graduates in Electrical Engineering

often return to the University of Colorado for advanced study, but must

re-enter undergraduate courses to grasp newly- developed concepts.

Conscious of these demands upon students ' reading skills ,
col-

leges began offering reading improvement courses. Shaw reports only a

few programs offered prior to 1950, but try I960 there were four hundred

courses in the colleges of the nation.^ Despite diversity of method

and goals, the programs developed to serve millions of students

.

A constant demand for careful consideration of aims and methods

accompanied the development of programs. Recently Shaw pointed out that

^George D. Spache and Paul C. Borg. Better Reading for Busi-

ness (New York: Thomas Y. Crowell Co., 1958), p. 1.

^Lloyd A. Bingham, Professor of Electrical Engineering,

University of Colorado, in a personal interview, December, 1964.

^Philip B. Shaw, nCollege Reading Improvement Programs of the

Future, w in J. Allen Figurel (ed.), Changing Concepts of Reading Instruc-

tion . IRA Conference Proceedings, Vol. 6 (New York: Scholastic Maga-

zines, 1961), p. 48.
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"the multifarious differences among the nation’s college reading programs

are well known,” but went on to state that the trend of future college

reading improvement programs was away from differences toward eclecti-

cism. Shaw also indicated the need for "recognition and acceptance of

the principle of a student’s sequential reading development from the

elementary school through college," and for integration of instruction in

reading into the regular college offering.
0

This emphasis upon mass instruction is somewhat in contrast to

a concomitant development of tbs application of clinical techniques to

the problems of reading. Rsygor notes that only recently has there been

a "development of a number of reading clinics in which the personal and

n
emotional problems of the reader are of prime concern." This develop-

ment is but one aspect of the influence of psychology upon the field of

reading.

Spache traces this Influence of psychology upon reading from

the nineteenth century emphasis on physiology of reading to the present

broad definition of reading as one aspect of the growth of the child as

Ibid., p. 48.

^Philip B. Shaw, "Integration of Reading Instruction with
•Regular' College Offerings," in Emery P. Bllesmer and Albert J.

Kingston, Jr. (eds.), Phases of College and Other Adult Reading Pro-
grams . NRC Tenth Yearbook” (Milwaukee, Wisconsin: Reading Center,

Marquette University, 1961), p. 122.

^Alton L. Raygor, "The Influence of Psychology on the Field
of Reading," in Emery P. Bliesmar and Albert J. Kingston, Jr. (ed3.).

Phases of College and Other Adult Reading Programs . NRC Tenth Yearbook
(Charlottesville, Virginia: Jarman Printing Co., 1961), p. 50.
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a whole. "Thus the ultimate goal of reading instruction became the

g
modification of the personal and social adjustment of the reader."

Obviously such broad aims demand careful application of learned

principles to reading instruction. Unfortunately classroom and clinical

practices have not kept pace with psychological thinking. Spache, noting

the continuation of earlier practices and emphases, stated:

The lag of classroom practices bohind psycho-
logical theory probably indicates that much of our
efforts for the next decade or so should be placed
upon improving our instructional procedures and
relating them more closely to the currant explana-
tions of the psychological nature of reading.

9

\

Raygor lists several psychological concepts which are fully

available at the present but not applied in the field of reading instruc-

tion. Among these are diagnostic and remedial techniques, including the

diagnostic syndrome, and statistical tools. In the vital area of indi-

vidual differences he feels that we have done practically nothing at the

college level to fit the curriculum to the needs of the individual.

^

A challenge to the clinician in the area of college reading was

given by Spache. He reminds us of the necessity for clinicians in col-

lege reading to be concerned with variables which influence success in

reading improvement . He states:

Clinicians should be productive in identifying
these factors, measuring and weighing their impact,

determining the interactions among factors, and

George D. Spache, "Psychological Explanations of Reading,"

in Oscar S. Causey (ed.), Exploring the Goals of College Reading Programs .

SWRC Tenth Yearbook (Fort Worth, Texas: Christian University Press,

1955), pp. 14-22

^Spache, " Physiological Explanations

^Raygor, op. cit., pp. 52-53.

• • . . , p» 22
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observing the results of attests to control
thesa elements.

One of the five categories of factors emphasized by Spach9 is

that of vision and other physical factors. Yet, despite studies point-

ing to the role which vision plays in reading, college clinicians tend

to ignore its effect upon reading. Three types of errors follow from

this neglect, (l) misuse of materials and equipment in an attempt to in-

crease eye-span; (2) misrepresentation of value of improvement courses

stemming from ignorance of the physical limitations of the visual pro-

cesses in reading; and (3) misjudgment of the transfer of training to

daily use because of unknown vision problems. Spache states:

In our opinion the college reading technician
faces the responsibility for ©valuation of student
vision for the purpose of relating his findings
to instructional practices. As the diagnostician,
he should be able to prescribe the type of reading
training which will be most feasible in view of the
student’s profile .... If his vision screening
methods indicate any unusual variations in the vis-
ual profile, the clinician should also assume the
responsibility for referring the student for pro-
fessional examination, and utilizing the implica-
tions of that testing in planning reading training
efforts .... In addition the college technician
should convey to his reading instructors sufficient
information about the visual process to prevent
them from repeating . . . faulty practices ....

While every reading clinician will concede the importance of

vision in a student’s reading performance, there is a tendency to ignore

it in practice. There are several reasons for this neglect, (l) the need

to deal with masses of students; (2) the time required to perform

^George D. Spache, "Clinical Work with College Students,” in

College-Adult Reading Instruetier. . IRA Perspectives in Reading I

(Newark, Delaware, 1964), p. 135.

^Ibid., p. 143.
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adequate visual screening; (3) the relatively small number of students

believed to be affected by vision problems; (4 ) the confused and con-

tradictory reports of the importance of vision to reading success; and

(5) the controversy among vision specialists as to what constitutes ade-

quate correction of vision problems as a base for success in reading.

Obviously the answer to these problems lies in studies which

clarify for the reading clinician the role of vision in reading. Re-

search has indicated that the relationship between vision and reading is

quite complicated. While some facts have been shown to be significant,

these have not beon sufficiently defined to be applicable to practice in

a reading clinic.

Thu3 the clinician desiring to consider vision as a factor in

reading is forced to make decisions based upon irepressions gained through

experience. In considering the visual needs of students, he may refer

too many or too few to vision specialists, and either decision is waste-

ful in terms of professional time
, money, or solution to the problem.

Moreover, the report of the vision specialist may not be directed toward

the student’s reading needs. The culmination of such confusion is in

the inadvertent recommendation that a student participate in a course of

reading improvement quite likely to lead to failure and frustration.

The present study was designed to contribute to the solution of

this problem by identifying vision factors and relating these to improve-

ment in reading skills. It is hoped that the clarification of these

relationships will help the clinician to test adequately the student's

vision and properly apply the test results in specific situations.
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Purpose of tho Study

The purpose of this study was to determine the relationships

between vision and change in reading shills as a result of a reading im-

provement course, and the effect of uncorrected vision problems upon

these relationships.

As a naans of studying this central purpose, the following

problems were considered:

1. Identification of vision factors in a battery
of twelve vision screening tests;

2. Determination of the amount of change in read-
ing skills as a result of a reading improvement
course

;

3. Determination of the relationships among vision
factors and changes in reading skills for all
subjects;

4. Determination of the relationships among certain
mental abilities and changes in reading skills
as a result of a reading improvement course;

5. Determination of the relationships between pre-
vious academic achievement and changes in read-
ing skills as a result of a reading improvement
course;

6. Determination of the relationships between
initial reading skills and change in reading
skills as a result of a reading improvement
course;

7. Identification of students who have uncorrected
visual problems;

8. Determination of differences in vision factors and
reading skills which are attributable to uncor-
rected vision problems.

An attest was made to relate the findings of tho study to the

problem of counseling students in a reading clinic.
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The Hypotheses

In order to fulfill the purposes of the present study, the fol-

lowing hypotheses were tested:

1. There are specific factors which are components
of vision and which are identifiable through
factor analysis of scores on a battery of vision
screening tests given to college students.

2. There are positive relationships between vision
factors, and change in reading skills as a re-
sult of a reading improvement course given to
college students.

3. There are positive relationships between levels
of certain mental abilities, and changes in
levels of reading skills as a result of a read-
ing improvement course given to college students.

4. There are positive relationships between previous
academic achievement, and changes in levels of
reading skills as a result of a reading improve-
ment course given to college students.

5. There are positive relationships between initial
levels of reading skills, and changes in levels
of reeding skills as a result of a reading im-
provement course given to college students.

6. The nature of vision factors, and their relation-
ships with changes in reading skills, differ among
subjects with uncorrectad vision problems and the
total group of subjects.

Definition of Term3

The field of vision testing and vision screening is replete

with technical terms. For this reason a Glossary of Vision Terms has

been prepared a 3 Appendix A.

Other terms used in the present study which are important to

clarity in the discussion of concepts are defined as follows:
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1. Academic achieverent potential is the predicted freshman

grade-point average for a student. This predicted average was determined

by the Office of Admissions prior to a student’s admission to Stetson

University, and is based upon measures of certain mental abilities, pre-

vious academic achievement, and other variables.

2. Change in reading skills refers to the difference between

scores made on a reading pre-test and on a reading post-test. Change

includes both improvement in reading skills and lo33 of reading skills

as a result of the reading improvement course.

3. Factor is used in this study to refer to the product of the

statistical procedure of factor analysis, that is, a statistically de-

rived functional unity. Exceptions are made in direct quotations.

4. Initial reading skills refer to the levels of skills in

rate of reading and in reading comprehension acquired by the student

prior to the reading improvement course. In the present study, these

levels of skills are measured by the Diagnostic Heading Tests, Survey

Section, Fora A, which was given prior to the course as a pre-test.

5. Mental abilities refer to those characteristics of the

student which are measured by the Verbal section and by the Mathematical

section of the Scholastic Aptitude Test prepared by the College Entrance

Examination Board. These characteristics are identified, respectively,

13
as Verbal Reasoning Ability and Numerical Reasoning Ability.

6. Previous acr-.der.~dc achievement refers to the leva! of attain-

ment in academic studies relative to the peer group with which the student

^College Entrance Examination Board, Scholastic Aptitude Test

(Princeton, New Jersey, 1963)

.
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attended high school. In the present study this is measured In terms of

high school senior class rank.

7. Reading improvement toutso refers to a program of study

following a prescribed curriculum, designed to improve the reading

skill(s) of students enrolled.

8. Relationship refers to systematic co-relation of variables,

the degree of which is usually expressed by means of a correlation coef-

ficient. Causality is not implied in either direction, but only concom-

itant variation.

9. Uncorrected vision problems refer to Inferred difficul-

ties in the process of vision identified by failure of one or more vision

tests presented by the Ortho-Rater. Standards are from the School Pro-

file, a tt! standard found desirable for students and individuals who

do clerical and administrative tasks. The School Profile was recommended

by the Bausch and Lomb Optical Company, developers of the Ortho-Rater,

for use in the University of Florida Reading Laboratory and Clinic.^

10. Vision refers to the complex process of seeing and inter-

preting external stimuli. A brief interpretation might be that it in-

volves ocular muscle coordination, lens accommodation
i
light transmission

through the lens to the retina, retinal Impulse transmission to the

brain by means of the optic nerves, fusion of the image by the brain, and

perception of meaning in the image.

^Bausch and Lamb Optical Company, by personal letter to

Dr. George D. Spache, April 26, 1951.
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Limitations of the Study

The present study was made at Stetson University, Deland,

Florida, in the fall semester of 1964-65. It is assumed that results

will not be seriously affected by changes occurring in the next five

years. Subjects tested were determined to be the poorest readers (as

identified by the Cooperative English Test, Reading Comprehension Sec-

tion, Total Score)^ in the entering freshman class. Caution must

therefore be used in applying the findings to students at other levels.

Visual problems are believed by the author to be in themselves

a screening factor in education. A higher percentage of academically

unsalectod students would be expected to have uncorrected vision prob-

lems (for example, in a large northeastern university). Stetson Univer-

sity is a private, southern, five-year university enrolling approximately

sixteen hundred students. Entrance requirements indicate its entering

freshmen are somewhat more select than, that is, above the level accepted

by, the large state-supported universities in Florida. Therefore, the

findings of this study probably can be applied to students in relective

four-year institutions and above.

Although Stetson University accepts qualified students of all

races, the subjects were predominantly Caucasian. No foreign student

completed the course, so interpretation is limited to English-speaking

Caucasian students.

^Educational Testing Service, Cooperative Test Division,
Cooperative English Tests, Fora IC (Princeton, New Jersey, I960).
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Of one hundred eighty students scheduled for the course, only

one hundred sixty-three could be used as subjects by virtue of complete

data. It i3 recognised that dropouts from such a course nay result from

many causes. The author deeply regrets such a loss, feeling that many

were consciously or unconsciously reacting to vision problems. Still,

conclusions should perhaps bo limited in application to students who com-

plete a similar course in reading improvement. For reasons stated above,

however, it is believed that a study of the entire group of one hundred

eighty students would reveal higher incidence of vision problems.



CHAPTER II

HISTORY OF THE PROBLEM

iha Peasant study has several facets, including screening of

vision in educational institutions, the relationship of vision to read-

ing, tha improvement of reading at higher educational levels, and factor

analysis as a research tool in studying vision and reading. This chap-

ter attempts to give the reader an understanding of these various facets

by referring to selected literature in each area.

Screenin'? of Vision in Education

Scientific studies of the relationship of vision to reading

began in Europe in tna middle of the nineteenth century. Soon after its

introduction in lco2, tno Snellen Chart began to be used to measure

visual acuity of students in schools. At this time the Chart was the

only device available to determine whether or not a student had sufficient

keenness oi vision to read. It thus became the first accurate means for

mass screening of vision in the schools.

Outer early studies of vision were concerned primarily with the

movement of tha eye during reading. Erdmann and Dodge began crude ob-

servations by watching one eye of the reader through a telescope. The

obvious difficulty with this procedure wa3 the lack of a verifiable

record. Emphasis upon securing accurate records led to the application

of the photographic method, which was gradually improved until the

13
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researcher was able to obtain a highly accurate record of the positions

of the eyes during movements and pauses, and the durations of these.

Studies of eye movement during reading led to several reforms,

including the shift of emphasis from oral to silent reading. Because

accurate records were retained, researchers were ablo to "analyze the

development of reading and to describe the stages of growth of the read-

ing ability.

The development of visual functions at various grades from

kindergarten to eighth was demonstrated by Park and Burri. Those authors

noted that:

... because of the lack of complete matura-
tion in the children entering school, many indicate
poor vision with little or no fusion or stereepsis,
and poor duction ability. But visual maturity
develops rapidly during the first two years of
school.

These understandings of the development of visual functions

led to an accurate means for diagnosing certain problems faced by indi-

vidual children in learning to read. The studies also point out a defi-

nite change in the concept of vision by a large number of specialists in

vision, psychology and education. Prior emphasis, based upon nineteenth

century physics, was upon the structure of the eyas, related muscles and

nerves. Tests by the mechanist were made with the eyes in a static

^Frank N. Freeman, "The Place of Laboratory Experiment in Edu-
cational Research," Pevicw of Educational Research . Vol.*4 (January.
1934), p. 97.

2
George E. Park and Clara Burri, "Eye Maturation and Reading

Difficulties," Journal of Educational Psychology . Vol. 34 (December.
1943), p. 543.
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position; the goal was exact monocular refraction. Correction involved

glasses, dedication and surgery; prevention was precluded by the theory.

In keeping with a general trend in the sciences, the now

emphasis was upon the dynamics of vision. The functionalist was con-

cerned with the p3ycho—physiological process of seeing as a learned task.

Tests involved both monocular and binocular functions at various working

distances in order to analyze interferences in binocular functions.

Since patterns of seeing were learned, faulty seeing could ba corrected

through re-education (orthoptics).

Prevention of visual difficulties is the key-
stone of the program suggested by those who emphasize
the dynamics of seeing, or seeing as learned . . .

the functionalist is concerned with the development
of visual readiness for certain seeing tasks . . . .3

Betts pointed cut that binocular coordination required in read-

ing was not subject to scientific study until the development of material

on visual sensation and perception and material on oculomotor habits."^

Studies at the Shaker Heights Reading Clinic convinced Betts that binocu-

lar coordination was essential to rapid and efficient reading habits.

Thus he stated:

A one-eyed person with normal acuity . . . has
little or no difficulty with the confusion of let-
lets and words. A two-eyed person presents a dif-
ferent problem; not only must the dominant eye fis
on a word or phrase, but its companion also must

3
^Emmett A. Betts and Agnes S. Austin, Visual Problems of School

Children (Chicago, Illinois: Professional Press, 1942 ) , pp . 77-78

.

^Emmett A. Betts, "A Physiological Approach to the Analysis of
Reading Difficulties,” Educational Research Bulletin, Voi. 13 (June,
1934), P. 164.
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fix on the same target simultaneously and with a3
much precision and speed. In addition to this,
the mind must fuse or combine the right-eye and
left-eye images for normal perception. Many of
our reading problems are traceable to a lack of
coordination between the two eyes and to the
probable failure of the mind to combine right-
eye and left-eye pictures for proper interpreta-
tion. 5

The need for screening tests of visual functioning in addition

to the screening of far acuity by means of the Snellen Chart was shown

by the Medical Department of the Shaker Heights Clinic. It was found

that "approximately 90 per cent of the non-readers and severely retarded

readers (required) medical attention before receiving pedagogical help."^

These students were found to have faulty binocular coordination and

astigmatism. Betts determined that seven visual items needed exploration

in screening students, including (1) refractive errors, (2) muscle bal-

ance, (3) size and shape of ocular images, (4) visual fusion, (5) monocu-

lar and binocular eye movements, (6) interpupilary distance, and

(7) visual imagery.

Concerned with the lack of availability of convenient tests of

visual functions for researchers and educators, Betts devised the Betts

Sensation and Perception Tests as a part of the Betts Ready to Read Tests .

?

Stereogram slides were placed in the Keystone Ophthalmic Telebinocular so

that the left eye could see only its half, and the right eye only its

half of the slide. In order to test each eye separately, one half of

^Ibid., pp. 164-165.

6Ibld . , p. 165.

^Emmett A. Bett3, Manual of Directions for Heady to Read Test3

(Meadville, Pennsylvania: Keystone View Co., 1934).
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the slide was left blank of targets; in order to tost binocular func-

tions a target was placed before each eye to be fusod into a single pic-

ture. In this way the eyes functioned simultaneously while the vision

of either eye or of both eyes was studied.

So concerned with the need for normal visual sensation and per-

ception was Betts that he stated:

Before entrance to the first grade, every child
should be thoroughly examined by a competent eye
specialist. A certificate of visual readiness to
read should be required . The number of visual aber-
rations among both able and disabled readers rake
this a mandatory policy for adoption by all school
administrators .

®

Many other researchers had voiced concern over the method of

u-crooning vision in public schools. Some authors published tests designed

„o improve upon the Snellen Chart. Hildreth and Axelson developed an

adaptation ot too Snellen Chart which was designed to motivate young

9
luames made available the Eames Eye Test which measured acuity

at twenty feet, and also astigmatism, coordination of the eyas, and far-

sightedness.”^

Jensen^ designed the Tests for Color-Blindness. Visual Acuity.

Astigmatism which provided a measure of two-eyed vision, of color, and of

astigmatism as woml as of acuity. Although the Jensen and the Eames Tests

^Betts, o£. cit., p. 163.

o
Gertrude Hildreth and Aljhild Axelson, ’’Improved Visual Acuity

Tests for Young Children." Teachers College Record. Vol. AO (December.
1933), pp. 229-236.

10
Thomas E. Eames, "Improvement in School Eye Testing." Education.

Vol. 56 (September, 1935), pp. 14-18.

“^Milton B. Jensen, Tests for Color-Blindness, Visual Acuity .

Astigmatism (New York: Psychological Corporation, 1935
)~
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were not measuring tho same visual functions and were not of equal valid-

ity (Spacho^ pointed out tho problems related to each test), each was

an improvement upon tho single measure of acuity.

Aware that educators were dissatisfied with results of vision

testing with tho Snollon Chart, Oak investigated tho efficiency of the

Visual Sensation and Perception Tests in identifying school children who

needed ocular examination. He concluded that "the Telebinocular sorts

out too many cases for practical purposes and . . . misses cases needing

to be referred for ocular attention.

Two points should be considered with regard to Oak’s study.

First, the criteria against which the Telobinocular was compared were

determined by a single ophthalmologist, and though apparently reliable,

were not checked for validity. Second, the norms for Bett’s tests were

designed to screen for children with functional problems which would

affect their reading, rather than for the usual criterion of "adequate"

vision applied by opthalmologists. Nevertheless, Oak’s data shewed from

50 per cent to 75 per cent of a random sample of one hundred children

failed one or more of the Telebinocular Tests, seemingly a high number.

Betts and Austin replied to the criticism of over-referral

by the Telebinocular by describing a study of one hundred thirteen students:

“^George D. Spache, "Testing Vision," Education, Vol. 59 (June,

1959), pp. 623-626.

-°Lura Oaks, "An Appraisal of the Betts Visual Sensation and
Perception Tests as a Sorting Device for Use in Schools," Journal of

Educational Psychology . Vol. 30 (April, 1939), pp. 241-250.
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When visual acuity alone is considered, the
findings of this study agree in general with . . .

previous investigations .... As findings are
added to the referral routine, nora cases are
referred . . . . There is a cumulative effect
of using certain additional tests. For example

,

26.55 per cent of 113 cases were referred on the
basis of acuity for distance. Additional find-
ings from other tests increased the referrals so
that when the six findings ware used, 66.37 per
cent of the cases were referred.-^

Bennett, studying causal elements operating among primary grade

pupils caking slou progress in learning to read, concluded that "various

types of visual dysfunction cay sometimes contribute to difficulties in

reading. This conclusion supported Bett's recommendation that chil-

dren who failed various' vision tests be carefully studied.

Using the Telebinocular according to procedures described by

Betts in the Manual of Directions, Dalton tested five thousand eight hundred

twenty-one students in grades three through twelve. Only 17.6 per cent of

the elementary pupils and only 12 per cent of the high school pupils passed

all twelve of the tests. He concluded that "either the test shows an exces-

sive amount of defect or . . . visual defectiveness is very prevalent among

school children."^0

Complications in visual screening.—As the relation between

vision and reading became more widely recognized, more attention was

given to studies which identified various vision defects in students.

But these studies indicated the relation between reading and vision wa3

^Betts and Austin, op. cit . . p. 62.

^Chester C. Bennett, An Inquiry into the Genesis of Poor Reading .

Teachers* College Contributors to Education, No. 755 (Mew York: Bureau of

Publications, Teachers* College, Columbia University, 1938), p. 106.

l6
M. M. Dalton, "A Visual Survey of 5000 School Children,"

Journal of Educational Research, Voi. 37 (October, 1943), pp. 82-83.
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more complicated than seen at first glance; the interpretation of results

was complicated by several findings. Batts' findings that able readers

also have vision problems was of particular importance. It was also

determined that an eye deficiency might not always be a liability. For

example, Segel reported that "myopia proved advantageous to persons doing

certain kinds of work and possibly in facilitating reading.'

A second effect complicating the relation between reading and

vision is that of visual fatigue. A student might be able to control the

functions of the eyes for briof periods, for example, in order to pass

visual screening tests, but might be unable to operate efficiently over

an extended period. Thus Betts reminds us that "given normal visual

acuity . . . the student must have the power to maintain his binocular

coordination during the entire period of reading."^ In this same

vein. Park and Burri stated:

If for soma reason the eye3 can no longer ^
function as a unit, fusion ha3 a tendency to

break, causing potential diplopia, and the re-
sulting interference becomes a disturbing factor
in the process of reading. 2^

Obviously involved in the fatigue effect is the motivation of

the student. If the student has one or more visual problems he may con-

trol these over a given period of time, despite increasing discomfort, as

^Emmett A. Betts, "A Physiological Approach to the Analysis of

Reading Difficulties," Educational Research Bulletin. Vol. 13 (June,

1934), p. 163.

^David Segel, "Measurement of Aptitudes in Specific Fields,"

Review of Educational Research . Vol. 2 (January, 1941), p. 46.

^Betts, "A Physiological Approach . . . , p. 174.

^George E. Park and Clara Burri, "The Effect of Eye Abnor-
malities on Reading Difficulty," Journal of Educational Psychology .

Vol. 34 (October, 1943), p. 540.
"
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required by his goal. The fact that visual screening is presented as a

"test" of vision i3 sufficient to motivate such a student to exercise

control of vision problems during the brief testing period.

Carmichael and Dearborn attempted to determine the effect upon

normal subjects of fatigue created by six hours of continuous reading.

It is interesting to note that their data indicated a significant increase

in the average Keystone Steraopsi3 scores.

This increase may have been so great as to
obscure completely a 'fatigue ' factor, if it
existed at all. But at this point the differ-
ences observed are better explained as duo more
to practice effect.^"

Despite the fact that the Betts' tests did not adapt to the

test-ratast design, these authors concluded that prolonged visual work

"does not bring about any detectable and consistent physical alteration

in the visual mechanism which changes the ability of this mechanism to

perform in an effective and normal way" at either the high school or at

22
the college level. It would seem, then, that marked decrement in

visual functioning during sustained use of the eyes would indicate a vis-

ual problem in need of attention since it did not occur in normal sub-

jects.

Visual careening using the Ortho-Bator .—Screening of vision

was also being emphasised in industry. Imus reported a shift of emphasis

"from primary concern for first aid following accidents to selection and

21
Leonard Carmichael and Walter F. Dearborn, Renoir? and Visual

Fatigue (New York: Houghton Mifflin Co., 1947), p. 373.

22
Ibid., p. 360.
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classification of personnel for job placement.”

2

-5 Too, a groat demand

for adequate visual screening cane about through requirements for rapid

screening of inductees into various armed forces schools during World

War II.

To fulfill such needs, other visual screening devices were

produced. One such device vas the Bausch-Lomb Ortho-Rater. The battery

of twelve vision tests presented with this instrument was developed in

part at the Statistical Laboratory for Vision Tests at Purdue Univer-

sity.'"^ This battery of standardized precision vision tests was used

by staff researchers at Purdue University as a basis for a research

approach to industrial problems in vision.

The Bausch and Lomb Optical Company published profiles as mini-

mum Ortho-Rater standards for various industrial jobs. As a service to

educators, this company recommended as a School Profile the same Ortho-

Rater standards as those for individuals who do clerical and administra-

25
tive tasks. In elementary schools about 35 per cent to 40 per cent

of the students were expected to fail this standard.

Several Armed Forces studies comparing the merits of various

vision screening devices were summarized ty Inns. The reported

21
"Henry A. Imas, “Testing Vision in Industry,” Reprinted from

the Transactions American Academy of Ophthalmology and Otolaryngology
(January - February, 1949), p."l of reprint.

2%. Edgar Wirt, “Statistical Laboratory for Vision Tests at
Purdue University, 1

* Journal Applied Psychology . Vol. 30 (August, 1946),
p. 358.

25
Bausch and Lomb Optical Company, forwarded with letter of

transmittal to Dr. George D. Spacho, University of Florida, April 26,
1951.
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coefficients of reliability of the vision tests are shown in Table 1.

TABLE 1

COEFFICIENTS OF RELIABILITY OF VISION
TESTS COMPILED FROM SELECTED REP0RTSa

Test

Far vertical phoria
Far lateral phoria
Binocular far
Monocular far
Depth
Binocular near
Monocular near
Near vertical phoria
Near lateral phoria

Ortho- Sight-
Rater Screener

.79 .61

.87 .80

.88-. 93 .70

.81-.90 .84

.83 .57

.84-.87 .70

.80-.90 .77

.73 .55

.81-. 92 .83

Tele- Clinical
binocular Tests

.63 .64

.75 .81
- .81-. 97
.78-. 86 .80-. 97,

79 .62-.72“

,72 .67
,71 .75-.73
- .74
85 .90

61
Reported by Henry A. Ims, "Testing Vision in Industry"

Academy ofJNohthalrolcgy md Otol r^-r
January - February, 1949.

^The Howard-Dolman Test.

According to these Armed Forces studies, the Bausch-Lcmb Ortho-Rater ap-

peared to be the most reliable stereoscopic instrument for screening

vision when compared with similar stereoscopic instruments. Reliability

of the Ortho-Rater compared favorably with that of clinical tests by

ophthalmologist s

.

A thorough study of an extensive battery of commercial visual

screening tests and specially constructed vision tests was conducted by

Robinson and Euelssam. The purpose of the study was to select tests of

vision to be related to reading achievement . Factor leadings revealed
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that the Ortho-Rater was among tho best measuring devices for vertical

phoria, depth perception* and acuity.
2°

The, controversy over visual screening in schools .—Crane and

other ophthalmologists coopered the results of screening by stereoscopic

machines (Ortho—Rater, Telebinoeular, Sight-Scraener) and the Massachu-

setts Vision Test, using clinical tests of vision as criteria. These

anchors reported !, all of the correlations of screening procedures with

criterion (clinical findings) are low."*"^ The Snellen Chart (note:

actually no Snellen Chart was used; tho Massachusetts Vision Test Chart

was accepted as equivalent) and Massachusetts Vision Test were "the moot

efficient — or least inefficient — of tho procedures tested." 20

Crane* o report, which became widely known as the St. Louis

Study, had the effect of reducing the number of stereoscopic screening

instruments used in schools. For ©sample, on the basis of Crane’s re-

port, the Florida State Board of Health adopted as standard procedure

the use of the Atlantic City Test or the Massachusetts Vision Test rather

than poloroid or stereoscopic instruments. Tho Committee on Conservation

of Vision of the Florida Medical Association was quoted as saying:

Instruments such as the Telebinoeular, Sight-
Screener, and the Ortho-Rater . . . are not suit-
able for school eye screening for many reasons.
The worst objection ... is that they refer for

2A
Helen K. Robinson and Charles B. Euelsmun, Jr., "Visual

Efficiency of Progress in Learning to Read," in Helen M. Robinson (cd.).
Clinical Stud5.es in Reading II (Chicago: University of Chicago Press,
1953), pp. 55-59.

27
M. M. Crane, et al, , Screening School Children for nsual

Defects , Children’s Bureau of Publications, No. 345 (Washington, D. C.:
United States Government Printing Office, 1954), p. 92.

28
Ibid ., p. 24.
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©ys examinations far too many children whoso eyas
ara normal. This has baen demonstrated in con-
trolled studios such as that of Crane . . . ^
Thus in Volusia County, Florida, all Keystone Telebinocular

instruments previously used by visiting public health nurses were with-

drawn. These public schools now utilise tho Massachusetts Vision Test,

'‘E
n-Chart, screening only acuity of students at a distance of twenty

feet.

Among authors who sevaraly criticized Crane's report was Kelly,

uao pointed out statistical, errors as well as errors in experimental

design. His objections were raised primarily because the widespread

reporting of erroneous conclusions from the study "handicapped the

establishment of sound visual screening programs in our schools. 1"3°

As early as 1943, Russell, discussing the growth of the tboozy

of interaction between vision defects and reading habits, pointed out

that:

It now forms the basis of many optometrists 1

practices in the adjustment of visual difficulties,
and it may be that educational psychology has been
afflicted with some of the conservatism, of orthodox
ophthalmology in its failure to study, from a frond
angle, the whole problem of relations between read-
ing abilities and visual defects.31

2Q_
Selection of Eye Screening Apparatus for Uso in Florida

Schools , Florida State Board of Health (December, I960)

.

•^Charles R. Kelly, Visual Screening and Child Development
(Raleigh, North Carolina: North Carolina State Teachers College, 1957),
pp. 2-11.

31
David H. Russell, "Note on a New Theory about Visual Function-

ing and Reading Disabilities," Journal of Educational Psychology. Vol. 34
(February, 1943), pp. 115-120.
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This difference of basic philosophy between the nodical and the opto-

metric vision specialists has created acre or less an impasse in the

development of visual screening programs for schools. But in general

there is medical domination of school screening procedures. Spache states:

County and state public health officials insist
upon the use of the completely inadequate Snellen
Chart because it fits the modical concept of the
vision process.^2

The controversy over the bast method for school screening of

vision, as well as the implications of such screening, has continued.

Aware of the controversy, Taylor suggested screening by questionnaire .

^

Initial screening was done by classrooa teachers through the Functional

Readiness Questionnaire. Students referred by teachers ware given The

Functional Readiness Inventory, a one-hour series of tests involving the

vision focus mechanism and acuity, the dynamic reactions of the diver-

gence and convergence functions, and photographic eye-movement records.

Corrective techniques were recommended for students whose functional

readiness was inadequate.

Taylor reported that from a group of three hundred college

freshmen, all seventy-eight who made low scores on the Advanced Iowa

Silent Reading Tests "had vergonee and/or focusing difficulties."

32
George D. Spache, "Classroom Reading and the Visually Handi-

capped Child," in J. Allen Figurel (ed.), Changing Concents of Reading
Instruction , IRA Conference Proceedings, Vol. 6 (New York: Scholastic
Magazines, 1961), p. 94.

33garl A. Taylor, Byes, Visual Anomalies, and the Fundamental
Reading Skills (New York: Reading and Study Skills Center, 1959), p. 6.
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Silly twenty of the seventy — eight read with the mechanical ability

expected of college students. 34 Of forty-four freshmen who cade satis-

factory scores on the Iowa Silent Reading Tests, it was stated that:

Over one-third of the group were found to have
vergenee and/or accommodative difficulties which
could affect their reading performance. Reading
graphs of the grojp revealed . . . twenty (less
than half) were reading at the college level
mechanically.35

Thus Taylor.’ s data indicate from 50 per cent to 25 per cent of college

freshmen have vision problems which affect their reading performance.

Rosenbloom also commented on the use of a checklist of visual

symptoms byyteachers to identify pupils needing professional eye care.

He stated:

Available research studies suggest that in those
instances where the observations are carried out by a
trained classroom teacher, the use of a carefully
selected checklist of visual symptoms can be a valu-
able supplement in identifying visual problems.3&

However, Spache has pointed out a solution to the choice of

vision screening tests, at least at the elementary school level. He re-

fers to the "developmental approach" which places emphasis upon careful

observation of posture, perceptual-motor-skills, ocular pursuits,

directionality, and visual perception. Spache states: "The developmental

34Ibid. . p.3.

35Ibid ., p.3.

3&Alfred A. Rosenbloom, Jr., "Promoting Visual Readiness for Read-
ing," in J. Allen Figurel (ed.). Changing Concepts of Reading Instruction .

IRA Conference Proceedings, Vol.6 (New York: Scholastic Magazines, 1961;,
p. 93.
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approach offers not clinical tests of vision, but educationally prog-

nostic tests of significance to reading teachers.

The developmental approach to visual screening follows the

thinking long established in industrial ophthalmology. Imus reminded

that "for job placement it is not necessary that the vision screening

tests predict the results of clinical tests of vision. If the teat pre-

dicts performance on the job, that is sufficient.

Carrying this reasoning over to vision screening at the college

level, the clinician might utilise stereoscopic screening devices to pre-

dict performance in reading, rather than need for clinical vision analy-

sis. The primary requirement of the test battery for thi3 purpose is

reliability.

In summary, it might be said that educational screening of

vision has developed along two lines of reasoning. One theory, the

mechanistic, emphasises the structure of the eyes and is concerned with

the condition of the eyes in a static state. The other theory, the

functionalistic, emphasises seeing as a learned function involving binoc-

ular coordination of the eyes in a dynamic state. The controversy

between adherents to these theories has prevented development of an

adequate method of school screening of vision. Consequently, specialists

in related fields have recommended educationally prognostic tests rather

than tests which predict clinical findings.

In the present study the Ortho-Hater is used in an attempt to

determine its value as an indicator of functional visual readiness for

reading

.

•'•'Spaehe, '-Classroom Reading . . . . , p. 93.

3%mus, op . clt .
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Vision and Rs.ad.ir?

If a student is to road by moans of the eyes, then ho must

.uSve sufficient vision to see the print and to discriminate one symbol

fro.ui anotnor • cams is the lurst and obvious relationship botweea vision

and reacting, and it led to the us© of the Snellen Chart as a means for

measuring acuity of vision.

However, as specialists sought an understanding of the reading

process, they naturally studied more carefully the operation of the

sensory organs utilized. There developed from,these studies an increas-

ing awareness of, and understanding of, the cle>3© relationship between

the reading and the vision processes.

As has been described earlier, the development of photographic

records of eye movements during reading led to a better understanding of

the reading process. It became obvious that if the vision mechanism were

required 'to perform these precis© movements any interference would prob-

ably retard development in reading.

For this reason educators stressed observations of pupils in

the classroom to determine if symptoms of vision problems were apparent.

Teachers were asked to report for tasting any child who squinted, could

not see the blackboard, had red and watering eyes, or other symptoms of

poor vision. Such observations enabled the discovery of severe vision

problems.

But the development of reading from oral to silent, from slow

to rapid, from adjunct to major tool in education, changed visual re-

quirements as wall as curriculum. As greater stress was placed upon th©
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vision mechanism by continuous, rapid, and sustained near—point activity,

specialists found nor© subtle vision problems affecting reading skills.

For example , Bennett said, "the question of pedagogical significanco i_

whether reading disabilities often result from minor visual defects of

which pupil and teacher nay continue unaware.^

In attempting to discover predictive relationships between

vision and reading, researchers have considered (l) the total aet of vis-

ion and the total act of reading, (2) specific vision problems and spe-

cific reading skills, and (3) combinations of vision problems and reading

skills

.

Barnes emphasized the relationship between oyo muscle imbalance,

particularly exophoria, and reading difficulties/
0

As previously noted,

Betts developed screening tests and pointed out reading problems arising

from hyperopia, interpupilary distance, and other aspects of development

of the visual mechanism when young children are learning to read. Betts

found that about 10 per cent of severely disabled readers at the Shaker

Heights Clinic had a low depth perception level, while all good readers

with binocular vision passed the test for stsrsopsis. Ha concluded,

r;
'Although stereopsis itself is not essential for the formation of good

reading habits, the factors involved do apparently contribute to reading

success.

'"^Bennett, op. cit .

,

15.

^Thomas H. Eames, “A Comparison of Ocular Characteristics of
Unselected and Reading Disability Cases, 15 Journal of Educational Research .

Vol. 25 (November, 1932), pp. 211-215.

^Emmett A. Betts, “A Physiological Approach to the Analysis of
Reading Difficulties," Educational Research Bulletin . Vol. 13 (June,

1934), p. 171.
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Witty and Kopel compared groups of poor readers with normal

readers in grades three to six. In both groups they found similar inci-

dence of refractive errors, lessened acuity, and lateral muscle imbalance,

concluding that the one visual problem which differentiated the poor

reauers was Sxow fusion. 11 Daspits these negative findings the authors

remarked that "normal vision is indubitably essential to maximum attain-

ment."^2

Imus, Rothney, and Bear described a careful evaluation of vis-

ion in reading, using as subjects the entire freshman class at Dartmouth

College . When the subjects were grouped according to diagnosis of ocular

defects there were no significant differences among them in initial per-

formance on reading tests, in gains on reading tests, or in academic

achievement either prior to or during the college freshman year. The

authors stated, "Wo have found no general important differences in per-

formance of subjects grouped according to the physiological conditions

of the eyes." -4^

Clark, after a survey of the literature relating to visual de-

fects and reading disabilities, concluded that the difference was insig-

nificant between good and poor readers with regard to the number of visual

defects.

42paul A. Witty and David Kopel, "Eeterophoria and Reading
Disabilities, “ Journal of Educational Psychology. Vol. 24 (Karen, 1936),
p. 230.

4^henry A. Imus, John W. Rothney, and Robert M. Bear, An Evalua-
tion of Visual Factors in Reading (Hanover, New Hampshire: Dartmouth
College Publications, 1933), pp. 35-48.

Clark, "3inocular Anomalies and Reading Disability,"
American Journal Ophthalmology . Vol. 23 (October, 1940), pp. 835-891.
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In a study of over five thousand school children in grades

one through eight, Dalton reported, "On the average there is no signifi-

cant diiference ... in reading ability or in progress through the

grades between pupils with defective vision and normal vision. "45

A relatively high correlation (r = .465) between total vision

scores and '’corrected" reading scores was reported by Park and Burri.

The authors concluded this correlation indicated "a definite relation

between eye abnormalities and reading difficulties." Various eye dif-

ficulties showed different degrees of influence on reading ability.

Monocular individuals had less trouble with reading, indicating that the

major role of ocular defects in causing reading disability lies in dis-

turbance of binocular vision.46

Thi3 finding supports the emphasis which Betts placed upon

binocular functions. 4*7 Imus, Rothney, and Bear also pointed out that

"cases of monocular or alternating vision are notoriously free from sub-

jective troubles until attempts are made to re-establish binocular use

of the ayes. "42

Russell reported increasing emphasis upon the i.nterg.cticr;

between reading and vision. His studies led him to believe that just as

visual defects may cause poor reading skills, ineffective skills and

^*M. M. Dalton, "A Visual Survey of 5000 School Children,"
Journal of Education:! Research . Vol. 37 (October, 1943), p. 94.

4°George E. Park and Clara Burri, "The Effect of Eye Abnormali-
ties on Reading Difficulty," Journal of Educational Psychology . Vol. 34
(October, 1943), p. 429.

4~3etts, "A Physiological Approach . . . , pp. 163-174

•

4°lmus, Rothney, and Bear, 02. cit . . p. 35.
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habits of reading may bo causes of functional visual defects. Conse-

quently ho listed as one of the important conclusions expressed by

writers that many visual dysfunctions are learned

Robinson pointed to tho importance of patterning in visual

tests which subjects failed. For example, single failures of lateral

phoria at near-point often occurred, but were considered valuable for

analysis only if accompanied by failures in other tests. Failures in

depth perception were, however, accompanied by other failures in all

instances but onej thus in reading this seems to indicate loss of

binocular coordination and to signal earlier fatigue and decrease in

rate of reading. 5^

Edson, Bond, and Cook found no significant differences in

reading between groups of children with normal vision and groups with

defective vision. Nor was there any significant difference between the

dispersions in the distributions of reading test scores for the children

who passed, or who failed the different visual tests.

The studies described above illustrate the wide differences of

opinion to be found throughout the literature regarding the relation

between vision and reading. Authors seeking guidance from study of

^David H. Russell, "Note on a New Theory about Visual Func-
tioning and Reading Disabilities,® Journal of Educational Psyeholcfry .

Vol. 34 (February, 1943), p. 116,

50
Helen M. Robinson, nVisual Efficiency and Reading,” in

Clinical Studies in Reading I ., Supplementary Educational Monograph No. 6S
(Chicago: University of Chicago Press, June, 1949), pp. 105-106.

52W. Edson, Guy L. Bond, and Walter W. Cook, "Relationship
between Visual Characteristics and Specific Silent Reading Skills,”
Journal of kducatrlonai Re; roh. Vol. 46 (February, 1953), p. 455.
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recced literature express the feeling of confusion prevailing. After

quwvj.ng examples of both extremes and Eid-ground rogerding the degree of

relationship between vision and reading, Eberl stated, "In fact an

analysis of the literature leaves one in an extrema state of confusion. n ^2

Such conflicting reports from various studies have prevented

conclusive statements regarding the relationships between vision and

coveral reasons for the conflict become apparent. Probably

most important is that gross defects in vision do not severely affect

reading. Gross defects are readily observed and corrected where possible,

or lead to compensatory adjustment on the part of the student. When the

degree of ocular error is high, it is easier for the student to suppress

vision of one eye, or to alternate vision.

But students with moderate vision problems will quite likely

be unaware of their existence, and less aware of the effect upon academic

achievement. As Inus, Rothney, and Bear state, “Slight abnormalities

Pi.oduce cc„i licts and misinterpretations of visual space and perception,

problems wnich are much less amenable to self-analysis or to crude obser-

vation.

Further difficulty arises from the implied curvilinear relation-

ships between some vision functions and reading skills. Unless statisti-

cal adjustments are made in handling the data, relationships are likely

to be underestimated because of a cancelling effect.

^
^Marguerite Eberl, "Visual Training and Reading," in Helen M.

Rooinson (ed.y, C-inical Studies in Reading IT (Chicago: University of
Chicago Press, 1953), p. 141

"imus, Rothney, and Bear, op. cit., p. 35.
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iiios3 problems point out the need for careful consideration

of experimental design in studying the vision-reading relationship. An

example of the more sophisticated study is that by Robinson and Huelsman.

-ne major purpose of these authors was to investigate the relationship

between visual efficiency and reading progress. However, they recog-

nised th3 need to first determine the adequacy of the tests to be used.

A preliminary factor analysis of an extensive battery of commercial

vrcual screening tests, along with tests constructed specifically for

tne study, led to selection of vision tests to be considered in this

study. The authors then attempted to relate the selected vision tests

o0 fading achievement. Five statistical procedures were spoiled to

the data, culminating in a multiple—group factor analysis.

Seven groups of test correlation coefficients were chosen from

the complete matrix of two thousand five hundred fifty-six coefficients.

Those groups were identified as (l) reading, (2) depth, (3) far acuity,

(4) near acuity, (5) suppression, (6) fusion, and (7) vertical phoria.

The authors concluded that:

Certain visual characteristics were identified
which appear to be related to reading ....
Centroids representing reading and several aspects
of visual performance appear to be related. This
conclusion offers hope for identifying a pattern
of visual tests which will be more valuable for
screening purposes than those used in preceding
research. 54

Kelly also completed a significant study relating vision and

reading. Utilising the Keystone Telebinocular and Gatos Reading Tests,

Kelly studied the relationships among visual skills and reading. His

^Robinson and Huelsman, oo. cit.. pp. 62-63.



data indicated that failure in one visual skill will often be related

to failure in others, but these will not necessarily be related with

poor reading skill3. There was confirmation that the myoptic student is

generally an above-average reader, but the very poorest groups also had

core than average amounts of myopia. This relationship is folt to have

been a source of confusion in findings regarding the relationship be-

tween myopia and reading skills. 25

hyperopia was in general related with poor reading skills, but

when phoria also existed the students showed pronounced deficiencies in

reading scores. However, this relationship is also confusing, since

hyperope3 who were exophoric at near-point were better than average of

the total group.20

Kelly summarised the findings of the study as follows:

Good readers tend to have the following visual
characteristics: myopia; straight eyes (no lateral
imbalance); good fusion or no fusion at all (mono-
cular vision) . Poor readers, on the other hand,
tend to have: hyperopia; lateral imbalance; over-
convergence; fusion problems. These statements are
based upon many highly significant differences be-
tween reading skills of groups having each of the
above visual characteristics, and average children. 57

As a challenge to authors finding no relationship between read-

ing and visual skills, the most significant difference reported by Kelly

is noted. This was between myopic children with no lateral imbalance and

hyperopic children with lateral imbalance. "These two groups differed

55
Charles R. Kelly, Visual Screening and Child Development

(Raleigh, North Carolina: North Carolina State Teachers College, 1957),
pp. 22-26 .
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Eora than a standard deviation in four-year reading proficiency scores,

a difference significant at £ less than .00001 l"58

Spache and Tillman summarized related studies in literature

which attempted to relate specific areas of visual defects to reading

ability. Briefly, their findings are as follows:

(1) Fuelon: poor fusion does not occur often, and
reading scores may be normal except for slower
speed; fusion problems tend to retard learning
to read; good roaders have good fusion or no
fusion at all.

(2) Stereopsis: as such is not required for read-
ing, but the degree of fusion necessary for its
achievement contributes to acquisition of good
reading habits.

(3) Phorias: findings are conflicting, but generally
the child unable to converge or remain converged
has reading problems. Both esophoria and exc-
phoria are associated with poor reading scores,
but usually in combination with other visual
problems

.

(4) Acuities, myopia, hyperopia: generally unrelated
to reading, but myopes tand to be better roaders
than hyperepos.

(5) Suppression: partial or incomplete suppression
causes serious visual handicaps in reading; com-
plete suppression rosuiting in one-eyedness mnv
improve reading ability under such conditions.-^

5S
Ibid., p. 36.

cq
•^George D. Spache and Chester E. Tillman, "A Comparison of the

Visual Profiles of Retarded and Non-Retarded Readers," Journal of
hevelopmsatal Reacting . Vol. 5 (Winter, 1962), pp. 101-103.
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In their comparison of retarded and non-rotarded readers,

Spache and Tillman conclude that tho study:

. . . Iend3 definite support to the idea that
defects resulting in fusion difficulties are
strongly related to reading difficulty. The three
significant differences found support each other
in indicating a weakness in binocular acuity at
near point among retarded readers.^

These students wore found to be poorer in left-eye acuity, had

marked differences in acuity between the two eyes, and failed the te3t

of binocular acuity in significant numbers.

Referring to a study of the binocular coordination of several

thousand children needing corrective and remedial reading, Taylor found

that 95 per cent showed a lack of sufficient coordination and fusion to

carry out reading and study activities in a satisfactory manner. He

states:

Thi3 binocular control must be maintained during
the dynamic act of reading. When the reader doe3 not
have an adequate amount of binocular control, accurate
word recognition is discouraged in two ways. First
the word form becomes less distinguishable as the
reader fluctuates in his binocular control. Secondly,
as the reader fights to maintain single binocular
vision, an undue amount of energy is consumed. For
many, thl3 expenditure of energy results in visual
fatigue and a general feeling of discomfort which, in
turn, decreases the reader's ability to concentrate
and increases his susceptibility to distraction.

Taylor's comments seem to describe a large number of subjects approaching

reading clinics for help.

^
°Ibid . . pp. 108-109.

6lIbid.

^Stanford E. Taylor, "Sensation and Perception: The Complexity
of Word Perception," Journal of Developmental Reading . Vol. 6 (Spring,

1963), pp. 191-192.
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To summarize, we might state that studies relating vision to

reading have been numerous, but findings were conflicting. Major focus

has been placed successively upon the relation of visual acuity, then

refractive errors, then binocular coordination as these relate to reading.

Early attempts to determine visual patterns related to reading failed,

but gradually additional information has come to light which helps to

explain the conflicting reports.

In the interaction between the visual and the reading pro-

cesses, either process may affect the other. Gross visual defects may

be corrected or compensated for, thu3 do not tend to affect reading

skills; slight abnormalities which affect binocular functioning are re-

lated to poor reading. In addition to this curvilinear relationship,

fatigue may affect visual function under sustained use, but fatigue is

subject to control and dependent upon motivation. Both students and

teachers may be unaware of minor vision problems or their effects upon

reading.

Nevertheless, some combinations of vision skills are believed

to be related to reading. Without doubt there is need for further study

to clarify the still-existing confusion.

Reading Improvement at the College Level

In designing a reading improvement program at college level,

one must be cognisant of the problems faced by reading specialists in

such programs. In 1933 Irnus, Rothney, and Bear commented that the growth

of interest in the problems of reading performance at the college level

was indicated by extensive literature in the field, by appointment of
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individuals to direct remedial reading programs, by an increased number

of courses offered, and by the number of meetings of associations de-

voted to the reading problems. The authors interpreted these facts as

indicative of a fad which would scon die, leaving but a small residual

effect upon educational procedure.^3

Twenty—seven years later this dire prediction has not yet been

fulfilled. Fortunately, there has boon continued Interest on the part

of researchers who felt keenly the need for assisting college students

to overcome what they believe is a serious problem. An indication of

the serious attitude taken by college administrators is the rapid in-

crease of reading programs offered. Shaw reported that during the

1950-60 decade there was an increase of about four hundred colleges of-

fering reading courses. 0^ Such expenditures of funds and efforts would

appear to be based upon proved value rather than fad. McDonald states:

Rapid development of remedial (corrective)
reading courses for college students has beon
spurred by the research studies which show a
close relationship between college success (aca-
demic grades) and reading abilities as measured
by one or more reading tests.

Reading improvement at the college level seems to be important

for at least three reasons: (l) the ever-increasing load placed upon

^Imu3, Rothney, and Bear, op . cit .. pp. 1-2.

^Philip B. Shaw, "College Reading Improvement Programs of the
Future," in J. Allen Figurel (ed.), Changing Concepts of Reading Instruc-
tion. IRA Conference Proceedings, Vol. 6 (New York: Scholastic Maga-
zines, 1961), pp. 48-51.

^Arthur S. McDonald, "Influence of a College Reading Improve-
ment Program on Academic Performance," Journal of Educational Psychology .

Vol. 48 (March, 1957), p. 171.
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students, (2) the relatively low reading abilities of college students,

and (3) indications that reading courses help students improve their

reading skills.

The increasing reading load placed upon a student is an attempt

both to cover the rapidly expanding voluxca of literature in his field,

and to have him cognizant of other fields. Libraries no longer number

their volumes in thousands, but today hold millions of books, journals,

papers, theses, bulletins, and microfilms reporting knowledge from all

over the world. The task of today’s student is to read and utilize them.

Yet the reading skills of today's college students are not

geared to this demand. Sixty-one per cent of Carter's subjects (college

freshmen) reported that their high school teachers had provided no oppor-

tunity to improve their reading skills; 70 per cent had not been taught

how to critically evaluate a writer's bias and use of preconceived ideas;

63 per cent had not been taught how to read a chapter effectively.^

Halfter and Douglass refer to two-thirds of the entering college popula-

tion as "inadequate" in college-required reading skills.^

Earl Taylor reports that "over 30 per cent of the . . . students

enrolled in colleges and universities of the country either fail or have

great difficulty in meeting the demands of this type of environment."

^Komer L. J. Carter, "Effective Use of Textbooks in the Reading
Program," Oscar S. Causey and William Eller (eds.), Starting and Improv-
ing College Reading Programs . NRC Eighth Yearbook (Fort Worth, Texas:
Christian University Press, 1959), p. 156.

^Irma T. Halfter and Frances M. Douglass, "Inadequate College
Readers," Journal of Developmental Reading . Vol. 1 (Summer, 1958), p. 52.

68
Sarl A. Taylor, Functional Readiness and School Adjustment

(New York: Reading and Study Skills Center, 1956), p. 5.



42

The establishment of remedial and developmental reading pro-

grams has been an attempt to improve the level of ability of these

students. Entwisle, reviewing reports for twenty—two reading improvement

and study skills courses, concluded that such courses are usually fol-

lowed by significant gains. These observed gains tend to persist, and

academic performance is improved.^9

Brown stated that improvements of from 30 per cent to 35 per

cent may be expected in only five weeks of classvork in remedial reading

as described in her study:

In general the better readers improved more
than the poorer readers when absolute increases
are considered. Individual cases of improvement
may run as high as 250 per cent or more.'^

Other authors have pointed out that all students do not im-

prove. Earl Taylor states:

Obviously a great many pupils improve, but
a large number cannot adjust satisfactorily in
spite of improvement in reading ability. As is

so often the case . . . the symptom (the reading
difficulty) is given the attention while the
cause is ignored. 171

Thus, one of the problems in organizing a reading program is

the selection of subjects who are most likely to mala improvement in

their reading and study skills. Studies indicate some students derive

more from instruction than do others, but there is too little information

available to suggest the reasons for such differences in progress.

^Doris R. Entwisle, "Evaluations of Study-Skills Courses: A
Review," Journal of Educational Research . Vol. 53 (November, I960), p. 250.

70
Louise Brown, "Development of Reading Rate and Comprehension,"

Journal of Developmental Reading . Vol. 3 (Autumn, 1959), p. 61.

^Sanford E. Taylor, loc . cit.
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Schneyer suggested that if the reading instructor is aware of

the elements associated with the progress or lack of progress in a read-

ing program he may be of help to his students in at least two ways:

First ho will be able to select those students

who are most likely to improve their reading and

study skills. Second ... the instructor may be

able to help those students who seem least likely

to benefit from instruction.'

Soma of the elements impeding progress may be amenable to change, and

thus poor readers may prepare themselves to improve their skills at a

later tima.

Types of courses .——Subjects selected for reading instruction

may be considered for either (l) remedial or (2) developmental instruc-

tion. Shaw differentiates between these terms (respectively) as n a gap

between a student's achievement and potential" and "a gap between a

student's developed ability to meet the needs of the past and his ability

to iiset the more challenging demands of the present." Shaw points out

that "only a limited segment of the population needs remedial instruction

£whilej all of a population can benefit from developmental instruct!on . "

^

This seems to be in agreement with the thinking of Halfter and Douglass

who emphasise the more advanced thinking-reading skills required at the

college level.

^

72j. Wesley Schneyer, "Factors Associated with the Progress of

Students Enrolled in a College Reading Program," in J. Allen Figurel (ed.).

Challenge and E;-roeriment in Reading . IRA Conference Proceeuings, Vol. 7

(New York: Scholastic Magazines, 1962), p. 167.

73shaw, "College Reading Improvement Program . . . , p. 50.

7%alfter and Douglass, op. cit . , pp. 42-53.
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It may bo generally stated that reading improvement programs

at the college level have fallen into three categories: (l) those

based upon counseling policies, (2) those emphasizing training by mechan-

ical devices, and (3) those centering instruction upon books or prepared

materials. Counseling leads to discussions and evaluations of problems,

and to teaching of techniques and methods. Machines are utilized for

motivation and establishing "mechanical” skills. Textbooks give infor-

mation on effective reading and learning, and manuals and materials

provide exercises.

Recently the trend has been toward a combination of thoss ap-

proaches, utilizing the best features of each to accomplish a particular

task. In the present study the reading improvement program is a com-

bination, utilizing counseling and supported by mechanical devices.

Aims of courses.—However, specific results of these courses

are seen to vary as widely as the aims for the courses with a great deal

of disagreement as to what is desirable. As Heilman has stated:

Educators at the college level have long been

aware of the fact that many students, who other-

wise have the ability to do college work, fail

because of inefficient reading habits .... An

extremely slow rate of reading i3 ons of the prob-

lems found most frequently among inadequate

readers.^

Thus rate of reading is a skill singled out for improvement by many

courses.

^Arthur Heilman, "Rapid Reading: Uses and Abuses," Journal

of Developmental Reading . Vol. 5 (Spring, 1962), pp. 15S-159.
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Rood reports:

A significant increase in rate of reading with-
out change in comprehension or vocabulary Cwhich

U

suggests that rat© is an independent factor in the
reading process. Furthermore, rate will increase
as a result of training, and this increase has sene
degree of permanence .76

Heftel reports that students "who show the greatest aptitude

are also the initially fastest readers and will probably profit the most

from rate training. In the same vein, Weeks stated that in his

study, "poor students can improve greatly, sometimes the improvement

being quite amazing because they were so slow to start with.” On the

other hand, the fact that better students tend to make evon greater

strides "supports the oft-presented view that our better students are

loafing along unchallenged and are certainly working below capacity."^

Schick cautions that rate is dependent upon several variables

including comprehension of materials read.^9 Thus Davis writes:

The measurement of rata of work in reading for
various purposes poses many difficult problems.
Number of words read per minute is in itself a

^Jamss C. Reed, "Some Effects of Short-term Training in Reading
under Conditions of Controlled Criteria," Journal of Educational Psychol-

ogy . Vol. 47 (May, 1956), 262.

^Daniel L. Heftel, "Gains in Reading Speed Compared with Aca-
demic Aptitude and Initial Rate,” Journal of Developmental Reading .

Vol. 4 (Spring, 1961), p. 211.

^^Louis E. Weeks, Jr., "Speeding up Reading: A Self-Help
Program for College Freshmen," Journal of Developmental Reading . Vol. 3
(Autumn, 1959), p. 42.

^George B. Schick, "Progress and Poverty in College and Adult

Reading Programs,” in J. Allen Figurel (od.). Challenge and Eynerlrant

in Reading . IRA Conference Proceedings, Vol. 7 (New York: Scholastic

Magazines, 1962), p. 56.
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meaningless score. To be meaningful it must be
associated with a score indicating the extent
of comprehension that has been attained. 60

One solution to this dilemma was the efficiency index sug—

guoocu by t>rown, obtained by multiplying rate in words-per-ninute by

comprehension calculated in per cent.

The efficiency index is a usable concept ...
it tends to smooth out inconsistencies which may
be introduced by systematic errors . . . when
either speed or comprehension is used separately.61

Spach3, however, notes that the concept tends to hide important infor-

mation which is indicated by the separate scores.^

Reed notes that short-term training in reading does not yield

material differences in comprehension as it does in rato.63 Singer sug-

gests that wherever possible the development of skill in power and rate

should be alternated. "In agreement with the meaning theory of learning,

understanding or power of reading should be developed first, then effi-

ciency or speed of response next."s4 Rankin reports that his students

in "the Rate-group not only read faster ... but they also improved

as much in vocabulary, comprehension, and total reading proficiency as

^Frederick Davis, "Measurement of Improvement in Reading
Skill Courses," in Emery P. Bliesmer and Ralph C. Staiger (eds.), Prob-
lems. Programs, and Projects in College-Adult Reading . NRC Eleventh
Yearbook (Milwaukee: Reading Center, Marquette University, 19ol), p. 39,

81i

82,

Brown, op. cit., pp. 59-61.

George D. Spache in a personal conference.

^%eed, op. cit .

S
^Harry Singer, "Substrata Factor Theory of Reading: Theoretical

Design for Teaching of Reading," in J. Allen Figurel (ed.). Challenge and
Experiment in Reading . IRA Conference Proceedings, Vol. 7 (New York:
Scholastic Magazines, 1962), p. 230.
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tho Comprohen3ion-grGup ....’' He explains that poor cozqprehension

nay result frca many factors including slow reading. 85

The important effect of purpose in reading was discussed by

Davis. Quoting studies which indicated the variation in rate resulting

from change in purpose, ho stated: "The measurement of rate of reading

must be made under conditions that unambiguously define, the purpose for

which reading is being carried on.
nS° Davis concluded that techniques

commonly used for measuring changes in rate of reading brought about by

reading skill courses have been inadequate for the purpose.^7

A3 has been indicated, rate and comprehension are inseparable

in the reading process. Although they may be looked upon as separate,^

this view is pointing out that the relationship varies mathematically

according to a reader's purpose.^ Rankin has reviewed studies showing

correlations ranging from -.47 to .92; such variation is to be ejected

in the light of flexibility of reading purpose

Still many authors debate the value of reading improvement

courses emphasizing rate or comprehension singly. However, the position

gr
"uarl ?. Rankin, Jr., "Sequential Emphasis upon Speed and Com-

prehension in a College Reading Improvement Program," Journal of Develcn-
m3ntal Readin'? . Vol. 7 (Autumn, 1963), p. 53.

°^Davis, on. cit., pp. 30-31, 36.

S7Ibid.. p. 36.

SS
Reed, loc. cit.

89
'Davis, on. cit., pp. 30-40.

^Rankin, op . cit . . pp. 47-50.
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taken in the present study is that suggested by Pauk^ and Spache and

92
Berg that the student should strive for flexibility, that is, for con-

trol of rate and comprehension as required by purpose.

Mechanical devices .—Th© use of Eschanical devices as aids in

reading improvement programs has generated a large number of studies.

Early devices such as the Metronoscope and Harvard Series of Reading

Training Films led to the development of "package" programs. The Per-

ceptcscop© and tho Controlled Reader are examples of these.^ Killer,

reporting practices of two hundred thirty-three colleges, indicated the

most-used devices were reading accelerators, the tachistoscope, and

films. The Controlled Reader, relatively new at the time, was usod most

often for training, but also for motivation and group drill.

^

Some of the values of controlled reading were mentioned by

Earl Taylor. These included improvement of directional attack and return

sweep, reducing regressions, broadening the span of recognition, and

^Walter J. Pauk, "Basic Skills Needed in College Reading," in
J. Allen Figure1 (ed.), Reading fox* Effective Living . IRA Conference
Proceedings, Vol. 3 (New York: Scholastic Magazines, 1958), p. 44-

^George D. Spache and Paul C. Eerg, Better Reading for Busi-

ness (New York: Thomas Y. Crowell Co., 1958), pp. 16-17.

^Edmund N. Fulker, "A Decade of Progress in College and Adult
Reading Improvement," in Oscar S. Causey (ed.). Significant Elements in
College and Adult Reading Improvement . NRC Seventh Yearbook (Fort Worth,
Texas: Christian University Press, 1958), pp. 44-48.

%Lyle L. Killer, "Current Use of Workbooks and Mechanical Aids,"
in Oscar S. Causey and William Eller (eds.). Starting and Inrovir? Col-

lege Reading Programs . NRC Eighth Yearbook (Fort Worth, Texas: Christian
University Press, 1959), p. 74*
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thereby reducing fixation tics. In general, basic visual skills were

learned and could be developed and improved through use of mechanical

devices.95

Concern regarding overemphasis on mechanical devices is ex-

pressed by Heilman. He stated:

In the majority of reports mechanical devices
are not appendages .... Rather they seem to be
close to the hea^t of the program - a major or
essential part.9°

Earl Taylor feels this indicates misuse of the devices by clinics, since

it is recognized that an instrument "can neither teach reading nor re-

place the teacher."97

In the present study, the Controlled Reader was utilized to

establish the experience of rapid reading with comprehension by overcom-

ing caution, establishing confidence in dealing with vague and indistinct

portions of words, and perhaps by improving visual discrimination, as

suggested by Spache.9°

Interrelation of reading skills and other variables .—Since

there is a possibility of relating results of the present study with

variables other than reading skills, it is appropriate to consider

06
Earl A. Taylor, "The Fundamental Reading Skilly" Journal

Developmental Readin-? . Vol. 1 (Summer, 1958), p. 26.

'Arthur Heilman, "New Challenges and Old Problems in College-
Adult Reading," in Emery P. Bliesmer and Ralph C. Steiger (eds.). Problems .

Programs, and Projects in College-Adult Reading . NEC Eleventh Yearbook
(Milwaukee, Wisconsin: Reading Center, Marquette University, 1962), p. 212.

^Taylor, "The Fundamental Reading Skills," . . . , p. 29.

^George D. Spache, "A Rationale for Mechanical Methods of Im-

proving Reading," in Oscar S. Causey (ad.), Significant Elements in Col-

lege and Adult Reading Improvement . NRC Seventh Yearbook (Fort Worth,

Texas: Christian University Press, 1953), pp. 126-127.
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findings of other researchers as to these interrelations. Heftol con-

pared gain3 in reading rate with academic aptitnde and initial rate.

After an eight-week, sixtosn-session reading improvement course, college

undergraduates greatly increased both rate and comprehension of reading

material. The rank-order correlation between gain in narrative rate and

acadenic aptitude was r = .65, p = .01, and between gain in study-type

rate and academic aptitude was r = .45, p - .05. Students who were

initially the fastest readers gained nest; initially slowest readers

gained least. Academic aptitude is measured by a predictive index, that

is, Ba combination of weighted scores from the freshman guidance exami-

nations which correlated highest with academic success.”*^

From his study McDonald concluded that progress in reading was

related to academic success since "students who completed the Cornell

Reading Program significantly surpassed subjects in the control group in

regard to cumulative grade point average for the three semesters of the

study . . . .
R“^0

In a study of an entire college freshman class, Vlnyard and

Massey found that nthe linguistic 3kills of vocabulary, paragraph compre-

hension, and spelling are related substantially with intelligence. Each

of those variables is also related substantially with scholastic success.”

Much of the strength of th3 relationships present among these linguistic

skills and between the linguistic skills and scholarship was believed by

the authors to be due to their common saturation with intelligence.

^Heftel, op. cit., pp. 210-211.

^%cDonald, on. cit .. p. 170.
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Removal of the influence of intelligence "reduces to insignificance the

relation between . . . scholastic proficiency and speed of paragraph

comprehension.” There remained a moderate relation between vocabulary and

speed of paragraph comprehension.
J'°~ These findings were corroborated in

later studies. 102

As one might expect, the relationships among reading and non-

reading variables were found to be complicated by their interaction.

Bloomer demonstrated that students whose intelligence was greater than

their reading ability did not improve their reading skills to the extent

of students whose initial reading ability matched their intelligence.

He suggested these high capacity students do not feel as sharply the

need to read, tending to use other techniques for classroom success.^3

Bloomer data also demonstrated that while variables other than

reading were affected by college reading programs and that "they change

concomitantly with reading test gains and produce an increment in academic

achievement, thoy are not related to reading test gains.” He recommends

a re-examination of programs to determine variables contributing to aca-

demic success.

“ AEdwin E. Vinyard and Robert B. Bailey, ”Interrelations of
Reading Ability, Listening Skills, Intelligence and Scholastic Achieve-
ment,” Journal of Developmental Reading . Vol. 3 (Spring, I960), p. 173.

102
Edwin E. Vinyard and Harold W. Massey, "The Interrelation of

Certain Linguistic Skills and Their Relationship with Scholastic Achieve-
ment When Intelligence is Ruled Constant,” Journal of Educational
Psychology . Vol. 43 (May, 1957), pp. 270-236.

•^Richard H. Bloomer, ”The Effects of a College Reading Program
on a Random Sampling of Freshmen," Journal of Developmental Reading .

Vol. 5 (Winter, 1962), p. 117.

104lbid.
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General trends which appeared in his data are reported b

y

Kama . Students high in aptitude or high in reading level (comprehen-

sion and vocabulary) did not improve in reading level. None of the

variables (college aptitude, study habits, initial reading performance)

was related to improvement in reading rate, nor did improvement in one

reading shill contribute appreciably to improvement in any other reading

105
skill. The effects of motivation, interest, and personality are

106
pointed out by Spacho

.

One may summarize the studies of reading improvement at col-

lege level by stating that (l) courses have demonstrated their value,

(2) the trend is toward a combined method of instruction, (3) results

are geared to purpose ami method of instruction, (4 ) rate of reading can

be improved relatively easily, but there is less certainty of improving

other reading skills, and (5) there seems to be confusion about tho

interrelationships among increase in reading skills and other factors

generally related to student success.

In the present study the interrelationships of reading skills

(rate and comprehension) , academic achievoidsnt, verbal ability and

mathematical ability (SAT), academic potential (PGA) and vision sk±ll3

are studied.

^Richard A. Kamman, "Aptitude, Study Habits, and Reading
Improvement,” Journal of Developmental Reading , Vol. 6 (Winter, 1963 ),

pp. 35-85.

106
George D. Spache, "Clinical Work with College Students,”

College-Adult Reading Instruction . IRA Perspectives in Reading No. I

(Newark, Delaware, 1964), pp. 133-141.
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Factor Analysis of Vision, and Rgr.dj-.7i?

As studios of vision have increased in depth, particularly by

those emphasizing the dynamics of vision, it has become more obvious

that many variables were involved. And in studies relating vision and

reading, researchers found confusing interaction of the many variables.

For this reason, reported results of these studies have created a maze of

conflicting ideas and beliefs.

As Cattail has observed, in the social sciences:

The researcher is presented with so bewilder-
ing a multitude of possible variables that unless
he factorizes to find the inherent organisation
... an immense waste of effort could (and does)
take place.

Thus some authors have attempted to gain a better understanding of the

variables and their interaction by factor analysis of their data. In

this way, effort has been made to determine functionally independent

variables and observe their degree of interaction.

Vision skills .—Unfortunately, there have been few studies

which report factor analysis of vision skills. Studying the vision of

adults, Cook reported a factor analysis of acuity and phoria measurements

obtained by standard clinical techniques and by commercial screening

devices. He concluded that retinal resolution (acuity) is measured, as

well as or better by screening tests than by wall charts; lateral phoria

at far-point is measured more reliably by screening instruments . than by

the Maddox Rod tests, a clinical device. These conclusions clearly sup-

port the use of commercial screening devices such as the Ortho-Rater.

‘^Raymond B. Cattell. Factor Analysis: An Introduction and Man-

ual for the Psychologist and Social Scientist (New York: Harper and
Brothers, 1952), p. 16.
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Cook concluded that acuity and depth teste had tho following

contributing factors: (l) retinal resolution, (2) lens accommodation,

(3) fora (letter) perception, (4) resistance to interference, and

(5) depth perception. Pkoria measurements indicated the following

factors: (l) lateral phoria, a general factor measured best by screen-

ing devices, (2) near lateral phoria (converging efficiency), as meas-

ured by screening tests, (3) hyperphoria (vertical phoria), and (4) far

vertical phoria rest (a change noted on retest)

Robinson and Huelsman studied the vision of elementary school

children as measured by eighteen vision screening devices. Factor

analysis of test scores indicated vision functions were best measured

by subtests of various test batteries, but the Ortho-Eater tests were

among those with the highest loadings.

Four factors related to acuity identified by highest loadings

were (l) acuity, (2) differentiation between far and near acuity tests,

(3) differentiation between performances by right ©ye, left eye, both

eyes, and (4) an instrument factor. A single factor depth was extracted

from measures of depth perception, while three other factors were

^%llsworth B. Cook, "A Factor Analysis of Acuity and Phoria
Measurements Obtained by Commercial Screening Devices and by Standard
Screening Methods,” Research Project NM-003-011 (X-493) , Report No. 4
(New London, Connecticut: United States Medical Research Laboratory,
U. S. Naval Submarine Base, 1946), in Helen M. Robinson and Charles B.

Huelsman, Jr. (eds.), "Visual Efficiency and Progress in Learning to
Read," Clinical Studies in Reading II . Supplemental Educational Monograph
No. 77 (Chicago : Uaiversity " of"Chicago , 1953), p. 37.

^Robinson and Huelsman, on. cit., pp. 55-59.
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considered artifacts. Phoria factors wore not named because of the na-

ture of the data. -^ It has been previously noted that both vertical

and lateral phoria functions are curvilinear.

Despite the fact that Robinson's subjects were elementary

3chool children and Cook's subjects were adults, important similarities

appeared in their data. Three of the four acuity factors were similar,

while a fourth was dissimilar because Cook included in hi3 study tests

of form perception not utilised by Robinson and Huelsman.

As indicated in Table 2, both authors identified a "general

acuity" factor, called retinal resolution by Cook. The second acuity

factor was related to differences between far-pcint and near-point test-

ing, which Cook associated with accommodation. The fourth acuity factor

seemed to be related to use of an instrument for testing, and Cook con-

sidered the factor as identifying a resistance to interference.

Robinson and Huelsman's third acuity factor wa3 related by the

authors to differences in performances among right eye, both eyes, and

left eye. This has been referred to by other authors as anisometropia,^"1-

acuity imbalance, and fusion aiding, and acuity difference

Actually the factor might involve several visual problems, including

(l) differences in lens function of the two eyes, such as myopia and

n
°Ibid.. pp. 56-53.

-•-“•Sari A. Taylor, Eyes. Visual Abnormalities and tho Fundamental
Reading Skills (New York: Reading and Study Skills Center, 1959), p. 101.

112
Kelly, on . cii . „ p. 5

^Spache and Tillman, op . cit., p. 106.
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hyperopia, (2) differences in size and/or shape of images of the two

eyes, whether because of anisekonia or astigmatism, (3) interference

with fusion, and (4) suppression.

TABLE 2

COMPARISON OF VISUAL FACTORS IDENTIFIED BI
COOK AND BY ROBINSON AND HUELSMAN

Factor Cook Robinson and Euelsnan

Acuity factor A retinal resolution acuity
Acuity factor B lens accommodation differentiation between

far-near acuity tests

Acuity factor C form (letter) per- differentiation between
ception right, left, both eyes

Acuity factor D resistance to inter-
ference

instress'nt factor

Depth factor depth perception depth

Vertical phoria A hyperphoria
Vertical phoria B far vertical phoria

rest -

Lateral phoria A lateral ohoria
Lateral phoria B near phoria lateral -

In both studies there was a factor related to depth perception

Robinson and Huolsuaa declined to name factors in phoria measurements,

presumably because of the curvilinear nature of the relationships. Cook

it should be noted, indicated two factors in each of the planes of meas-

urement.

Rssdirrr skills .—There has been a greater confusion of vari-

ables in studies of reading. Studies in depth have uncovered a variety
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of variables, and the confusion as to their interaction is evident in

related literature. Again there is need to isolate and delineate the

variables.

The traditional factor analysis in th3 area of reading has

been designated to determine the factors in reading tests. Generally

subjects are given a battery of reading tests, and from the intercor-

relations of scores on the many subtests the factors are extracted which

account for the variability.

Langsam conducted a factor analysis of reading scores of col-

lege women on a battery of reading tests. From the twenty-one variables,

five factors ware extracted and interpreted as involving (l) ideas and

meaning, (2) perception, (3) word fluency, ( 4 ) numbers, and (5) seeing

relationships

.

A comprehensive battery of reading tests was administered to

one hundred college freshmen by Hall and Robinson. Their analysis

yielded six factors. From the leadings of these factors the authors

concluded that comprehension, rate of accuracy, and verbal knowledge

represent three separate aspects of reading.

An analysis of scoros earned by one hundred forty-one high

school students on a comprehensive battery of reading tests was made by

"^Rosalind S. Langsam, WA Pactoral Analysis of Reading Ability,"
Journal of Erreerirasntal Education . Vol. 10 (September, 1941), p. 62.

^%illiam E. Hall and Francis P. Robinson, "An Analytical
Approach to the Study of Reading Skills," Journal of Educational Psy-
chology . Vol. 36 (October, 1945), p. 441.
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Crook. An oblique rotation of tho intercorrelations yielded (l) a verbal

factor lor power of reading and (2) a grammar factor for speed.

Singer reported five factors from a factor analysis of thirty-

six tests. It should bo noted, however, that his study varied from tho

traditional in that tests were selected a3 appropriate to a given defi-

nition of reading. Of the five factors extracted, two involved reading

comprehension and one involved rato of reading.

Holmes and Singer broadened their study to include a number of

domains hypothesised as being relevant to the reading process. Of the

eight factors extracted from fifty-four tests, four were related to

reading. One was identified as a ’’verbal knowledge and symbolic reason-

ing factor
np another was a "phonetic word-structure factor." Two per-

ceptual factors were identified, ono related to listening and the other

to visual-verbal perception. When these factors wore related to speed

and power as separate tasks, only on the first factor were there signifi-

cant leadings.

-

Lj-°

The eighth factor from the Holmes and Singer study was called

a mechanical interest factor, and is definitely related to Cook's "resist-

ance to interference" factor, and to Robinson's "instrument" factor.

116
Frances E. Crook, "Interrelationship Among a Group of Lan-

guage Art Tests," Journal of Educational Research . Vol. 51 (December,
1957), pp. 305-317.

117
Harry Singer, Conceptual Ability in the Substrata Factor

Theory of Reading (unpublished Doctoral dissertation, University of
California, Berkeley, California, 1961).

113
‘ Jack A. Holmes and Harry Singer, The Substrata Factor Theory :

Substrata Factor Difference Underlying Reading Ability in Known Groups
(Berkeley, California: mimeographed at the University of California,
1961), pp. 258-259.
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Although tho studies described have pointed out relatively

independent factors in vision and in reading, there has been little ef-

fort to relate these. Robinson and Huolsman utilized multiple-group

factor analysis with data from the fifty-nine tests of vision and read-

ing which were selected. This analysis resulted in the selection of

seven groups identified as (l) reading, (2) depth, (3) far acuity,

(4) near acuity, (5) suppression, as measured by binocular reading,

(6) fusion, and (7) vertical phoria.“'^

These data illustrate the reduction in numbers of variables

through discovery of their inherent organization as recommended by

Catto11.

The experimenter who chooses his variables
on mere hunches may find that in his blindness
he has taken two or more variables which are
really different manifestations of the same
thing.

Through factor analysis it is hoped that the more pertinent variables

will be isolated.

There is clearly soma agreement in vision factors isolated in

the studies by Cook and by Robinson, and among authors who have isolated

factors in reading. Confusion of factors isolated is seen to bo in part

related to the tests -used to gather data, and to the method of handling

data. Confusion has been related to limitations of early methods of

factorization. It is believed that these limitations are overcome in

the present study.

^Robinson and Huelsman, op. cit .. p. 61.

120
Cattell, op. cit .. p. 16.
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because of the difficulty of interpretation of the relation-

ships of the factors reported and the reading skills, the present study

has been designed to minimize the number of factors in this area. A

single reading test was administered, with subtosts measuring comprehen-

sion and rate of reading. These skills have been found to be relatively

separate functions of reading.

Surmarv

The screening of vision in an educational setting has developed

parallel to an understanding of the reading process and its relation to

vision. In t; e latter half of the nineteenth century emphasis was

upon visual acuity, since it was recognized that a student must be able

to see well enough to differentiate letters. Screening for this purpose

was adequately accomplished through the use of the Snellen Chart.

As experimentors understood the movements of the eyes during

reading, emphasis began to be placed upon more subtle vision problems

vhich might interfere with reading. Some authors emphasized seeing as

a learned function, and recommended screening for prevention as well as

for correction of vision and reading problems.

It was not until the stress of modern education upon the

vision mechanism became apparent in the performance of "good readers"

that real emphasis was placed upon visual screening. Still, the basic

differences in philosophy between vision specialists emphasizing

mechanics and function of the eyes has created an impasse in the develop-

ment of an adequate vision screening method for education.
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Specialists from related fields have continued to point out

the need for comprehensive visual screening. Recently these recommenda-

tions have specified educationally prognostic tests of vision rather

than tests designed to predict clinical findings.

It is primarily upon the relationship between vision and read-

ing that the educator's interest is based. Studies have shown the

development of reading affected by the development of vision in students.

Whether at primary or college level, both good and poor readers have

vision problems likely to affect their reading efficiency.

But the intricacy of the relation between reading and vision

has become apparent in the conflicting reports from many researchers.

The multitude of variables involved, as well as their interaction under

varying circumstances, has led to considerable confusion among special-

ists of all fields.

A promising method for discovering the functionally independ-

ent variables in vision and reading, as well as their degree of inter-

action, is factor analysis. Soma progress has been made in extracting

vision factors and reading factors. Unfortunately, few studies have

related the two groups of factors.

The present study is an attempt to isolate vision factors in

one commercial vision screening battery, relate these factors to isim-

provement in vision skills as the result of a reading improvement course,

and note the effect of uncorrected vision problems. Other factors

generally associated with student success will also be related to im-

provement in reading skills and to vision factors.



CHAPTER III

PRELIMINARY STUDIES

liio author’s interest in vision has developed over a period

of years, and includes a Master’s thesis^ in tho area of visual dis-

crimination. interest in the relationship between vision and reading

cam about through tho experience of working with school children.

While studying tho educational problems of school children,

particularly at the elementary lovel, tho author was impressed with tho

frequency of unresolved reading problems. All too ofton a catch-all la-

bel such as "emotional block” or "brain damage” was attached to an

otherwise capable student who did not achieve as expected in reading.

In an effort to determine reasons for these failures, tho author sought

assistance from various sources including vision specialists. The con-

fusion of ideas in the area indicated a need for study to determine

more exactly the relationship between vision and reading. While visual

problems could not explain all reading problems, there was no doubt

seme influence which was not being considered in educational diagnosis.

A review of' the literature emphasized that reading problems

are present among both good and poor readers. Depending upon the sever-

ity of the vision problem, both educators and students might remain

“David E. Edgar, "Visual Discrimination: Unequal Variation of
Critical Components of Visual Stimuli" (unpublished Master's thesis.
Southern Methodist University, Dallas, Texas, 1953).
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unaware of tha effect upon efficiency of learning. Obviously aany stu-

dents do succeed and Easy do fail, but the role of vision remained un-

known in this division.

j.n the author’s opinion, vision seeded to be a selective factor

in the success of students throughout thair school careors. Vision

seemed to affect a student's success in beginning reading, his adaptation

to the academic environment, and his consequent attainment of an educa-

tional level appropriate to his ability.

Preliminary Study J

In tho summer of 1963 a group of one hundred eight students

participated in an eight-week program at Stetson University. The course

was designed to be an introduction to tho demands of colloge studies,

iho students wore of two levels: (l) high school graduates not yet ac-

cepted by a university because of poor academic achievement, and (2) high

school juniors of outstanding achievement who were being considered for

early admission to tho University.

The program offered these students was extremely flexible in

terms of courses taken, whether or not credit was desired, and whether

or not admission to the University was desired. Ono requirement for all

studonts was participation in tho Reading Improvement Course. This

course consisted of lectures, workbook exercises, and the Controlled

Reader program, EsC Level.
2

The Controlled Rsadar program consisted of forty filmstrips

which presented to the group narrative reading materials at the high

Educational Development Laboratories, Inc. , Huntington.
New York, 1953.

*
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school-college level of reading difficulty. The rate of presentation

vas determined by the instructor, using as a criterion the successful

comprehension of materials by the majority of students. Comprehension

uas measured immediately following each filmstrip presentation by means

of a standard ten-item, multiple -choice test covering main ideas g rsd

details.

A small number of students consistently failed, that is,

answered less than 70 per cent of the test items, half or more of the

daily comprehension tests accompanying the filmstrips. Investigation

revealed that these students had scored low on the initial reading test,

and taut some complained of vision symptoms while reading. It was hy-

pothesised that vision problems sight be a cause of minimal reading

progress.

Visual screening, using the Keystone Telebinocular, indicated

that only four of the twenty-five students tested were able to pass all

vision tests. This incidence of vision difficulty is much greater

one might aspect in a college freshman population, and indicates a

definite relation between vision problems and lack of progress in a

machine-oriented reading improvement program.

The emphasis upon machine-orientation is deliberate. The

average gain in vocabulary and rate for the "vision problem'* group, as

msasured by a standardised reading test,^ was greater than that for the

entire student group. Seemingly the reading problem was associated with

comprehension or rate of reading material presented by machine at far-

3
The Nelson-Denny Reading Test, Houghton Mifflin Co., Boston,

Massachusetts.
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point. Obviously thi3 tentative conclusion cannot bo supported, since

visual screening was not carried out for the entire group.

Table 3 indicates the number of students who failed each Tele-

binocular subtest. Analysis of the vision problems of those students

indicates the majority of failures were on the fusion subtest. Mere

than one—third of the students failed one or more phoria subtests, but

few students had uncorrected acuity problems. It is interesting to note

that vision problems ranged in difficulty from use of old prescriptions

to complete suppression of one eye because of vertical phoria.

TABLE 3

NUMBER OP STUDENTS FAILING EACH
TELEBINOCULAR SUBTEST (N=25)

Phoria Acuity

Vertical, Far 3 Right, Far 2

Vertical, Near 3 Right, Near 0
Lateral, Far 3 Left, Far 0
Lateral, Near 9 Left, Near 0

Fusion Stereoosis

Fusion, Far 10 Stereopsis 1
Fusion, Near 20

Preliminary Study 3

In the summer of 1964 a group of thirty-eight secondary stu-

dents from the Gainesville, Florida, area public schools participated

in a reading improvement program at the University of Florida Reading

Laboratory and Clinic. The students attended one-hour sessions two

afternoons per week for sis weeks, but were allowed to remain in the

Clinic as long as they desired to utilize tho equipment.
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The subjects ranged in grade level from ninth to twelfth

grades. All work was individual and voluntary. The instructor made

recommendations on the basis of pre-tests and remained available for

consultation. Although recommendations were made, no effort was mado

to ensure completion of an assignment, and students were often observed

doing work which appealed to them more.

The course could include assignments in texts on reading and

study skills, and exercises in reading and vocabulary workbooks. There

were exercises in prepared folders in the areas of Rapid Reading, Read-

ing in tho Content Fields, Spelling, Word Study, and Work Habits. Also

available were the SRA Reading Laboratory^ and the EDL Controlled Reader

programs for junior high and high school-collage levels.

An attempt was cads to predict failure of vision screening

tests by utilising the following criteria: (l) beginning reading level,

(2) beginning rate, and improvement in comprehension and rats on the

Controlled Reader, and (3) number of sessions on tho Controlled Reader.

Beginning reading level was measured by the Diagnostic Reading Test,

Survey Section Form F,^ and included measures of rate of reading, story

comprehension, paragraph comprehension, and vocabulary. Beginning rate

on the Controlled Reader was assigned by the instructor on the basis of

the reading pre-test score.

/
Science Research Associates, Chicago, 1957.

5
Committee on Diagnostic Reading Tests, Inc., Mountain Home,

North Carolina, 1950.
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Thirty-one of the students were available for visual screening

Vi oh tno Bausch-Lomb Ortho—Rater and the Spache Binocular Reading Tost

Predictions were made by the author without knowledge of visual screening

results. The results of the predictions are presented in Table 4 .

TABLE 4

PREDICTIONS OF VISUAL PROBLEMS COMPARED WITH ACTUAL
FAILURES OF VISUAL SCREENING TESTS

Prediction
No test
failed

One ox’ more
tssts failed

Questionable
vision Total

Correct 16 1 2 19

Incorrect 2 1 12

Total 20 4 7 31

In general, the predictions were incorrect more often than if

visual problems were ignored. Predictions were correct 60 per cent of

the tins, when vision problems were considered, but would have been cor-

rect 67 per cent of the time if visual problems were ignored. It was

predicted that thirteen students would fail vision screening tests; four •

students actually failed, and seven students had questionable scores cn

one or more vision tests.

Further analysis of the data revealed the following variables

which affected the predictions:

(l) Age and grade of students, which determined
previous training in reading and affected

^Keystone View Co., Meadville, Pennsylvania, 1955.
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level of skill development
, thus the subjects

abilities to utilize filmstrips of the diffi-
culty vised;

(2) Students controlled their own work which, when
related to interest, attitudes, and personality,
seriously affected the number of filmstrips
read and amount of work done;

(3) Filmstrip projection was at near-point, requir-
ing consideration of different vision variables
from those used when far—point projection is
presented;

(4) Experience of the clinician with specific popu-
lations seriously affects tho quality of the*
predictions.

Discussion of the Preliminary Studies

ihese studios pointed out several problems involved in the

relationship between vision and reading. In Study A, students wero able

to show improvement on a standardised reading test despite failure to

show improvement on daily exercises using the Controlled Reader. This

isplies that vision problems may interfere with certain types of reading

activities and not with others. Students may also have been able to

control vision problems during testing which are relatively minor but

which interfere with daily reading activities.

It is significant to note, however, that college students

omnibit all levels of vision problems. Two subjects were unaware that

they were suppressing the vision of one eye; other students were ngetting

by” with prescriptions long out of date and inadequate. Some students

wore contact lenses for cosmetic purposes despite resulting diplopia or

distracting discomfort. But most students with vision problems were
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unaware of tiloir Possible effect upon their academic progress, and were

unaware of any solution to the dileans.

Study B pointed out the great need for careful experimental

design in studying the relationship between vision and reading. The

experimenter must select subjects carefully, standardise the method of

instruction, and utilise a refined statistical procedure.

Most important, however, is the indication of need for basic

research to identify both vision variables and reading variables, and

to discover the degree and type of interrelation among them.



CHAPTER IV

DESIGN OP THE EXPERIMENT

Briefly, this study is designed to discover (l) the relation-

ships which exist between vi3ion factors derived from a battery of

vision screening tests, and change in reading skills resulting from

reading improvement instruction, and (2) the effect of uncorrected vis-

ion problems upon these relationships

.

From the entering freshman class at Stetson University one

hundred eighty subjects were chosen, 'on the basis of relatively low

reading skills, to participate in the present study. These subjects

were given a reading test to discover initial level of reading skills.

A reading improvement course was then given to all subjects. A reading

post-test indicated change in levels of reading skills as a result of

the course. Individual tests of vision skills were measured using the

Ortho-Rater

.

The present chapter will describe (l) the subjects and the

method of selection of these subjects, (2) the tests selected and the

administration of these tests, (3) the Reading Xnprovement Course given

to all subjects, and (4) treatment of the data.

70
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Subjects

Tha subjects of this study entered Stetson University, Deland,

Florida, as freshman in the fall of 1964. The entire entering freshman

class was given the Cooperative English Tests, Form IC (college level)1

as a part of the regular freshman orientation procedure. A tentative

selection of two hundred thirteen students was made on the basis of a

cutoff score of one hundred sixty-five on the total Reading Comprehension

scale. This was approximately the lower 40 per cent of the freshman

class in reading skills, as selected by the Cooperative English Tests,

Reading Comprehension section.

Those students who were selected as low in reading skills were

notified of their scores, and rank in class with relation to reading

skills. The Reading Improvement Course was announced, and the students

advised that they could be required to attend. However, a second read-

ing test was to be administered, and students who scored high and who

aid not desire to attend the Reading Improvement Course could be dis-

missed by the course instructor.

The tentatively selected students were then given the Diag-

nostic Reading Test, Survey Section: Upper Level Form A.^ One hundred

eighty students were finally selected for the Reading Improvement Course

on the basis of relatively low scores on the Cooperative Reading Teat,

relatively low scores on the Diagnostic Reading Test, and willingness to

Educational Testing Service, Cooperative Test Division
(Princeton, New Jersey, I960)

.

2
Committee on Diagnostic Reading Tests, Inc., Mountain Horae,

North Carolina, 1950.
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attend the course. The one hundred eighty subjects selected consisted

of eighty-five rales and seventy-eight females. Their average age was

eighteen; average Verbal Score on the Scholastic Aptitude Test (SAT)

was 7S.3&49 (raw score) and average Quantitative Score on the SAT was

92.6041 (raw score)

Of the one hundred eighty students who began the Reading Im-

provement Course, one hundred sixty-three became the subjects for the

present study because complete data were available. Eighty-five were

males and seventy-eight were females. Seventeen students could not be

used as subjects because they either did not attend a sufficient number

of class periods, did not take the visual screening test, or were absent

when the reading post-test was administered.

Tests

As has been previously mentioned, the Cooperative English Test

is a regular part of tho freshmen orientation proceedings at Stetson

University. These tests were recorded on IBM answer sheets, and machine

scored and checked. Scores were punched on the individual pupil data

cards, which were the source of information for this study. Initial

selection of students lew in reading skills was made on the basis of

the Total Reading Comprehension score.

The Cooperative English Test is recognized as a well-conceived

and well-executed test "within the limits of its objectives. "4

^College Entrance Examination Board, Scholastic Aptitude Test,

administered by Educational Testing Service (Princeton, New Jersey, 1963).

^J. B. Stroud, "Reading Comprehension: Cooperative English
Te3t," Review No. 497, in Oscar K. Buros (ed.). The Third Mental Measure-

ments Yearbook (New Brunswick: Rutgers University Press, 1949), p. 526.
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Reliability is reported as better than .90 for total score by Bear

who stated:

These are among the best [tests? for measur-
ing reading comprehension of the usual types of
subject matter but should bo supplemented by some
other test if measures of the pupils’ usual rates
are desired.

5

The second reading test administered was the Diagnostic Reading

Test, Survey Section: Upper Level Form A. This test was designed to

give a rolatively brief indication of reading abilities. The time re-

quired for administration of all three subtest3 is forty minutes, with

Story Comprehension requiring fifteen minutes. Vocabulary requiring ten

minutes, and Paragraph Comprehension requiring fifteen minutes.

The Story Comprehension subta3t consists of a story in the

area of biological science, to be read by the student within seven min-

utes. Rate of Reading is measured by noting the number of lines read

in the first throe minutes. Students are then allowed eight minutes to

answer twenty multiple-choice questions about the content. Number of

correct answers is used as the measure of Story Comprehension. Rate of

Reading is computed by converting number of lines read in three minutes

to words-psr-minute, by moans of a table provided.

The second subtest of the Diagnostic Reading Test is a measure

of Vocabulary. The subtest consists of sixty items, wherein the student

is required to fit one of five given vord3 to a given definition. Rela-

tive ranking of the students by raw score on this subtest was used as a

^Robert M. Bear, r
0 Comprehension: Cooperative English

Test," Review No. 497, in Oscar A. Bures (ed.), The Third Mental Measure-
ments Yearbook (New Brunswick: Rutgers University Press, 1949),
pp. 525-526.
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diagnostic measure, but the scores otherwise forced no part of the data.

This decision was cade because the Vocabulary subtest is seen to be

highly affectod by rate of reading.^

The third subtest of the Diagnostic Reading Test is a maasuro

of Paragraph Comprehension. The student is required to read four selec-

tions consisting of one or more paragraphs. Each selection is followed

by five multiple-choice questions, which test the reader over the con-

tent of the paragraphs ) . Number of correct answers from the possible

twenty items is used as a measure of Paragraph Comprehension.

As has been previously noted, the Diagnostic Reading Test,

Form A, wa3 used as one criterion for selection of students to partici-

pate in tha Reading Improvement Course. This test also served as a

reading pre-test, that is, a measure of the levels of reading skills

which each subject had attained prior to participating in the Reading

Improvement Course.

The Diagnostic Reading Test, Survey Soctian. Form D, was used

as a reading post-test, that is, as a measure of the levels of reading

skills for each subject after participating in the Reading Improvement

Course. The differences between the raw scores on the relative subtosts

were used as a measure of change in levels of reading skills as a result

of participation in the Reading Improvement Course.

Turnbull reported that the rate and comprehension subtests of

the Diagnostic Reading Tost, Survey Section, have a reliability of about

.80, while the Vocabulary subtest has a reliability of about .85. He

^Roed, loc . cit.
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summarizes his cooesnts by stating, "the Survey Section stands already

as one of the better instruments for the evaluation of over-all reading

7
ability.” Weitz cautioned that the subtest scores of the Survey Sec-

tion of the Diagnostic Reading Test might not be sufficiently reliable

for individual diagnosis.^

The battery of twelve tests used to screen vision was designed

as Occupational Vision Tests to be used with the Ortho-Rater.9 This

battery of test 3 was developed and validated by the Bausch and Lcnb

Scientific Bureau in collaboration with the Statistical Laboratory for

Vision Tests at Purdue University. The standardized vision tests were

then used as a basis for routine and special studies of vision in

industry.
10

As previously noted in Chapter II, the Ortho-Rater test battery

is highly reliable and valid when compared with other stereoscopic vision

screening instruments.
11

For this reason, educators and clinicians

^William W. Turnbull, "Diagnostic Reading Tests,” Review
No. 531, in Oscar K. Buros (ed.). The Fourth Mental Measurements Yearbook
(Highland Park, New Jersey: The Gryphon Press, 1953), P. 572.

%enry VIeitz, “Diagnostic Reading Test3,” Review No. 531, in

Oscar X. Buro3 (ed.). The Fourth Mantel Heasurerants Yearbook (Highland

Park: The Gryphon Press, 1953), p. 575.

%ausch and Lonb Optical Company, Rochester, New York, 1944.

1C
\jirt, loc. cit.

^Henry A. Imus, “Testing Vision in Industry,” Reprinted from
the Transactions American Academy of Oohthalitolo rrv and Otolaryngology
(January - February, 1949), p. 2 of reprint.
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became interested in its use as a vision screening device in schools.

Bausch-Lomb recommended a School Profile for uso with adult students

which was identical with norms for individuals doing clerical and admin-

istrative tasks in industry.

Robinson and Huelsman, in a thorough study of commercial visual

screening devices for uso with school children, found the tests presented

by the Ortho-Rater to be among the best measuring devices for those vis-

ual abilities they are intended to measure. This conclusion was based

upon a factor analysis of fifty-nine tests of vision.
12

Each of the twelve tests presented by the Ortho-Rater is de-

signed to represent one aspect of visual performance or of visual skill.

The skills measured and the sequence of presentation are listed below:

Fe.r-Point Near-Point

1. Phoria, Vertical 8. Acuity, Both
2. Phoria, Lateral 9 . Acuity, Right
3 . Acuity, Both 10 . Acuity, Left
4. Acuity, Right 11. Phoria, Vertical
5 . Acuity, Left
6. Depth
7 . Color Discrimination

12. Phoria, Lateral

Tests at far-point are at the optical equivalent of eight meters (about

twenty-six feet) from the subject; tests at near-point are at the optical

equivalent of fourteen inches from the subject.

There are six tests of acuity, all of which are administered

without closure or occlusion of either eye, by xssans of separate, but

fusible, test fields. The three acuity test slides are duplicated, ex-

cept for target location, at far-point and near-point. "These tests

12
Helen M. Robinson and Charles B. Huelsman, Jr., "Visual Effi-

ciency and Progress in Learning to Read," in Helen M. Robinson (ed.).
Clinical Studies in Reading II (Chicago: University of Chicago Press,
1953), pp. 40-50 .
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classify subjects finely at both high and low levels of acuity. Approxi-

mately normal distributions may bo expected on all of these acuity

tests. Scores on these subtests range from zero through fifteen.

Vision acuity equivalents of the levels of these tests are indicated in

Appendix B.

There are four test3 of phoria, two presented at far-point,

and two at near-point. Each of the tests of phoria extends xrem ono

extreme through the normal to the other extreme. The tests of vertical

phoria are calibrated in stops of ons-third prism diopter in the mid-

range, and one-half prism diopter toward both ends of the range. The

test of lateral phoria is calibrated in units of one and one-half prism

diopters. Approximately normal distributions are to be expectea xr^m all

four phoria tests.

The test of Depth Perception is made only at far-point. Units

of measurement are unique to the test, and are not equal, since they

classify subjects more finely at the more difficult levels.

The test of Ctolor Discrimination is also made only at far-

point. The test classifies subjects finely only at low levels of color

discrimination ability.

The norms for all Ortho-Rater tests have been established by

the technique of determining cutoff scores to eliminate the largest num-

ber of poor achievers. As such, these norms do not attempt to predict

success or failure on corresponding clinical tests.

^Bausch and Lomb Optical Company, Standard Practice^in jfng

Administration of the Bausch and
.

Lonb Ocf^ional

he Ortho-Rater (Rochester, New Yorh; A5S9, III» 49, 1944), P.
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The Ortho-Rater tests of vision vers administered by appoint-

ment to individual subjects. The time required to administer each test

vas about twenty minutes. In administering the Ortho-Rater tests of

vision, standard practice was followed where subjects wore corrective

lenses. If glasses were worn all the time, all tests were made uith

the subject wearing the correction. If glasses were worn only for read-

ing, only near-point tests were made while the subject wore the correc-

tion. If glasses were worn only for distance, only far-point tests

were made while the subject wore the correction. Special attention was

given to record the point of stabilization of the arrow in the lateral

phoria tests. Scores on the Ortho-Rater Tests were recorded on a

specially designed Individual Vision Profile (see Appendix B).

The Reading Improvement Course

The Reading Improvement Course consisted of twelve class

periods of approximately fifty minutes each. The students were allowed

to enter one of six groups which met three afternoons per week. Each

group of approximately thirty students attended three class periods

per week for four successive weeks.
i

The first half of each period was devoted to rate increase.

A total of twenty-four filmstrips was presented using the EDL Controlled

Reader, High School-College Series. 1^ Each filmstrip was followed

immediately by a standard ten-question test of comprehension. Answers

were recorded on a prepared answer sheet (see Appendix B). Each

1958.

^Educational Development Laboratories, Huntington, New York,
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student scored ads ova tost as soon as it was completed. Filmstrips

were presented to the group at a rate of reading determined by the

instructor. Although an attempt was made to increase the rate by twenty-

five words per minute for each filmstrip, successful comprehension by

the majority of the group was considered.

The goal of the rate training was freely discussed with the

students. It was hoped to have each student achieve a 50 per cent in-

crease in word-by-word reading of narrative material. The problem of

transferring rate increase from projected material to textbook reading

was discussed, and suggestions for practice were made.

The second half of each class period was devoted to instructions

in reading flexibility. Lectures and demonstrations helped explain var-

ious methods of selective reading. Study techniques were discussed as

these apply to the various content fields. An attempt was made to have

each student practice the utilization of purpose to determine method of

reading in his daily work.

The slowing effect of continuous study was explained, and recom-

mendations made for counteracting this effect. The techniques of selec-

tive reading for specific types of comprehension were demonstrated, and

practiced. Subjects were requested to practice, at first, on materials

other than regular class assignments} later, practice was requested on

class assignments.

During the entire Reading Improvement Course emphasis was

made upon comprehension geared to a selected purpose utilizing a specific

method or methods of reading.
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Tro.-.trant of

Because of the confusion which has accompanied attempts to

relate vision and reading, it was decided to identify through factor

analysis the significant variables operating. Other statistical methods

have failed to identify those variables which are significant, and

failed to indicate the degree of interaction of variables.

Factorization was therefore used in an attempt to obtain "a

new order of variables and concepts on the relations among which . . .

to begin forming hypotheses . . . In this way an effort was made

to determine functionally independent factors a3 the source of discus-

sion of data, rather than intuition.

Vision variables .—Since tests of phoria noasure muscle im-

balance on either side of a theoretical "normal* posture of the eyes,

each of the tests of phoria presented by the Ortho-Rater extends from

one extreme of the scale through the normal to the other extreme of the

scale. Flaw scores from these tests would thus present a U-shaped pat-

tern when plotted along some measure of usable binocular vision.

In order to minimize this curvilinearity, the raw scores from

phoria tests were rescaled as deviations from an assumed best, or normal

score (see Individual Vision Profile, Appendix B). These deviations

indicate a degree of imbalance of the habitual posture of the eyes at

the distance represented.

^Raymond B. Cattail, Factor Analysis: An Introduction and

Manual for the Psychologist and Social Scientist (New York: Harper and

Brothers, 1952), p. 17.
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In the vertical pheria, the normal score is taken to bo j>, the

center of the tost scale, and scores toward either extreme of tho scale

indicate muscle imbalance in the vertical plane (hyperphoria). In lateral

pheria, the normal score was taken as 8, the center of the test scale,

with scores toward either extrema of the scale measuring muscle imbalance

in the lateral plane (esophoria and exophoria)

.

Four phoria deviation scales were derived in thi3 way: (l) Ver-

tical Phoria Deviation Far, (2) Vertical Phoria Deviation Rear, (3) Lat-

eral Phoria Deviation Far, and (4) Lateral Phoria Deviation Near (see

Table 5).

Similarly, tests of acuity measure on either side of what is

considered normal vision. Normal vision is usually taken to be 20/20 on

the Snellen Scale, and corresponds to the raw score 10 on the Ortho-

Rater acuity tests.^ Deviation scores are therefore any score below

normal, or above normal acuity.

There is not the sam9 meaning attached to the normal acuity

measure as to the normal phoria measure. There is no true biological

normal acuity, but this is more an average score. There is, however,

the confusion surrounding the problems of hyperopia and myopia which

clinical experience has indicated to be significant in the relationship

between vision and reading. The acuity deviation scales are an attempt

to eliminate the effects of hyperopia and myopia.

Six acuity deviation scales were derived in this way: (l) Acu-

ity Deviation Both Far, (2) Acuity Deviation Right Far, (3) Acuity

•‘-^Visual acuity equivalents of the levels of these tests are
indicated in Appendix B.
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Deviation Loft Far, ( 4 ) Acuity Deviation Both Near, (5) Acuity Devia-

tion Right Rear, and (6) Acuity Deviation Loft Rear (see Table 5).

As mentioned above, researchers have pointed out the signifi-

cance of hyperopia and myopia in relation to reading achievement. The

Hyperopia-Myopia variable is an attempt to measure the difference between

these two tendencies in each subject.

Myopic tendency is obtained by adding acuity deviations below

10 on all scales at far-point to acuity deviations above 10 on all scales

at near-point. Hyperopic tendency is obtained by adding acuity devia-

tions above 10 on all scales at far-point to acuity deviations below 10

on all scales at near-point. The Hyperopia-Myopia variable is the dif-

ference, that is, hyperopic tendency minus myopic tendency.

A positive score indicates pure hyperopia, that is, acuity

deviations which have been reduced by the amount of myopic tendency. A

negative score indicates pure myopia, that is acuity deviations which

have been reduced by the amount of hyperopic tendency. However, in the

study all signs have been eliminated in the factor analysis to minimize

the curvilinear relation.

Thus the Hyperopic-Myopic variable is a purified deviation from

normal vision, from which has been eliminated the effects of (l) poor

over-all acuity and (2) excellent over-all acuity (see Table 5).
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Because of the importance ascribed to "acuity imbalance" by

Kelly17 and to "acuity difference" by Spache and Tillman13 an Acuity

Imbalance variable was determined at both naar-point and far-point.

Acuity Imbalance Far is the difference between the raw scores on the

Acuity, Right Eye and the Acuity, Left Eye subtests given at far-point.

Acuity Imbalance Near is the difference between the raw scores on the

Acuity, Right Eye and the Acuity, Left Eye subtests given at near-point

(see Table 5).

Non-vision variables .—Three variables ware taken from the

Diagnostic Reading Test, Survey Section: Upper Level Form A, which was

given as a reading pre-test. The test was given to determine the levels

of reading skills which each subject had attained prior to participating

in the reading improvement course. These variables are (l) Reading Rate,

(2) Reading Story Comprehension, and (3) Reading Paragraph Comprehension.

The Reading Rate variable consists of the rate of reading in

words-per-minute at which each student read the material presented in

the Story Comprehension subtest during the three—minute timed period.

The Reading Story Comprehension variable is the raw score from the Story

Comprehension subtest, that is, the number of correct answers attained

on the questions involving story comprehension.

17
'Charles R. Kelly, Visual Screening and Child Development

(Raleigh, North Carolina: North Carolina State Teachers College,
1957), p. 2.

-^George D. Spache and Chester E. Tillman, "A Comparison of
the Visual Profiles of Retarded and Non-retardod Readers," Journal of
Devolcnmsr.tal Reading . Vol. 5 (Winter, 1962), p. 108.
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TABLE 5

VISION VARIABLES, AND VISION TESTS
FROM WHICH DERIVED

Variable Vision tests from

name which derived

Vertical Phoria
Deviation, Far

Vertical Phoria Test, Far-

point, deviation from

Vertical Phoria
Deviation, Near

Vertical Phoria Test, Near-

point, deviation from j>

Lateral Phoria
Deviation, Far

Lateral Phoria Test, Far-
pcint, deviation from 8

Lateral Phoria
Deviation, Near

Lateral Phoria Test, Near-
point, deviation from 8

Acuity Deviation
Both, Far

Acuity, Both eyes, Far-
point, deviation from 10

Acuity Deviation
Both, Near

Acuity, Both Eyes, Near-

point, deviation from 10

Acuity Deviation
Right, Far

Acuity, Right eye, Far-
point, deviation from 10

Acuity Deviation
Right, Near

Acuity, Right eye. Near-
point, deviation from 10

Acuity Deviation
Left, Far

Acuity, Left eye, Far-
point, deviation from 10

Acuity Deviation
Left, Near

Acuity, Left eye, Near-
point, deviation from 10

Acuity Imbalance
Far

Raw score difference between
acuity. Right eye. Far and
acuity, Left eye, Far-point

Acuity Imbalance

Near

Raw score difference between
acuity. Right eye. Far and

acuity. Left eye, Near-point

Hyperopia-Myopia Hyperopic tendency minus
Myopic tendency, utilizing
six acuity scales
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The Reading Paragraph Comprehension variable is the raw score

from the Paragraph Comprehension subtest, that is, the number of correct

answers attained on the questions involving paragraph comprehension.

These variables were intended to represent the level of reading skills

attained prior to reading instruction (see Table 6).

The Diagnostic Reading Test, Survey Section: Upper Level

Form D was given as a reading post-test to detormino change in reading

skills as a result of the Reading Improvement Course. Three variables

were derived from the differences between the reading pre-test and the

reading post-test scores. These variables were (l) Rate Change, (2) Story

Couprehension Change, and (3) Paragraph Comprehension Change.

Thus Rate Change is the difference (loss or gain) between

reading rate on the pre-test and reading rate on the post-test. Story

Comprehension Change and Paragraph Comprehension Change were derived in

the same way. These variables were intended to represent change in read-

ing skills attributable to the Reading Improvement Course (see Table 6).

Four additional variables were derived from the records in the

Admissions Office of Stetson University. These variables were (l) Class

Rank, (2) Scholastic Aptitude Test (SAT) Verbal, (3) Scholastic Apti-

tude Test (SAT) Mathematical, and (4) Predicted Grade Average (PGA).

Class Rank, Converted is the variable derived from the student's

rankirgs in their respective high school senior classes on the basis of

grade-point average. The rankings were converted to a standard scale

ranging from a low of twenty to a high of eighty, with a mean of fifty,

a scale designed to coincide with the range of scores of the Scholastic



86

Aptitude Test (SAT) . This variable is intended to be a measure of aca-

demic achievement.

The SAT Verbal variable is taken directly from students* scores

on the Verbal section of the SAT, which was administered during the

senior year of high school. The variable is intended to be a measure

of basic verbal ability.

The SAT Mathematical variable is taken directly from students’

scores on the Mathematical section of the SAT. The variable is intended

to be a measure of basic mathematical reasoning ability.

The PGA variable is the Predicted Grade Average determined for

each student by regression equation prior to his admission to Stetson

University. The equation includes weighted amounts of the SAT Verbal

score, the SAT Mathematical score, senior class rank, and English Com-

position scores. ^-9 The range of the scores is from 1.00 to 4*00. This

variable is intended to be a measure of college academic achievement

potential (see Table 6).

•^Four equations were used as follows:

(1) For men with English Composition scores,

PGA = .3316 Class Rank 4.0 SAT -V + .93 SAT-M
-

1- 6.0 CEEB English Composition - 1.37003.

(2) For men without English Composition scores,

PGA = .3305 Class Rank + 6.0 SAT -V-r 1.12 SAT-M
- 1.44515.

(3) For women with English Composition scores,

PGA = .4615 Class Rank -f- .82 SAT -V + .45 SAT-M

+ 1.64 CEEB English Composition - 3.01929.

(4 ) For women without English Composition scores,

PGA r .4923 Class Rank + 1.92 SAT -V 4- .70 SAT-M

- 3.03620.



87

TABLE 6

NON-VISION VARIABLES, AND SOURCES
FROM WHICH DERIVED

Variable
number

Variable
name

Source of variable

1 Reading Rate Diagnostic Reading Pre-test,
Rate in words-per-minut

e

2 Reading Story
Comprehension

Diagnostic Reading Pre-test,
Story comprehension raw score

3 Reading Paragraph
Comprehension

Diagnostic Reading Pre-test,
Paragraph comprehension raw score

16 Class Rank,
Converted

Rank in senior class by grade

-

point average, converted to
standard score

17 SAT Verbal Scholastic Aptitude Test, Verbal
section, raw score

18 SAT Mathematical Scholastic Aptitude Test,
Mathematical section, raw score

19 Predicted Grade
Average

Predicted Grade Average, from
regression equations utilising
several scores

21 Rate Change Difference (gain-loss) between
Pre-test and Post-test Reading
Rate

22 Story Compre-
hension Change

Difference (gain-lo3s) between
Pre-Test and Post-test Reading
Story Comprehension

23 Paragraph
Comprehension
Change

Difference (gain-lcss) between
Pre-test and Post-test Reading
Paragraph Comprehension
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Statistical analysis .—The raw scores for each of the one

hundred sixty-three subjects were converted to the appropriate variable

scales and recorded on Data Coding Sheets prepared by the University of

Florida Computing Center. Scores on the twenty-three variables were

punched into standard eighty-column IBM cards.

A principal axis factor analysis with Varimax rotation was

carried out, utilising the IBM 709 Digital Computer and the RPAFAV pro-

gram. The RPAFAV program is a three-step program involving (l) the

computation of the correlation matrix, (2) principal axis factor analy-

sis, and (3) normalized Varimax rotation.

Those subjects with uncorrected vision problems were then

selected from the total group of one hundred sixty-three subjects. A

sub-group of fifty-one subjects vase found to have failed one or more

of the vision tests presented by the Ortho-Rater. The scores of these

fifty-one subjects on the twenty-three variables were factorized, again

using the RPAFAV program.

Results from these analyses are contained in Chapter V.



CHAPTER V

RESULTS

The results of the statistical analysis of the data will be

presented in this chapter. General results will be presented first,

then specific results as these apply to the hypotheses. Six hypotheses

were to be tested, and presentation of specific results will follow the

order in which these hypotheses were listed in Chapter I.

General Results

Over-all factorisation .—The first factor analysis was of the

scores of all subjects (Group T) on the twenty-three variables. A com-

plete correlation matrix of the twenty-three variables is presented in

Appendix C.

Nine factors were precipitated in the principal axis factor

analysis. Varimax rotation produced the Rotated Factor Matrix presented

in Table 7. The commonality for each variable, and the per cent of com-

mon variance for each factor are included in Table 7.

Visual disorder factorization .—The scores of a sub-group of

fifty-one subjects who had uncorrected visual problems (Sub-group VP)

were then factorised. A complete correlation matrix of the twenty-three

variables is presented in Appendix G.

S9
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Twelve factors were precipitated in the principal axis factor

analysis. Varimax rotation produced the Rotated Factor Matrix presented

in Table 3. The commonality for each variable, and the per cent of com-

mon variance for each factor are also included in Table 8.

Specific Results

Hypothesis I.—The first hypothesis stated that specific factors

which are components of vision are Identifiable through factor analysis

of scores on a battery of vision screening tests given to college students.

The over-all factor analysis elicited nine factors, fear of

which had highest loadings for those variables which were derived from

vision tests. The rotated factor leadings for these four factors are

presented in Table 9.

Hypothesis II.—The second hypothesis stated that there are

positive relationships between the principal variables for vision factors,

and changes in levels of reading skills as a result of a reading Improve-

ment course given to college students.

These relationships are approached from the point of view of

the correlations between variables derived from vision tests and variables

indicating changes in levels of reading skills. These correlations are

presented in Table 10.

Hypothesis III .—The third hypothesis stated that there are

positive relationships between levels of certain mental abilities and

changes in levels of reading skills as a result of a reading improvement

course given to college students.
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TABLE 8

ROTATED FACTOR MATRIX FROM VISUAL PROBLEM
FACTORIZATION (SUB-GROUP VP, N-5I)

#

Variables Rotated Factor Loadings
Name 1 2 3 2 5

1 Reading Rate -.09 .07 .09 .23 .09

2 Rdg. Story Comprehen. .04 -.05 .00 .80 .17

3 Rdg. Parag. Comprehen. .07 .10 .10 .30 .69

4 Vert. Phoria Dev., Far -.18 -.18 -.04 .07 -.17

5 Vert. Phoria Dev., Near -.11 .09 -.02 .08 -.09
6 Lateral Phoria Dev., Far .04 .00 -.01 .00 .07

7 Lateral Phoria Dev.
, Near -.17 -.02 .08 .04 .01

8 Acuity Dev. Both, Far .62 .15 -.03 .24 .18
9 Acuity Dev. Both, Near .02 .69 .00 .14 .07

10 Acuity Dev. Right, Far .35 .10 -.13 .08 .02
11 Acuity Dev. Right, Near -.19 .02 -.26 .10 .04
12 Acuity Dev. Left, Far .67 .20 .03 .07 -.06
13 Acuity Dev. Left, Near .17 .68 -.08 -.08 .07

14 Acuity Imbalance, Far .23 .05 .06 .03 -.20
15 Acuity Imbalance, Near -.06 .01 -.02 -.12 .02
18 Class Rank -.07 -.09 .84 -.03 -.05
17 SAT Verbal -.15 .12 .16 -.02 .11
18 SAT Mathematical .08 -.10 .18 .01 -.03
19 PGA -.11 .06 .59 .01 -.01
20 Hyperopia -Myopia .73 -.01 -.08 .02 .19
21 Rate Change -.14 .14 .06 .14 -.11
22 Story Comprehension Change -.10 -.11 .05 -.63 -.05
23 Parag. Comprehension Change -.16 -.07 .11 -.05 -.67

Sum of Squared Loadings 1.81 1.14 1.27 1.33 2.15

Per cent of Common Variance 12.13 7.65 8.52 8.93 14.41
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TABLE 8 (continued)

Rotated Factor Loadings h£

6 7 8 9 10 11 12

.09 -.08 -.08 .06

.11 .06 .06 .01

.20 -.02 .04 .15

.27 .13 .31 .02

.02 .01 .09 -.12

.50 -.05 -.04 .00

.10 -.01 -.15 -.22

-.03 .05 -.16 -.17

-.10 -.03 -.13 .05

-.01 -.05 .26 -.12

-.15 -.02 .60 .03

.18 .03 .34 .03

.12 -.06 .25 .07

.16 -.10 .81 .03

-.13 -.08 .81 .02

-.02 .17 -.02 .09

.01 .12 .07 .72

-.08 .80 -.12 .07

.00 .57 -.09 .38

.03 .02 -.04 -.08

.02 -.17 -.16 .07

.06 .05 .08 .03

-.01 .02 .11 -.02

.53 1.09 2.16 .83

3.53 7.26 14.46 5.58

ooo1 -.01 .59 .46

-.05 .02 .09 .70

-.06 -.08 .21 .70

-.13 .43 .08 .50

.07 .65 -.07 .48

-.02 .03 .03 .27

-.34 -.34 -.17 .38

.38 -.01 .00 .71

.08 .08 .02 .55

.63 .03 -.06 .65

.46 .17 -.05 .75

-.04 -.16 .27 .75

-.01 -.03 -.06 .60

.04 -.02 .13 .80

.11 .13 -.01 .73

-.10 -.04 .02 .78

-.04 -.09 -.01 .63

.01 .06 .05 .72

-.11 -.08 .04 .86

.10 -.06 -.07 .60

-.08 -.01 -.49 .38

-.12 -.06 -.01 .46
-.07 .07 -.04 .52

.99 .84 .79 13.95

6.65 5.62 5.27 100.00
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TABLE 9

ROTATED FACTOR LOADINGS FOR VISION
FACTORS (GROUP T, N=163)

Variables
Name

Reading Rate
Rdg. Story Comprehen.
Rdg. Parag. Comprehen.
Vert. Phoria Dev., Far
Vert. Phoria Dev., Near
Lateral Phoria Dev.

, Far
Lateral Phoria Dev.

,
Near

Acuity Dev. Both, Far
Acuity Dev. Both, Near
Acuity Dev. Right, Far
Acuity Dev. Right, Near
Acuity Dev. Left, Far
Acuity Dev. Left, Near
Acuity Imbalance, Far
Acuity Imbalance, Near
Class Rank
SAT Verbal
SAT Mathematical
PGA
Hyperopia -Myopia
Rate Change
Story Comprehension Change
Parag. Comprehension Change

Rotated Factor Loadings
1 2 3 4

-.04 .01 -.02 .02

.08 -.01 .04 .05

.03 .06 .05 .06
-.07 .52 .17 -.07

.01 .31 .15 .04

.06 .50 -.02 -.01

.00 .19 -.03 -.01

.62 -.07 -.05 .21

.15 -.01 -.04 .63

.54 -.05 .39 .04

.05 .04 .64 .20

.56 .07 .23 .12

.17 -.06 .21 .60

.22 .08 COvO -.13

.01 .10 .73 .07
-.03 .00 -.05 .00
.01 .07 .11 .06
.03 COo1 COo1 -.06
.00 -.01 -.08 .13

.67 .05 .02 .06
-.10 -.01 -.07 .05
-.05 .16 .01 -.06
-.01 .04 .04 -.01
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TABLE 10

CORRELATIONS BETWEEN VISION VARIABLES AND
VARIABLES INDICATING READING SKILLS CHANGE

(GROUP T, N = 163)

#

Vision Variables

Name #21
Rate
Change

Reading Skills

#22
Story Comp.

Change

Change

#23
Para . Comp

.

Change

4 Vert. Phoria Dev., Far -.07 .19 .12

6 Lat. Phoria Dev., Far .00 .15 -.07
8 Acuity Dev. Both, Far -.06 -.14 -.02

10 Acuity Dev. Right, Far -.10 -.06 -.01
12 Acuity Dev. Left, Far -.14 -.04 -.03
14 Acuity Imbalance, Far -.09 .04 .04

20 Hyperopia -Myopia -.12 -.01 -.02

5 Vert. Phoria Dev., Near .05 -.02 .09
7 Lat. Phoria Dev., Near .00 .09 .05
9 Acuity Dev. Both, Near .06 -.11 .02

11 Acuity Dev. Right, Near -.09 -.05 .01
13 Acuity Dev. Left, Near .02 -.06 -.06
15 Acuity Imbalance, Near -.07 .05 .05
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These relationships are shown in the correlations between those

variables derived from scores on the Scholastic Achievement Test and those

variables indicating changes in levels of reading skills. Table 11 pre-

sents these correlations.

Hypothesis IV .—The fourth hypothesis stated that there are

positive relationships between previous academic achievement and changes

in levels of reading skills as a result of a reading improvement course

given to college students.

These relationships are shown through the correlations between

the variables indicating previous academic achievement (Class Rank, Con-

verted and Predicted Grade Average) and those variables which indicate

changes in levels of reading skills. Table 12 presents these correlations.

Hypothesis V.—The fifth hypothesis stated that there are posi-

tive relationships between initial levels of reading skills and changes

in levels of reading skills as a result of a reading improvement course

given to college students.

These relationships are indicated by the correlations between

variables derived from the reading pre-test and variables derived from

the reading post-test. Table 13 presents these correlations.

Hypothesis VI .—The sixth hypothesis stated that the nature of

vision factors, and their relationships with changes in reading skills,

differ between subjects with ur.corrected vision problems and the total

group of subjects.

The results presented under Hypothesis I indicated that four

factors precipitated from the scores of all subjects on the twenty-three

variables had highest loadings on variables derived from vision tests.
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TABLE 11

CORRELATIONS BETWEEN CERTAIN MENTAL ABILITIES VARIABLES
AND VARIABLES INDICATING READING SKILLS CHANGE

(GROUP T, N = 163)

Mental Abilities Reading Skills Change Variables
Variables #21 #22 #23

# Name Reading Story Comp. Paragraph
Rate Change Change Comp . Change

17 SAT Verbal .02 .05 .04
18 SAT Mathematical -.02 .03 .01

TABLE 12

CORRELATIONS BETWEEN VARIABLES INDICATING PREVIOUS
ACADEMIC ACHIEVEMENT AND VARIABLES INDICATING

READING SKILLS CHANGE
(GROUP T, N = 163)

Academic Achievement Reading Skills Change Variables
Variable #21 #22 #23

# Name Reading Story Comp

,

Paragraph
Rate Change Change Comp . Change

16 Class Rank, Converted .13 .03 .09
19 PGA .09 -.03 .07

TABLE 13

CORRELATIONS BETWEEN VARIABLES INDICATING PREVIOUS LEVELS OF
READING SKILLS AND VARIABLES INDICATING READING SKILLS CHANGE

(GROUP T, N = 163)

Previous Reading Reading Skills Change Variables
Skills Variables #21 #22 #23

# Name Reading Story Comp, Paragraph
Rate Change Change Comp . Change

'

1 Reading Rate -.35 -.05 .01
2 Reading Story

Comprehension .04 -.63 -.07
3 Reading Paragraph

Comprehens ion .01 -.18 -.61
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Of the twelve factors precipitated from scores of the visual disorder

sub-group, six factors had highest loadings on variables derived from

vision tests. This comparison of the nature of vision factors between

subjects with uncorrected vision problems and the total group of subjects

is presented in Table 14.

The relationships between vision factors and change in reading

skills for the total group of subjects were presented under Hypothesis II

by means of correlations between selected variables (see Table 10). In

order to compare the changes in reading skills between the total group

of subjects and those subjects with uncorrected vision problems, the cor-

relations for both groups are presented in Table 15.

Only the results of the statistical analysis have been presented

in this chapter. An analysis of the results, including discussion and

implication, will be presented in Chapter VI.
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TABLE 14

COMPARISON OF VISION FACTORS BETWEEN ALL SUBJECTS

AND SUBJECTS WITH UNCORRECTED VISION PROBLEMS

#

Variables

Rotat:ed Factor Loadings
Group T

Name 1* 4 3 2

1 Reading Rate -.04 .02 -.02 .01

2 Reading Story Comprehension .08 .05 .04 -.01

3 Reading Para. Comprehension .08 .06 .05 .06

4 Vertical Phoria Dev., Far -.07 -.07 .17 .52

5 Vertical Phoria Dev., Near .01 .04 .15 .31

& Lateral Phoria Dev.
,
Far .06 -.01 -.02 .50

7 Lateral Phoria Dev., Near .00 -.01 -.03 .19

8 Acuity Deviation Both, Far .62 .21 -.05 -.07

9 Acuity Deviation Both, Near .15 .63 -.04 -.01

10 Acuity Deviation Right, Far .54 .04 .39 -.05

11 Acuity Deviation Right, Near .05 .20 .64 .04

12 Acuity Deviation Left, Far .56 .12 .23 .07

13 Acuity Deviation Left, Near .17 .60 .21 -.06

14 Acuity Imbalance, Far .22 -.13 .68 .08

15 Acuity Imbalance, Near .01 .07 .73 .10

16 Class Rank -.03 .00 -.05 .00

17 SAT Verbal .01 .06 .11 .07

18 SAT Mathematical .03 -.06 -.08 -.08

19 PGA .00 .13 -.08 -.01

20 Hyperopia -Myopia .67 .06 .02 .05

21 Reading Rate Change -.10 .05 -.07 -.01

22 Story Comprehension Change -.05 -.06 .01 .16

23 Paragraph . Comp . Change -.01 -.01 .04 .04

-'Numbers indicate order in which the factors appear in each
rotated factor matrix.
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TABLE 14 (continued )

Rotated Factor Loadings
Sub-group VP

1 10 2 8 11 6

-.09 -.08 .07 -.08 -.01 .09

.04 -.05 -.05 .06 .02 .11

.07 -.06 .10 .04 -.08 .20 ‘

-.18 -.13 -.18 .31 .43 .27

-.11 .07 .09 .09 .65 .02

.04 -.02 .00 -.04 .03 .50

-.17 -.34 -.02 -.15 -.34 .10

.62 .38 .15 .16 -.01 -.03

.02 .08 .69 -.13 .08 -.10

.35 .63 .10 .26 .03 -.01

-.19 .46 .02 .60 .17 -.15

.67 -.04 .20 .34 -.16 .18

.17 -.01 .68 .25 -.03 .12

.23 .04 .05 .81 -.02 .16
1 o .11 .01 .81 .13 -.13

-.07 -.10 -.09 1 o K> -.04 -.02

-.15 -.04 .12 .07 -.09 .01

.08 .01 -.10 -.12 .06 -.08
- .11 - .11 .06 -.09 -.08 .00

.73 .10 -.01 -.04 -.06 .03

-.14 -.08 .14 .16 -.01 .02

-.10 -.12 -.11 .08 -.06 .06

-.16 -.07 -.07 .11 .07 -.01



comparison

of

correlations

between

vision

variables

and

VARIABLES

INDICATING

READING

SKILLS

CHANGE

FOR

TOTAL

GROUP

(N=163)

AND

VISION

PROBLEMS

SUB-GROUP

(N=51)

101

JO
CM
co

U
to jo
co u
u
CO •

cm a
CO
CNl

W
a)

rM
JO
CO

•H
Mi

CO

>
CL)

3
CO

o

•r-1

CO

6£i

£
•rM

HD
CO

CD

ctf

9-
£
o
u

cd

cc
3
CO

JO
co a

*M

o

CM
3
o
u
to CM
• >

JO
P
co

CM
3
O I

u
o

CM
3
O
Mi

00 I

CM

O H
Mi

o

CM
a) P
to O
P Ml

co to P-i

JO 1 >o JO
p

0) CO
u
CO

06
CM

r—

1

P
CM O H

Mi

O

n o cn co n <r
cn O co O O CM

O
CM

I-H UO O r—
I CO vO

rM i—I rM C)

cm cm r-i co
rM o o o o o CMo

Ov UO CM r—I vO uOo o o o o o

r^* r— O vo uo
O O Ml- r-1 o o vOo o r-i o cm

r—l O CM i—l O r—

l

ON MO Ml* vO Mf- <r
r—I r—I i-M O O O

cj h m vo m
O O r-M o O O

m n o o co
O O O i—I CM i—

I

co h m cm m h
O CM i—I i—I O i—

1

M O vO O \f ON
O O O r-l r-M o UO O V0 ON CM

o o o o o o

CO

Mi CD Mi

Mi Mi CO SC Mi CO Mi Mi

CO CO Mi Mi CO u Mi CD CO CD c C0

a) Pm C0 C0 Pm co C0 PC r (D SC (D CD

r—i Pm Pm Pm Pm • SC
JO * * >
CO . r 4-) r n • CD « 4J
•H P> • pp rC 4M CD CO > CP JO 4—1 (D

Mi 0) CD > 4-) to Mm O (D 4-1 to MM O
C0 £ CO CD o •rM CD 3 CM CP CO o •rM CD 3
> co Q CQ C*2 CO o *H pp 06 hP CO

P5 CO i—i CO Mi i—

i

3 CO • • • C0 £ •iM O • • • CO

o Ml •rM > > > mp i Mi JO > > > JO
•H O Ml CD CD a £ C0 O CM CD CD CD £
W X O CP Q CO M •rM r-3 CO CP CO M
•iM CM JO CM CM r-M

> Pm rO Mo Mo O CO > Mo Mo
• 4J 4M 4J 4M Mi Mi 4M 4M 4J

4J • •rM •rM •r—i •rM CD 4J CD •rM •r-i •rM •rM

Mi 4-) 3 P P CM Mi 4J P 3 3 3
<D co o O o O Mo (D CO o O O a
> l-p <2 <2 <2 < C3 > <2 <2 <

vO CO o CM <r O UO av i—

i

CO in
r-M r—i rM CM i—i 1—

1

rM



CHAPTER VI

DISCUSSION

The purpose of the present study vas to determine the relation-

ships between vision and changes in reading skills as a result of a read-

ing improvement course, and the effect of uncorrected vision problems

upon these relationships. Six hypotheses were to be tested; therefore a

specific discussion relates the findings to these hypotheses, following

the order of their presentation in Chapter I. A general discussion fol-

lows which considers other aspects of the study not specifically related

to the hypotheses.

Discussion of Hypotheses

Hypothesis I

The first hypothesis stated that specific factors which are

components of vision are identifiable through factor analysis of scores

on a battery of vision screening tests given to college students.

Factor analysis of the scores of all subjects on the twenty-

three variables elicited nine factors, four of which had highest leadings

for those variables derived from vision tests. These four factors are

discussed in an order which lends itself to easy interpretation. The

interpretations are for ths most part based upon principal variables.
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that is, variables with rotated factor loadings of plus or minus .50 cr

greater. Factors are named on the basis of those test scores which

would contribute to high factor loadings when considering the direction

of the rotated factor loadings.

Factor T-l:^ Acuity Deviation. Far .—The rotated factor lead-

ings and intercorrelations for the principal variables for this factor

are as follows:

No. Variable Loading r
#10 £12 £20

8 Acuity Deviation Both, Far .62 .40 .40 .38
10 Acuity Deviation Right, Far .54 .25 .40
12 Acuity Deviation Left, Far .56 .44
20 Hyperopia-Myopia .67

The principal variables for this factor are Hyperopia-Myopia and three

acuity variables at far-point. Apparently the method of deriving the

Hyperopia-Myopia variable served to emphasize the icportance of far-point

acuity deviations in measuring hyperopia and myopia.

Because the principal loadings were positive on all acuity var-

iables measured by acuity deviations at far-point, thi3 factor has been

called Acuity Deviation. Far . It accounts for 15.35 per cent of the com-

mon variance extracted from the matrix by all nine factors. By comparison

with the findings of Cook2 it is probable that this factor would be re-

lated to two factors he namsd Retinal Resolution and Lens Accommcc ;ion .

Robinson and Huelsman described their first factor simply as Acuity , since

^This designation of factors indicates the group of subjects
involved and the order of appearance in the rotated factor matrix.

HnnV 1 r\r>
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in their study the factor had leadings on both near-point and far-point

acuity tests. ^ In both named studies, a second factor differentiated by

sign between near-point and far-point acuity tests.

Factor T-4; Acuity Deviation. Near .—The rotated factor load-

ings and intercorrelations for the principal variables for Factor T-4

are as follows:

No. Variable Loading r

9 Acuity Deviation Both, Near .63

m m
.41 .14

13 Acuity Deviation Left, Near .60 .24

(11 Acuity Deviation Right, Near .20)

The principal variables for this factor are derived from positive load-

ings on tests of binocular acuity deviation at near-point and of left eye

acuity deviation at near-point. The factor is therefore called Acuity

Deviation. Near . It is the companion factor to Factor T-l.

The presence of both factors points out the importance of

measurements of acuity at both near-point and far-point in a vision screen-

ing battery. Although a weaker factor than its coupanion, this factor

accounts for 9.03 per cent of the common variance extracted from the

matrix.

As noted above, studies by Cook and by Robinson and Huelsman

described acuity factors, on8 of which differentiated between vision

tests at near-point and at far-point. It is believed that Factors T-l

%©len M. Robinson and Charles B. Huelsman, Jr., ‘'Visual Effi-

ciency and Progress in Learning to Read," in Helen M. Robinson (ed.).

Clinical Studies In Reading II (Chicago: University of Chicago Press,

1953), p. 58.
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and T-4 specifically identify acuity as an important area of vision,

and just as specifically point out the importance of acuity measures at

both distances.

It should be noted that both acuity factors have principal

variables derived from tests of binocular acuity. Also, the relatively

low intercorralations among binocular acuity variables and monocular

acuity variables indicate the necessity for considering these as separate

contributors to the acuity factors. Too, the importance of binocular

vision for reading has been emphasised by researchers for ovor thirty

years. These facts serve to emphasize the need for including tests of

binocular acuity in a vision screening battery.

Factor T-3; Acuity Imbalance .—The rotated factor loadings

and intercorrelations for the principal variables for this factor are as

follows

:

No., Variable Loading r

15 Acuity Difference, Near .73

m gn.

.53 .50

14 Acuity Difference, Far .63 .32
11 Acuity Deviation Right, Near .64

The principal variables for this factor are derived from positive load-

ings on measures of imbalance in acuity of the two eyes, one at nsar-

point and one at far-point, and the measure of right eye acuity deviation

at near-point. The factor is called Acuity Imbalance . Acuity Im-

balance is the strongest factor precipitated, in that it accounts for

17.03 per cent of the total variance extracted from the matrix.
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Kelly included measures of Acuity Imbalance in his study, but

felt the narrow range measured by the variable contributed to its unreli-

ability. Despite this, he suggested imbalance in acuity "may be an

important visual function."^ Spache and Tillman found that acuity dif-

ference between the two eyes at near-point differentiated between retarded

and non-retarded readers. ^ The findings of these authors are definitely

supported by the presence of Factor T-3, and suggests the value of con-

sidering Acuity Imbalance in clinical studies.

Further evidence of the importance of unequal acuity of the

separate eyes is found in the contributions of these variables to Factor

T-4 as well as to Factor T-3. Right eye acuity deviations contribute

much less to the factor Acuity Deviation. Near and are definitely asso-

ciated with Acuity Imbalance at both distances. This supports the find-

ings of Spache and Tillman, who suggested retarded readers might prefer

the right eye. A reason for such preference might now be hypothesized.

Cook did not find evidence for the importance of acuity dif-

ferences between the two eyes; indeed the study did not consider such

differences. However, Robinson and Huelsman describe a factor which

"differentiates among performances by right eye, both eyes, and left

eye. The data presented by these authors are reproduced in Table 16,

^Charles R. K>-lly, Visual Screening and Child Development

(Raleigh, North Carolina: North Carolina State Teachers College,

1957), pp. 4, 5, 24.

George D. Spache and Chester E. Tillman ,
"A Comparison of

the Visual Profiles of Retarded and Non-retarded Readers," Journal of

Developmental Reading . Vol. 5 (Winter, 1962), pp. 101-109.

^Robinson and Huelsman, op. clt . . p. 53.
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and reveal that this conclusion is true for the Ortho-Rater tests only

for Grade VII. Acuity Imbalance may, then, be a functional development

related to educational misuse of the vision mechanism.

TABLE 16

ACUITY TEST FACTOR LOADINGS REPORTED BY
ROBINSON AND HUELSMAN ON FACTOR C

Ortho-Rater Test Grade IV Grade VII

Binocular acuity, far 17 37
Right eye acuity, far 12 34
Left eye acuity, far 13 -10

Binocular acuity, near 38 23
Right eye acuity, near 15 39
Loft eye acuity, near 11 -11

Factor T-2; Phoria. Far .—The rotated factor loadings and

correlations for this factor are as follows:

No. Variable Loading r

4 Vertical Phoria Deviation, Far .52

£6

.27

iti a
.23 .07

6 Lateral Phoria Deviation, Far .49 .10 .12

(5 Lateral Phoria Deviation, Near .31) .07

(7 Vertical Phoria Deviation, Near .19)

The principal variables for this relatively weak factor are derived from

positive loadings on far-point measures of phoria. The Phoria. Far factor

accounts for only 7.08 per cent of the common variance extracted from the

correlation matrix. Although far-point measures of vertical and lateral

phoria are the major contributors to this factor, the intercorrelations
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indicate near-point tests to be measuring unrelated, if loss important,

entities.

One must conclude that, in the total group, far-point measures

of phoria are more important than those at near-point, while at reading

distance lateral phoria is more important than vertical phoria. The

weakness of this factor probably stems from (l) the narrow range of the

vertical phoria measure, and (2) the recognized unreliability of lateral

phoria measures, and is evidenced by the low commonalities of the primary

variables.

Thus, in a battery of vision screening tests, the clinician

might expect to include at least far phoria measures, while recognising

the separate contributions of near phoria tests when time is available

to include them.

Cook reported four factors derived from measures of phoria:

(1) lateral phoria, measured best by commercial screening devices,

(2) near lateral phoria, as measured by screening tests, (3) hyperphoria

(vertical phoria), and (4) a factor related to change in vertical phoria

after re st .^ The phoria factor in the present study is general, and the

first three factors described by Cook.

Perhaps it should be recalled that Robinson and Euelsmaa made

no attempt to elicit and name phoria factors, assumedly because of the

curvilinear nature of these measures. It is hoped that the use of devi-

ation scores in the present study has in part eliminated the problem, and

allowed a clear picture of the contribution of phoria variables to be

shown in a single general factor,

7
'Cock, loc. cit.
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Hypothesis I seems adequately supported by the precipitation

of four factors which identify relatively independent components of vis-

ion. From thirteen variables derived from ten vision tests, three acuity

factors and one phoria factor have been identified.

Hypothesis II

The second hypothesis stated that there are positive relation-

ships between vision factors, and changes in levels of reading skills as

a result of a reading improvement course given to college students.

The correlations between these variables have been presented

in Table 10. In general. Hypothesis II was not supported by the data,

since all correlations were very low. While one might observe general

trends such as (l) negative relationships between acuity deviations and

Rate Change, (2) negative relationships between acuity deviations and

Story Comprehension Change, and (3) positive relationships between

phoria variables and Story Comprehension Change, these are obviously

only minor trends and not supported by significant correlations.

Hypothesis III

The third hypothesis stated that there are positive relation-

ships between levels of certain mental abilities and change in levels of

reading skills as a result of a reading improvement course given to col-

lege students.

The correlations between the mental abilities measured by the

Scholastic Aptitude Test and change in levels of reading skills are as

follows:
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Reading Rate Story Comp.

Change Change

Verbal Reasoning .02 .05

Quantitative Reasoning -.02 .03

Paragraph
Como, Change

.04

.01

Hypothesis III was not supported by the data.

Change in levels of reading skills apparently is independent

of both verbal ability and quantitative ability at the college freshman

level . This might well be because at this educational level the measured

abilities are relatively homogeneous. A second consideration is that all

these students probably have verbal and quantitative ability beyond a

necessary mi nimum for success and changes in levels of reading skills are

dependent upon other variables.

Hypothesis IV

The fourth hypothesis stated that there are positive relation-

ships between previous academic achievement and change in levels of read-

ing skills as a result of a reading improvement course given to college

students.

The correlations between the variables indicating prior aca-

demic achievement (Class Rank, Converted) and predicted academic achieve-

ment (Predicted Grade Average), and variables indicating reading skills

changes are shown below:

Reading Rate Story Comp. Paragraph
Change Change Comp. Change

Class Rank, Converted .13 .03 .09

Predicted Grade Average .09 -.03 .07

Hypothesis IV was not supported by the data.
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The consistent low correlations indicate that changes in read-

ing skills are also independent of previous academic achievement, at

least at the college freshman level. It was expected that a paragraph

comprehension measure, which requires a study-type approach, would cor-

relate positively with academic achievement. With these subjects, how-

ever, there was no relationship between the two.

As anticipated. Predicted Grade Average was seen to correlate

highly (r = .73) with prior academic achievement. For this reason its

relationship with changes in reading skills was noted. Changes in read-

ing skills were also found to be independent of the PGA variable, as they

were of the components entering into the equations.

Hypothesis 7

The fifth hypothesis stated that there are positive relation-

ships between initial levels of reading skills and changes in levels of

reading skills as a result of a reading improvement course given to col-

lege students.

The correlations between initial reading skills and changes

attributed to the reading improvement course are shown below:

Rate Story Comp. Paragraph Comp.

Change Change Change

Reading Rate -.35 -.05

Reading Story Comp. .04 -.63

Reading Paragraph Comp. .01 -.18

.01
-.07
-.61

%"n8 four regression equations used to predict grade point

averages included Class Rank, Converted, and two equations included English

Composition scores, SAT Verbal and SAT Quantitative scores were also

included.
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This hypothesis i3 refuted by the data. The only significant correla-

tions are negative rather than positive, indicating that students ini-

tially lowest in a reading skill would cake the greatest change in that

skill. This emphasis is necessary since change in any single reading

skill is apparently independent of changes in other reading skills.

Support for the independence of each reading skill is derived

from the fact that each of three of the nine factors elicited has highest

loadings on one reading skill and its related change. The rotated load-

ings for these factors are listed below:

Factor T-5
Reading
Rate

Factor T-7 Factor T-3
Reading Story Reading Para-

Comp. graph Changs

Reading Rate .48
Rate Change -.42
Reading Story Comprehension .69

Story Comprehension Change -.61
Reading Paragraph Coup.
Paragraph Comp. Change

.69
-.56

On the basis of these data the clinician might expect students to make

gain3 in any one reading skill without greatly affecting the level of

performance on other reading skills.

As Spache has suggested, the clinician might also expect the

law of diminishing returns to operate in his instruction of students in

reading.^ This conclusion is supported by the opposing signs for factor

loadings on the reading skills factors, and by the negative correlations

^George D. Spache, "Clinical Work with College Students," in
College-Adult Reading Instruction . IRA Perspectives in Reading I (Newark,

Delaware, 1964), p. 138.
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between the reading skills variables. Thus the student initially high-

est in a reading skill would be expected to gain least in that skill.

One must, however, apply this finding with care to the skill Reading Rato,

since the correlation between this variable and Rate Change is relatively

low. The clinician might expect this lew correlation since he is aware

of the many influences upon reading rate.

Hypothesis VI

The sixth hypothesis stated that (l) the nature of vision fac-

tors, and (2) their relationships with changes in reading skills, differ

between the total group of subjects, and subjects with uncorrected vis-

ion problems.

The discussion under Hypothesis I pointed out the four vision

factors which were precipitated from scores of the total group of one

hundred sixty-three subjects on twenty-three variables. When scores for

Sub-group VP were factorized, a total of six vision factors was pre-

cipitated. In Table 17 it is possible to see the major differences in

vision factors between these two groups.

For the vision problem sub-group, right eye acuity at far-

point becomes a more important measure, as seen in the presence of a

specific factor for this variable. An indication of the reason for

this importance is seen in the negative correlations (Appendix C) right

eye acuity at far-point had with initial reading rate, all reading

skills changes, academic achievement, and mental abilities. The tendency

toward negative relationships was present in the total group, but it was
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; gnificaatly higher (p « .05)*^ with subjects who had uncorrected vi3ion

problems. This finding is related to that made by Spacho and Tillman who

concluded that retarded readers wore poorer in left- aye acuity. -1"^

A third difference in the nature of vision factors between the

total group and subjects with unconnected vision problems is in the area

of phoria. For the total group, Phoria , Far was the only factor with

high loadings on phoria variables. However, for subjects with uncorrected

vision problems, vertical phoria emerged as a valuable measure. This was

evidenced by the elicitation of the Vertical Phoria factor. There was

higher loading on vertical phoria at near-point, but vertical phoria at

far-point was sufficiently high to be considered as contributing. There

was also a substantial correlation (r = .38, p = .01) between the near-

point and far-point measures.

Slight changes in the correlations between vertical and lateral

phoria variables between the two groups indicated minor trends. These

are shown in the correlations listed below:

H
#5
#6
#7

Vertical Phoria, Dev., Far
Vertical Phoria, Dev., Near
Lateral Phoria, Dev., Far
Lateral Phoria, Dev., Near

There was an increasing trend toward negative relationships between

vertical and lateral phoria for subjects with uncorrected vision problems.

^•CGhi square, corrected for continuity, equals 5.2.

•^Spache and Tillman, oo. cit., p. 109.
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Vertical phoria at the two distances tended to become more highly cor-

related; lateral phoria at the two distances remained uncorrelated.

These facts indicate that vertical phoria measures at both

distances, and lateral phoria measures at both distances are valuable

for complete screening of vision. If only one vertical phoria measure

is to be included, this should be at near-point, rather than at far-

12
point as in one commercial instrument.

The Acuity Deviation. Near factor remained relatively unchanged

between the two groups, even to the amount of variance accounted for from,

the correlation matrices. Acuity Imbalance also remained the strongest

factor in terms of the amount of variance accounted for. The relation-

ship between acuity imbalance and right eye acuity at near-point con-

tinued as an indication of the importance of difference in acuity between

the two eyes.

General Discussion

There were several important aspects of the present study

which were not considered in the discussion related specifically to the

hypotheses. One of these was the relation which vision has to prior

levels of reading skills.

For the total group of subjects, there were no significant

relationships between previously attained reading skills and any vision

variable. This was also true for the Vision Problem sub-group.

"^The Keystone Telebinocular measures vertical phoria only

at far-point.
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As has been previously mentioned, for the total group of sub-

jects there were no significant correlations between vision variables

and changes in levels of reading skills as a result of the reading im-

provement course. For subjects with uncorrected vision problems, how-

ever, there were several significant correlations.

Paragraph Comprehension Change was significantly related to

vertical phoria at far-point (r = .27, p - .05). But probably the most

meaningful correlations are negative between binocular acuity deviations

at far-point and both measures of reading comprehension. These correla-

tions indicate that for subjects of the Vision Problem sub-group devia-

tions in binocular acuity at far-point interfere with change in Story

Comprehension (r r -.40, p = .01) and with Paragraph Comprehension change

(r = -. 32 , p » .02).

Although the differences were not significant, students in Sub-

group VP were initially higher in all reading skills, but made less gain

than the total group in rate of reading, while gaining more in story

comprehension. A plausible explanation is that these students must ex-

pend more effort controlling defective vision, and reach a peak rate

sooner than the general student population. Slower rate enables more

emphasis upon comprehension, which is the mode of compensation enabling

the student with uncorrected vision problems to continue in higher educa-

tion.

A second difference in the two groups of subjects was the

relation which vision has to academic achievement. The correlations
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between these two types of variables are listed in Table 18. For the

total group of subjects there was practically no indicated relationships

between variables measuring academic achievement and vision variables.

Possible consideration should be given to (l) the small positive re-

lationship between deviations in binocular acuity at near-point and Pre-

dicted Grade Average, and (2) to the small negative relationship between

Class Rank and right eye deviations at near-point.

Students with uncorrected vision problems generally tended to

indicate more and higher negative correlations (p = .05)^ between vision

and measures of academic achievement. Particularly important were the

negative correlations between right eye acuity deviations and academic

achievement. This emphasis upon right eye acuity was maintained through-

out the study by various measures.

The relationships between the measured mental abilities and

vision should also be considered. Correlations between these two typ>es

of variables are shown in Table 19. Again, the correlations were not

sufficiently high to be significant. However, there was a trend (not

significant)^ toward negative correlations between visual deviations

and measured mental abilities. The subjects with uncorrected vision

problems indicated higher negative correlations between the two types of

variables. It was especially noticeable that the highest negative cor-

relations were between verbal ability and (l) the variables indicating

deviations in binocular acuity and in right eye acuity at far—point, and

(2) lateral phoria deviations at reading distance.

l^Chi square, corrected for continuity, equals 5.04.

^Chi square, corrected, equals 2.56.
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TABLE 18

CORRELATIONS BETWEEN VISION VARIABLES AND VARIABLES

MEASURING ACADEMIC ACHIEVEMENT

#16 Class Rank

Variables Group T Sub-gp. VP

# Name

4 Vert. Phoria Dev., Far

5 Vert. Phoria Dev., Near

6 Lateral Phoria Dev., Far

7 Lateral Phoria Dev., Near

8 Acuity Dev. Both, Far

9 Acuity Dev. Both, Near

10 Acuity Dev. Right, Far

11 Acuity Dev. Right, Near

12 Acuity Dev. Left, Far

13 Acuity Dev. Left, Near

14 Acuity Imbalance, Far

15 Acuity Imbalance, Near

20 Hyperopia-Myopia

-.04
-.04

-.03

.11

-.06

.09

-.07

-.18

.01

-.08
-.01
-.04

-.01

-.02
-.03

-.04

.11

-.14

-.07

-.22

-.30

-.04

-.18

.04

-.03

-.13

#19 PGA
Group T Sub-gp. VP

-.03 .04
-.08 -.12

-.05 -.03

.06 .06

.01 -.11

.19 .05

-.07 -.29

-.08 -.25

.06 -.02

.01 -.04

-.08 -.12

-.08 -.14

.01 -.17

TABLE 19

CORRELATIONS BETWEEN VISION VARIABLES AND

MEASURED MENTAL ABILITIES

#

4

5

6

7

8

9

10

11

12

13

14

15

20

Variables
Name

Vert. Phoria Dev., Far

Vert. Phoria Dev., Near

Lateral Phoria Dev., Far

Lateral Phoria Dev., Near

Acuity Dev. Both, Far

Acuity Dev. Both, Near

Acuity Dev. Right, Far

Acuity Dev. Right, Near

Acuity Dev. Left, Far

Acuity Dev. Left, Near

Acuity Imbalance, Far

Acuity Imbalance, Near

Hyperopia-Myopia

#17 Verbal #18 Quantitative

Group T Sub-gp. VP Group T Sub-gp. VP

.04 .00

.03 -.18

-.04 -.01

.08 -.19

.02 -.25

.04 .09

.06 -.19

.13 .04

.02 .00

.07 .13

.02 .02

.09 .03

.05 -.15

-.01 .09

.04 .01

-.11 -.08

-.01 -.03

.04 .09

.01 -.05

.00 -.08

-.04 -.12

-.02 .04

-.08 -.17

-.11 -.17

-.05 -.16

.01 .04
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When scores for all subjects were factorized, a single cental

ability factor was precipitated which had highest factor loadings on

measures of both verbal and quantitative ability. Factorization of Sub-

group VP scores precipitated two factors, one related to Verbal ability

and the second related to quantitative ability (see below). The correla-

tions under the two conditions (also listed below) indicate that the

verbal and quantitative abilities are significantly less related in the

sub-group with vision problems. One possible explanation for this dif-

ference lies in the fact that there were almost twice as many female as

male subjects with uncorrected vision problems. A second possible ex-

planation is in the condensation technique utilized by subjects with

uncorrected vision problems. Quantitative reasoning does not require

rapid reading, but verbal reasoning requires a wide reading experience

for the development of vocabulary and method. These subjects may

functionally separate the two types of reasoning because of emphasis

upon the separate approach required of them.

Group T Sub-group VP

Variable Loading r Loading r

#17 SAT Verbal .68 ^ .72» -12

#18 SAT Quantitative .68.SO***

^Factor VP-9
**Factor VP-7

There were the expected correlations between the measured

mental abilities and the Predicted Grade Average variable (see Appendix C).

These high correlations are of course due to the inclusion of the mental

ability scores in the regression equations used for prediction of grade

averages.



CHAPTER VII

SUMMARY, CONCLUSIONS, AND CLINICAL CONSIDERATIONS

Summary

The purpose of the present study was to determine the relation-

ships between vision and change in the levels of reading skills as a

result of a reading improvement course, and the effect of uncorrected

vision problems upon these relationships. Six hypotheses were to be

tested by factor analysis of the scores of selected subjects on a series

of tests.

In order to accomplish this purpose, one hundred eighty subjects

were selected from the entering freshman class at Stetson University.

The subjects were the poorest readers in the class as selected by the

Cooperative English Test, Reading Comprehension Total Score. All sub-

jects were given individual vision screening using a battery of twelve

vision tests presented by the Ortho-Rater.

These subjects were also given a carefully prepared reading

improvement course emphasizing (l) increase in rate of reading by machine

training, and (2) flexibility in reading, utilizing various methods

according to purpose. The Diagnostic Reading Test, Form A was used as

a reading pre-test to measure the initial level of reading skills.

Form D of the DRT was used as a reading post-test to measure changes in

levels of reading skills attributable to the reading improvement course.
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A total of one hundred sixty-three subjects completed the

reading improvement course and all tests. Scores from ten vision tests

were translated to ten deviation scales, and three derived scales. A

total of thirteen vision variables was thus available. The Diagnostic

Reading Test, Form A raw scores were used as a measure of initial read-

ing skills. Differences between raw scores on the DRT Form D and the

DRT Form A were used as reading change scores which were attributable

to a Reading Improvement Course. From these tests six reading variables

were thus available.

The Office of Admissions at Stetson University made available

the subjects 1 scores on the Verbal and Mathematical sections of the

Scholastic Aptitude Test, the subjects’ high school class rank, and pre-

dicted grade averages. Scaled scores on the SAT Verbal and Mathematical

sections were used as two variables measuring mental abilities. Class

ranks were converted to a standard scale, and used as a measure of

academic achievement. Predicted grade averages were used as a multi-test

indication of potential academic achievement.

Thus the scores of one hundred sixty-three subjects on twenty-

three variables were factorized utilizing the RPAFAV program for the

IBM 709 Computer. The three steps in the program produced the correla-

tion matrix, the principal axis factor analysis, and the Varimax rota-

tion. Nine factors were precipitated in this factorization.

A total of fifty-one subjects was selected who failed one or

more of the vision screening tests administered. Scores by these
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subjects on the twenty-three variables were factorized utilizing the

same computer program. Twelve factors were precipitated in this factori-

zation.

The results from the two factorizations were presented in de-

tail in Chapter V and in Appendix C. General results were presented,

and specific results given as these related to the six hypotheses. In

Chapter VI a detailed discussion of these findings was given as they

related to the hypotheses, and to general questions raised in the sur-

vey of the literature.

Conclusions

Vision tests .—One of the preliminary steps to comparison of

vision and reading is obtaining adequate, easily available vision tests.

Factorization of the scores of all subjects on a commercially available

screening battery precipitated four vision factors, while factorization

of the scores of the vision problem sub-group precipitated six vision

factors.

Analysis of these data led to the following conclusions re-

garding vision screening:

(1) There are relatively independent measures of

vision function for subjects at the college

freshman level;

(2) Acuity at far-point and acuity at near-point

are sufficiently independent to be measured

separately;

(3) Tests of binocular acuity are important

measures to be included in a vision screen-

ing battery;
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(4) Imbalance of acuity of the two eye 3 is an
important and relatively independent de-
rived measure which might indicate func-
tional development related to educational
misuse of the vision mechanism;

(5) Phoria measures at far-point are the most
valuable phoria measures, although near-
point tests measure relatively separate,
if less important entities;

(6) Vision functions may differ in inportance
for subjects who have uncorrected vision
problems, for example, right eye acuity
and vertical phoria assume greater im-
portance in the vision of these subjects.

Vision and reading .—Reading skills and changes in reading

skills were, for the total group of subjects, practically independent

of vision functions. The presence of uncorrected vision problems in

subjects apparently did increase the relationships between binocular

acuity and reading comprehension changes. let, despite the fact that

subjects with uncorrected vision problems tended to be initially higher

in all reading skills, they made less gain in rate and more gain in

story comprehension than did the group as a whole. These differences

were not significant.

It was concluded that, at the level of reading performance of

these subjects, vision functions were not a determining factor in the

levels of reading skills attained, or in the change in the levels of

reading skills as a result of a reading improvement course. These sub-

jects had apparently been able to compensate for any uncorrected vision

problems which were present. However, when faced with rapid increase in

reading skills, subjects with uncorrected vision problems were required

to expand greater effort controlling defective vision. This effort
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prevented rapid rate increase and placed emphasis upon comprehension, a

method believed to be the mode of compensation enabling these subjects

to continue in higher education.

Vision and non-reading measures .—For the total group of sub-

jects there were no meaningful relationships between vision functions

and academic achievement or measured mental abilities. For subjects with

uncorrected vision problems, however, there was a significant trend toward

negative correlations between vision deviations and both academic achieve-

ment and measured mental abilities.

It was concluded that, for the general freshman population,

vision was not related to academic achievement or measured mental abili-

ties. However, uncorrected vision problems tended to interfere with

subjects' academic achievement, and with their performance on measures

of mental ability. This conclusion is drawn bearing in mind the many

compensatory adjustments made by subjects under the stresses of cultural

demands

.

Reading and non-vision measures.—The correlations between

both initial reading skills and reading skills change and (l) measured

mental abilities, and (2) previous academic achievement were for all

practical purposes nonexistent.

It was concluded that change in the levels of reading skills

as a result of a reading improvement course is independent of verbal and

quantitative cental abilities, and of previous academic achievement.

It is believed that these college freshmen have verbal and quantitative

abilities beyond requirements for success, and changes in read-

ing skills are dependent upon other variables, for example, motivation.
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Reading skills changes were found to be negatively related to

previous levels of reading skills. And each of three of the factors

precipitated was specific to one reading skill and its concomitant

change. It was concluded that reading skills changes are subject to the

law of diminishing returns, that is, one might expect the initially

lowest student to gain relatively more and the initially highest student

to gain relatively less in reading skills. These facts must be applied

with considerable caution to reading rate, since there are so many in-

fluences upon this skill.

General considerations .—One consistent trend pervaded the

data in this study. Right eye acuity was seen to be an important dif-

ferentiating measure between the total group and the vision problem sub-

group. Right Acuity Deviation. Far was a specific factor precipitated

in the factorization of scores of subjects with uncorrected vision prob-

lems, and in this factorization there was a significant (p = .01)*' in-

crease in the number of negative correlations between right eye acuity

deviations and (l) initial reading skills, (2) reading skills changes,

(3) academic achievement measures, and (4) mental abilities measures.

For both groups, right acuity deviations were significantly correlated

with acuity imbalance at near-point and far-point.

It was concluded that deviations in right eye acuity are highly

important as an indication of adverse effects of vision problems upon

academic-type activities. Such deviations apparently are not as easily

controlled by the subject, and interfere with efficiency in continued

near-point activities.

^Chi square, corrected for continuity, equals 11.4.
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The Hyperopla-Myopia variable appeared to be an important

derived measure, but its exact role in the study was difficult to deter-

mine. There were minor negative correlations with initial reading rate

and with all reading skills changes. Hyperopia-Myopia was the principal

variable in the strongest factor elicited in both factorizations.

Hyperopia-Myopia had significant positive correlations with the three

measures of acuity deviation at far-point.

It was concluded that purified hyperopic and myopic tendencies2

are important measures in vision. This type of derived measure utiliz-

ing various tests may be an answer to the reading clinician’s problem of

determining the effects of vision upon reading.

Clinical Considerations

Generally speaking, normal vision does not have a great effect

upon the academic-type activities of college freshmen. However, a sur-

prising number of these students do have uncorrected vision problems.

These latter students have been able to compensate for vision problems

throughout high school studies, but soon begin to feel the pressure of

long-term, continuous demands which the college curriculum makes upon

the vision mechanism. Symptoms range from tired eyes to excessive bodily

tension preventing concentration.

Listed below are some considerations for the reading clinician

which have emerged from the present study:

^he deviation of this variable is explained on pages 82-83.
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(1) Commercially available vision screening instru-

ments, such as the Ortho-Rater, which offer

a battery of vision tests, are necessary to

adequately screen vision of students. Vision

screening should be done with the primary pur-

pose of understanding the potential of the

student for reading improvement, and the sec-

ondary purpose of referral to a vision special-

ist for correction. Where clinical referrals

are made, close communication is required to

relate corrections to the reading needs of the

student

;

(2) Include monocular measures of acuity for each

eye as well as binocular acuity tests; all

tests should be given at far-point as well as

at reading distance;

(3) Imbalance of acuity of the two eyes is an im-

portant consideration. There is an apparent

relationship between right eye deviations at

near-point and acuity imbalance. Where de-

viations are outside recommended norms for

adults, this relationship increases, and

tends to be negatively related to gain in

reading rate. Right eye acuity deviations

are seemingly more difficult to control,

and therefore interfere more with academic-

type activities;

(4) A derived measure of Hyperopia-Myopia is an

important clinical consideration. The

functionally derived measure used in the

present study correlated highly with all

far-point acuity measures. There tended to

be minor negative relationships between

Hyperopia-Myopia and change in levels of

reading shills, especially Paragraph Com-

prehension Change. A thorough study of these

relationships should be continued;

(5) Reading improvement at the college freshman

level is apparently independent of verbal

and quantitative ability, and of prior aca-

demic achievement. Students who have reached

this academic level seem to be endowed beyond

a nrirrimrm level required for progress;
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(6) At this level, reading skills are relatively

independent of each other, and the clinician

might expect gain in one skill without great

effect upon other skills;

(7) Gains in reading skills appear to be neg-

atively related to initial levels of reading

skills, therefore the clinician might expect

diminishing returns from reading instruction.

Students initially low in these skills would

be expected to gain relatively more than

students initially high in reading skills.

Rate of reading must, of course, be considered

in the light of the many affecting variables.

(8) The student with uncorrected vision problems

is probably more rigid in his reading habits

because of the necessity for a compensating

control of vision. When placed in a reading

improvement course, he probably will not

gain as rapidly in rate, but he will reach a

peak rate more quickly. His mode of compen-

sation might well be to emphasize comprehen-

sion, particularly of the study-type requiring

slower rate and additional effort

.

One technique for combating this situation is emphasis upon

skimming, or reading for ideas, so that the intense vision control is

relaxed in favor of less critical images. A concomitant increase in rate

is required to maintain the relaxed visual method. The technique obvi-

ously reduces comprehension initially, but can be utilized for many

reading assignments. It will also lead the student toward flexibility

in reading, a necessary part of college reading skills.
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APPENDIX A

GLOSSARY OF VISION TERMS

Accommodation: a change in "the focus of the lens of the eye when

changing the point of regard from far to near or vice

versa; measured in units of power called the diopter.

Acuity: a measure of the smallest perceptible detail in black and

white at a specified distance.

Acuity imbalance : a difference in the acuity of the two eyes; see

Anisometropia.

Anisometropia : a difference in the refractive power of the two eyes;

there are very few people without some degree j however,

there is a native ability to tolerate and adapt to the dif-

ference if it is not large.

Anisekonia: a difference in the size and shape of the ocular images

without a significant degree of anisometropia.

Astigmatism: a refractive error of the lens of the eye causing the

light rays going into the eye to focus in different planes.

Binocular vision: vision involving images from both eyes; see Fusion.

Binocular coordination: movement of the two eyes together by means

of the ocular muscles.

Color discrimination: a measure of the latest difference between

colors, in different combinations, that can be perceived

entirely apart from the need to recognize, name, or

match specific colors.

Convergence: turning the eyes inward, crossing, in order to see a

near object as a single image.

Depth perception: a measure of the minimum perceived difference in

distance of two objects when all cues are eliminated except

binocular parallax (the differential in the triangulation

of the visual axes for the two different distances).

Diopter: a unit of measure of power of (l) accommodation of the lens
of the eye, or (2) prescribed lenses.
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Diplopia: doubling of vision.

Divergence: turning the eyes out in order to see a more distant

object as a single image.

Ductions: muscular ability of the eyes to diverge and converge.

Esophoria: a tendency toward overconvergence.

Exophoria: a tendency toward underconvergence.

Far-point: at a distance from the eyes, with convergence relatively
relaxed; for the Ortho-Eater, an optical distance of eight
meters, approximately twenty-six feet.

Fusion: combining the Images of both eyes into a single stereoscopic
image.

Hyperopia: far-sighted; a refractive error of the lens of the eye
causing far objects to be seen more clearly than near
objects.

Interpupillary distance: the distance between the pupils of the
eyes across the bridge of the nose.

Lateral imbalance: habitual faulty posturing of the eyes, causing
underconvergence or overconvergence; imbalance of the
ocular muscles in the lateral plane creating difficulty
of fusion of two images.

Lateral phoria; the lateral angle between the axes of the two eyes;

a measure of lateral imbalance.

Maddox Rod Test: a crude clinical measure of ocular imbalance.

Monocular vision: vision with one eye, as measured by a common test;

or exclusive of frequent use of only one eye in normally
binocular tasks; see Suppression.

Muscle imbalance: habitual faulty posturing of the ocular muscles
in the vertical or lateral plane; see Phoria.

Myopia: near-sighted; a refractive error of the lens of the eye

causing near objects to be seen more clearly than far objects.

Near-point: at approximate reading distance; for the Ortho-Rater,

an optical distance of fourteen inches from the subject.

Overconvergence: a tendency to turn the eyes inward too far (cross-

ing) when viewing an object binocularly; see Lateral imbalance.
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Ortho-Rater: an instrument which presents a battery of standardized
precision vision tests produced by the Bausch and Lomb
Optical Company and standardized for industry by the
Statistical Laboratory for Vision Tests at Purdue University.

Phoria: a measure indicating the lateral and vertical angles between
the axes of the two eyos when they are not required to main-
tain coincidence on any single point of fixation, but with
the eyes focused for a specific distance. Each phoria
scale extonds from one extreme through the normal to the
other extreme.

Stereopsis: the ability to receive impressions of relief, solidity,
and tri-dimensionality, achieved through depth perception.

Suppression: a functional disorder wherein the visual sensations from
one eye are not utilized in image perception.

Underconvergence: a tendency to turn the eyes outward too far when
viewing an object binocularly; see Lateral imbalance.

Vergence: lateral movement of the eyes inward or outward in the
lateral plane in order to regard objects at varying
distances.

Vertical imbalance: habitual faulty posturing of the eyes in the
vertical plane, creating difficulty of fusion of the two
images.

Vertical phoria: the vertical angle between the axes of the two eyes;
a measure of vertical imbalance.



APPENDIX B
l

VISUAL ACUITY EQUIVALENTS OF ORTHO-RATER ACUITY LEVELS

Test Item
Number

Visual
Angle

Visual
Snellen

Acuity Notation
A.M.A.

1 10.0' 20/200 20%

2 5.0' 20/100 49%

3 3.33' 20/67 67.5%

4 2.5' 20/50 76.5%

5 2.0' 20/40 84.5%

6 1.67' 20/33 88.5%

7 1.43' 20/29 92.5%

8 1.25’ 20/25 95.5%

9 1.11' 20/22 • 98%

10 1.0' 20/20 100%

11 .91' 20/18 101.5%

12 .83' 20/17 103%

13 .77' 20/15 104%

14 .71' 20/14 105.5%

15 .67' 20/13 106.5%
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APPENDIX B
2

INDIVIDUAL VISION PROFILE

Name_ Date_

Group

Use of glasses: none reading only distance only

full-time number of years

Contact lenses: yes - no (check one)

Directions: With glasses, use X; without glasses, use 0. Raw score on

top of line; deviation score below line.

Far-Point

Vertical Phoria

Lateral Phoria

Acuity, Both

Acuity, Right

Acuity, Left

Stereopsis

Color

Vertical Phoria

Lateral Phoria

Acuity, Both

Acuity, Right

Acuity, Left

X 1 2 3 4 5 6 7 8 9

4 3 2 1 0 1 2 3 4

X 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4

0 1 2 3 4

Near-Point

X 1 2 3 4 5 6 7 8 9

4 3 2 1 0 1 2 3 4

X 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

Comments

:



136

APPENDIX B
3

NAME READING SECTION 1-1 1-2 2-1 2-2 3-1 3-2

Last First Circle One

FILMSTRIP ANSWER SHEET

Film No. Rate Comp

.

123456789 10 COMMENTS

•



#

1
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APPENDIX C
l

INTERCORRELATION MATRIX, GROUP T (N=163)

Variables 1 2 3 4 5 6 7 8 9 10

Name

Reading Rate
Reading Story

1.00

Comprehens ion

Reading Paragraph

-.05 1.00

Comprehension
Vertical Phoria

.07 .39 1.00

Deviation, Far
Vertical Phoria

-.07 -.04 -.09 1.00

Deviation, Near .02 -.03 -.04 .23 1.00

Lateral Phoria
Deviation, Far

Lateral Phoria
.08 -.06 .08 .27 .10 1.00

Deviation, Near .01 .06 .14 .07 -.07 .12 1.00
Acuity Deviation

Both, Far
Acuity Deviation

.01 .12 .07 -.10 .05 -.01 -.08 1.00

Both, Near .05 .14 .07 -.06 .06 -.05 .00 .23 1.00
Acuity Deviation

Right
,
Far

Acuity Deviation
-.04 .04 .08 -.06 .11 .02 -.03 .40 .13 1.00

Right
,
Near

Acuity Deviation
-.05 .08 .06 .14 .16 -.04 -.04 .04 .14 .40

Left, Far .13 .11 .17 .00 -.04 .12 .05 .40 .13 .25

Acuity Deviation
Left, Near

Acuity Imbalance,
-.05 .07 .10 -.08 -.03 .02 .00 .24 .41 .14

Far .06 .04 .10 .14 .06 .09 .01 .01 -.11 .41
Acuity Imbalance,

Near .02 -.01 -.01 .21 .15 .01 -.02 -.01 -.01 .24

Class Rank -.01 .03 .11 -.04 -.04 -.03 .11 -.06 .09 -.07

SAT Verbal .05 .12 .11 .04 .03 -.04 .08 .02 .04 .06

SAT Mathematical .02 -.05 -.06 -.01 .04 -.11 -.01 .04 .01 .00

PGA .00 .17 .23 -.03 -.08 -.05 .06 .01 .19 -.07

Hyperopia-Myopia -.08 .10 .09 .01 -.02 .04 .04 .38 .15 .40

Rate Change
Story Comprehen-

-.35 .04 -.01 -.07 .05 .00 .00 -.06 .06 -.10

sion Change
Paragraph Compre-

-.05 -.63 -.18 .19 -.02 .15 .08 -.14 -.11 -.06

hens ion Change .01 -.07 -.61 .12 .09 -.06 .05 -.02 .02 -.01
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APPENDIX (continued)

11 12 13 14 15 16 17 18 19 20 21 22 23

1.00

.07 1.00

.24 .28 1.00

.32 .46 .14 1.00

.50 .22 .21 .53 1.00
-.18 .01 -.08 -.01 -.04 1.00
.13 .02 .07 .02 .09 .11 1.00

-.04 -.02 -.08 -.11 -.05 .13 .48 1.00
-.08 .06 .01 -.08 -.08 .73 .34 .40 1.00
.07 .44 .14 .10 .04 -.01 .05 .01 .01 1.00

-.09 -.14 .02 -.09 -.07 .13 .02 -.01 .09 -.12 1.00

-.05 -.04 -.06 .04 .05 .03 .05 .03 -.03 -.01 -.10 1.00

.01 -.03 -.06 .04 .05 .09 .04 .01 .07 -.02 .02 .14 1.00
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APPENDIX C
2

INTERCORRELATION MATRIX, SUB-GROUP VP (N=51)

Variables

# Name 1 2 3 4 5 6 7 8 910

1 Reading Rate
2 Reading Story

Comprehension
3 Reading Paragraph

Comprehens ion
4 Vertical Phoria

Deviation, Far

5 Vertical Phoria
Deviation, Near

6 Lateral Phoria
Deviation, Far

7 Lateral Phoria
Deviation, Near

8 Acuity Deviation
Both, Far

9 Acuity Deviation
Both, Near

10 Acuity Deviation
Right

,
Far

11 Acuity Deviation
Right, Near

12 Acuity Deviation
Left, Far

13 Acuity Deviation
Left, Near

14 Acuity Imbalance,
Far

15 Acuity Imbalance,
Near

16 Class Rank
17 SAT Verbal
18 SAT Mathematical
19 PGA
20 Hyperopia-Myopia
21 Rate Change
22 Story Comprehen-

sion Change
23 . Paragraph Compre-

hension Change

1.00

.26 1.00

.33 .48 1.00

,04 .14 -.05 1.00

.07 .04 -.11 .38 1.00

.10 .09 .19 .16 .01

.06 .07 .04 -.11 -.29

.02 .19 .19 -.31 .01

17 .05 .15 -.17 .12

16 .05 .00 OOo1 .03

12 .08 -.04 .20 .20

15 .14 .17 -.05 -.16

07 -.09 .13 -.11 .04

01 .09 .03 .30 .01

11 -.06 -.03 .25 .13

10 -.04 .07 -.02 -.03

06 .01 .24 .00 -.18

06 .09 -.06 .09 .01

08 .05 .14 .04 -.12

15 .09 .16 -.17' -.14

29 .04 -.13 -.09 .08

16 -.72 -.17 .07 -.10

05 -.12 -.70 .27 .11

1.00

.04 1.00

.04 -.21 1.00

-.07 1 o Ln .15 1.00

.03 -.34 .54 .15 1.00

-.11 -.30 -.02 .04 .50

.12 -.15 .43 .06 .26

.11 -.04 .19 .49 .16

.04 -.18 -.05 -.10 .33

-.13 -.24 -.16 -.11 .24

-.04 .11 -.14 -.07 -.22

-.01 -.19 -.25 .09 -.19

-.08 -.03 .09 -.05 -.08

-.03 .06 -.11 .05 -.29

-.04 -.12 .56 .11 .35

.05 .21 -.07 .15 -.10

.07 .09 -.40 -.21 -.16

-.06 .05 -.32 -.10 -.08
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APPENDIX C
2

(continued)

11 12 13 14 15 16 17 18 19 20 21 22 23

1.00

-.07 1.00

.12 .39 1.00

.44 .60 .30 1.00

.64 .19 .23 .65 1.00

-.30 -.04 -.18 .04 -.03 1.00
.04 .00 .13 .02 .03 .20 1.00

-.12 .04 -.17 -.17 -.16 .28 .12 1.00
-.25 -.02 -.04 -.12 -.14 .72 .53 .65 1.00

-.11 .49 .06 .09 -.09 -.13 -.15 .04 -.17 1.00
-.12 -.26 .05 -.18 -.11 .05 .13 -.18 -.02 -.10

-.10 -.09 -.02 .05 .14 .11 .07 .05 .09 -.06

.01 -.03 -.13 .24 .06 .16 .05 .01 .11 -.28

1.00

-.14 1.00

.11 .09 1.00
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