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ABSTRACT 

Statement of the Problem 

The purpose of this study was to analyze the ocular characteris

tics of children with nystagmus while reading orally and to compare 

them with children having the same visual acuity, but a different ocu

lar anomaly. 

Procedure 

Seventeen visually handicapped students enrolled at the Arizona 

State School for the Deaf and the Blind were selected for this study. 

Ten subjects, the study group, had been diagnosed as having nystagmus. 

Seven subjects, the contrast group, had been diagnosed as not having 

nystagmus. 

Each subject was observed by the investigator to evaluate his 

reading distance, head and eye movements. The visual closure subtest 

of the Illinois Test of Psycholinguistic Abilities and the Visual Effi

ciency Scale were administered to the subjects. The Reading Eye camera 

was used to secure photographs of the subjects' eyes while reading 

orally. 

A comparison of the data was made by the use of the means of 

the contrast group and the study group. 

viii 



Results 

The results of this study indicated that in general nystagmus 

could not be shown to produce poorer visual closure, slower speed of 

perception, more fixations of longer duration, or more regressions than 

other visual anomalies of the same magnitude. 

Specifically the results indicated: 

1. No general pattern of involuntary eye movements was found in 

the individual child with nystagmus or in nystagmatic children 

as a group. 

2. The return sweep of nystagmatic children was found to be irreg

ular and to have a definite overlap. 

3. Children with nystagmus did not exhibit poorer visual closure 

or a slower speed of perception than did children with the 

same visual acuity, but with other ocular anomalies. 

4. Nystagmatic children did not have more fixations of longer dura

tion than children with the same visual acuity, but a different 

ocular anomaly. 

5. Nystagmatic children did not have more regressions than other 

children with the same visual acuity, but a different ocular 

anomaly. 

Discussion of the Results 

It was obvious from the results of the study of these two groups 

of students that nystagmus does not produce greater reading problems 

than other visual anomalies of the same magnitude. 
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A significant fact revealed by the observation of the subjects 

while reading was that sixteen of the seventeen subjects moved their 

heads across the page as they read. 

The results of this study cannot be generalized to all visually 

handicapped children, but are limited to the two groups that partici

pated in this study. 

Importance of the Results 

The importance of the results for the field of education of the 

visually handicapped are as follows: 

1. Since technological advances have provided enriched educational 

activities using the sense of sight, children with limited 

vision should be trained to use their residual sight to its 

fullest capacity. Educators cannot assist the child in this 

training unless they know more of the ocular behavior of visu

ally handicapped children. 

2. The results have provided the field of education of the visually 

handicapped with some objective evidence regarding the ocular 

behavior of children with limited vision. The current study is 

the first of its type known to this investigator to have been 

undertaken regarding the eye movements of visually handicapped 

children while reading orally. 

3. The results of this study should serve as an incentive and a 

reference point for others wishing to investigate the visual 

behavior of children with limited vision. 



CHAPTER I 

INTRODUCTION 

Children with visual handicaps who are capable of reading large 

type materials have been shown to be slow, below grade level readers 

(Birch, Tisdall, Peabody, and Sterrett, 1966). Nystagmatic children 

with their visual anomaly are a part of this visually handicapped 

group. There have been few attempts to relate the cause of the visual 

impairment to the sub-par reading level of children with residual sight. 

For many years children with limited vision were educated in 

schools for the blind. The academic program and classroom procedures 

were geared to the reader of braille and every effort was made to pro

tect the remaining sight of the child with limited vision. The first 

classes for children with residual vision in the United States were 

called Defective Eyesight Classes, Classes for Conservation of Eye

sight, Sight Conservation Classes, or Sight-Saving Classes. Only in 

recent years has the medical profession given us evidence that these 

labels were misnomers. Dr. Ralph C. Lanciano, an ophthalmologist, has 

stated, "The belief that the rigors of regular educational facilities 

will aggravate a pre-existing ocular defect is fallacious (Lanciano, 

1955, p. 58). Educators are now searching for ways of improving the 

reading efficiency of children with limited vision. The meager re

search to date tends to pose more questions and problems than to 

1 
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provide answers to the visual behavior of children with remaining vi

sion (Barraga, 1964). 

The study herein reported is concerned with the visual behavior, 

while reading, of children with limited vision who are commonly classi

fied as having nystagmus (involuntary movement of the eyes). Nystagmus 

is readily observable since the eyes make rapid movements similar to 

those involved in reading. This visual anomaly may result from the 

malfunctioning of the end organs of sight or hearing, or from a lesion 

of the brain. Our present knowledge indicates the behavioral aspects 

are the same regardless of etiology. There is now professional inter

est in the processes of visual perception, visual closure, and visual 

training. The literature, the teachers and the experience of the in

vestigator suggested the need for educational research to determine 

whether or not there are common patterns in the basic reading skills of 

nystagmatic children. 

Visual functioning is sequential in development. Fixation is 

probably the basis of this development and the other functions are re

finements of the process (Gesell, Ilg, and Bullis, 1950). The presence 

of physiological abnormalities in the basic structure of the eyes com

plicate the stimulation of the retinal area, thereby restricting the 

developmental maturation of reflexive processes such as fixation and 

fusion (Lancaster, 1949). 

Evidence of the specificity of either sensory or motor func

tioning in visual behavior has yet to be clarified, but theoretical 

implications and experimental studies indicate a functional interre-

latedness between them (Barraga, 1964). 
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Eye movements are the mechanical aspects associated with read

ing. Much of what is known about the psychology of reading and learn

ing to read has been discovered through careful studies of eye 

movements (Anderson and Dearborn, 1952). The reading skills which 

lend themselves to eye movement studies include fixation, regression, 

span of recognition, duration of fixations, and return sweep (Blea, 

1967). The present study investigated the reading skills listed by 

Blea in nystagmatic children while reading orally. 

The mechanical skill of fixating is necessary if the reader is 

to extract meaning from the words on the printed line. Adequate fixa

tions are imperative for the comprehension of what is read. Rapid 

readers need fewer fixations to obtain this comprehension; therefore, 

the number of fixations per line is an indicator of the reading skill 

of the subject (Taylor, 1960). 

Regressions occur when the eyes must return to the word or 

words read. They may be the result of the reader forgetting what he 

has read or his having difficulty in recognizing a word or phrase. In 

these instances, the eyes must return to the word or phrase previously 

read to re-establish its meaning. When excessive regressions occur the 

reader loses comprehension and fluency (Taylor, 1960). 

The recognition span in reading is defined as the amount of 

printed material that can be recognized-in a single eye span of atten

tion (Kottmeyer, 1959). A good reader can perceive a group of meaning

ful words as quickly as he can perceive a group of isolated letters. 

The span of recognition tends to increase with reading maturity. 
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The duration of fixation is the length of time a reader's eyes 

pause (Kottmeyer, 1959). Excessively long eye pauses will hinder effi

cient reading skills. Therefore, appropriate level of reading material 

and effective skills in word recognition will contribute to a shortened 

duration of fixation. 

The final skill to be considered in this research was the re

turn sweep which refers to the movement of the eyes from the end of one 

line to the beginning of the next line (Good, 1959). The good reader 

will smoothly progress from the end of one line to the beginning of the 

next, while the poor reader may regress on the same line before con

tinuing to read the next line of print. 

An effective psychology of reading incorporates within it ac

quired, learned, and continually developing skills. An important em

phasis is placed on visual discrimination which is a factor in the 

initial stages of learning to read. Gross visualization at the reading 

readiness level refines into an ability to discriminate figure shapes, 

symbols, and finally words (Otto and McMenemy, 1966). Bateman (1962) 

found that partially seeing children showed a clear and significant 

deficit in obtaining meaning from visual symbols. Bateman's research 

further showed the partially sighted*s greatest deficit was found in 

the area of sequential memory for visual symbols and that limited 

visual span seemed to be a factor. 

Because of the concomitant physio-psychological processes in

volved in reading, vision and visual perception is extremely important. 

The visual behavior of nystagmatic children while reading has not been 
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analyzed. It would seem, therefore, that a study of eye movements 

would be of great value in investigating the visual discrimination of 

printed symbols in the nystagmatic child. 

Statment of the Problem 

The purpose of this research was to analyze the ocular charac

teristics of children with nystagmus while reading orally. Numerous 

studies on the visual behavior of children with normal vision have re

ported a general pattern of eye movements while reading. This study 

was concerned with how children with nystagmus differ from this gener

alized pattern. 

The specific objectives were: 

1. to determine if there was a pattern to the involuntary eye 

movements of each child with nystagmus; 

2. to determine if there was a pattern of eye movements common 

among children with nystagmus; 

3. to determine if there was a return sweep which was irregular in 

a vertical direction and with a definite overlap; 

4. to determine if there was a difference in the speed of percep

tion of the children with nystagmus and children with the same 

visual acuity, but a different ocular anomaly; 

5. to determine if there was a difference in the visual closure of 

the children with nystagmus and children with the same visual 

acuity but a different ocular anomaly; and 

6. to determine if there was a marked difference in the visual be

havior of children with nystagmus and the generalized pattern 
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of children with the same visual acuity, but a different ocular 

anomaly, while reading orally, in relation to: 

a. the number of fixations in the material read, 

b. the duration of fixations, 

c. the number of regressions in the material read. 

Importance of the Problem 

Researchers in the field of the visually handicapped have con

centrated their work with the blind and/or braille reader. Research 

on the education of the child with limited vision continues to be 

needed in many academic and vocational areas. The paucity of research 

in this area was pointed out by Tisdall in Exceptional Children Re

search Review, 1968. 

The increasing number of visually handicapped children with re

sidual sight provokes a greater dei'nand to learn more of their educa

tional functioning and needs. Nolan (1965) found that the number of 

legally blind children registered with the American Printing House for 

the Blind had increased from 14,574 in 1960 to 17,110 in 1963. The 

number of large type readers in 1960 was 5,538;. in! 1963 this group of 

readers had grown to 7,357, indicating an increase of 1,819 children 

using large type as their primary mode of reading. 

Twenty-four per cent of the 121 students in the residential 

school used in this study had been medically diagnosed as nystagmatic. 

Little is known of the optic behavior of these children and the role 

it may play in their reading difficulties. Since reading is a key to 

academic achivement, an analysis of the eye movements of nystagmatic 



7 

children while reading may provide the information necessary for estab

lishing remediation techniques that will enable these children to im

prove their overall academic achievement. 

Questions Examined 

The purpose of this research was an attempt to answer the fol

lowing questions concerning children diagnosed as having nystagmus: 

1. Did the nystagmatic child demonstrate a general pattern of 

involuntary eye movements while reading orally? 

2. Did nystagmatic children demonstrate a general pattern of in

voluntary eye movements while reading orally? 

3. Did nystagmatic children demonstrate a return sweep which was 

irregular in a vertical direction and with a definite overlap? 

4. Did nystagmatic children have a slower speed of perception than 

children with the same visual acuity, but a different ocular 

anomaly? 

5. Did nystagmatic children have poorer visual closure than chil

dren with the same visual acuity, but a different ocular anomaly? 

6. Did nystagmatic children have more fixations in the material 

read than children with the same visual acuity, but a different 

ocular anomaly? 

7. Did nystagmatic children have fixations of longer duration than 

children with the same visual acuity, but a different ocular 

anomaly? 
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8. Did nystagmatic children have more regressions in the material 

read than children with the same visual acuity, but a different 

ocular anomaly? 

Definition, of Terms 

The reference for the following definitions is Carter V. Good, 

Dictionary of Education, 2nd edition, McGraw-Hill Book Company, New 

York, 1959. 

Apperception; 

Assimilation: 

Convergence; 

Divergence: 

Duration of 
Fixation; 

Fixation; 

Oculomotor; 

Ophthalm-O-
Graph; 

Overlap; 

Clear perception, in particular where there is 
recognition or identification. 

Interpreting a new fact, or experience, by 
bringing it into relation with already existing 
knowledge. 

The act of turning the eyes inward to obtain 
binocular fixation for objects less than 20 
feet from the eyes. 

Use of the visual phenomena in binocular vision 
as the opposite of convergence. 

The time consumed in reading by pausing to fix 
the eye upon the unit of recognition, commonly 
a word part, a word, or word group; the duration 
of the fixation in reading measured in seconds 
or fractions of seconds. 

The typical halting of the eye at a line of read
ing matter to bring a portion of the line into 
fixation for reading; pause. 

Referring or relating to the movement of the 
eyes. 

A binocular camera with a moving film on which 
is recorded by means of light reflected from 
the corneas of the eyes, the coordinated move
ments of the eyes while reading. 

Movement of the eyes to the previous line read 
before beginning the next line of print or writ
ing. 
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Perception: The process of becoming immediately aware of 
something, usually employed of sense perception; 
when the thing of which we become immediately 
aware is the object affecting a sense organ; 
when that object is recognized or identified in 
any way perception passes into apperception. 

Perception The total time used in fixation of the eyes in 
Time, Total: reading as computed from an ophthalmograph 

record; the total duration of the fixations of 
the eyes in reading a unit of reading matter. 

A portable machine equipped with an adjustable 
chinrest, movable headsteadiers, and two head
rest pads. Two beads of light are focused on 
and reflected from the corneas and photographed 
through lenses onto moving film. 

A movement of the eyes backward from right to 
left along the line of type being read; an error 
in silent or oral reading in which the reader 
retraces or goes back over what he has been 
reading (distinguish from Return Sweep). 

The movement of the eyes from the end of one 
line of print or writing to the beginning of 
the next line. 

Sudden movement of the eyes from one fixation 
point to another, as in reading. 

The number of words, figures, or other items 
that can be interpreted in a single fixation. 

A word employed by ophthalmologists as a general 
term covering movements in convergence diver
gence, and sursumvergence of the eyes, particu
larly so far as they may be forced by prisms in 
front of the eyes. 

Eye Diseases and Disorders 

The source of the following definitions is Merle E. Frampton 

and Elena D. Gall, Resources for Special Education, Porter Sargent, 

Reading Eye 
Camera: 

Regression: 

Return Sweep: 

Saccadic: 

Span of Re
cognition: 

Vergence: 

Boston, 1956. 
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Albino: 

Abiotrophy; 

Buphthalmus; 

Central dis
tant visual 
acuity: 

Coloboma: 

Congenital 
Cataracts: 

Crystalline 
Lens: 

Dislocated 
Lens: 

Macula: 

Nystagmus: 

Retinal 
abiotrophy: 

Person presenting abnormal whiteness of skin, 
hair, and eyes. 

Degeneration or decay due to defective vital 
endurance. 

Large eyeball (infantile glaucoma). 

Ability of the eye to perceive shape or form in 
direct line of vision at a distance of twenty 
feet. 

Congenital cleft due to failure of the eye to 
complete growth in the part affected. 

Opacity of the crystalline lens existing at or 
before birth. 

Transparent, colorless body suspended in the 
anterior portion of the eyeball between the 
aqueous and vitreous chambers, whose function 
is to bring the ray of light to a focus on the 
retina. 

Misplaced crystalline lens due to malfunction
ing of the suspensory muscles. 

Small area of the retina which surrounds the 
fovea; with the fovea it is the area of dis
tinct vision. 

Involuntary movement of the eyes. 

Progressive atrophy of the retina. 

Summary 

Children with visual handicaps who are capable of reading large 

type materials have been shown to be slow, below level readers. Nystag-

matic children with their visual anomaly are a part of this visually 

handicapped group. 

Eye movement studies have contributed to our knowledge of the 

visual behavior of children with normal vision,. The fundamental 
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reading skills of fixations, regressions, span of recognition, duration 

of fixation and return sweep are established as basic. The study of 

these skills in the nystagmatic child is essential if we are to assist 

him in optimum use of his vision. 



CHAPTER II 

REVIEW OF THE LITERATURE 

This chapter provides a review of the literature and is divided 

into five parts. The first part presents the early studies of eye 

movements. Part two describes the work and influence of Buswell and 

Tinker, pioneers in the field. Part three presents the studies related 

to reliability and validity of photographing eye movements. Part four 

reviews the recent photographic studies. The final part summarizes the 

two studies found on the psychological factors of visual perception and 

visual training. 

Early Studies of Eye Movements 

There has been increasing interest in the study of the move

ments of the eye since the third quarter of the last century (Tinker, 

1928). The complexity of devising a satisfactory method of recording 

has impeded the progress of researchers in this field. All methods 

which involve mechanical attachments to the eyes call for careful tech

niques to prevent harm to the eyes and to insure accurate measurements. 

Frandsen (1934) reported an extensive study of eye movements 

using the mirror method made by Erdman and Dodge in 1898. The mirror 

was placed in front of and a little to the right of the reader so that 

the experimenter could place himself behind the reader to observe the 

movements of the eyes during reading. The investigators counted the 

12 
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number of moves in reading native and a foreign language and in reading 

proof, noting how near the ends of the line the first and last fixations 

were made. To determine the approximate location of the fixations 

along the line of print, an after-image method was employed. The ob

server looked at the apex of a small wedge-shaped piece of brightly 

illuminated red paper until the observer's retina was well fatigued. 

This fatiguing produced a sharply defined negative after-image. A 

single fatiguing of the retina gave noticeable after-image during the 

reading of about ten lines. 

In 1911 Marx and Trendelenburg attached a thick aluminum plate 

to the cornea of a cocainized eye. A round hole in the plate admitted 

light to the eye. By means of a tiny mirror glued to the aluminum, and 

by means of a convex lens, the image of a line of light which was di

rected at the subject's eye was thrown on a registering cylinder which 

carried photographic paper. Head movements were obtained by another 

beam of light reflected from a curved piece of metal fastened to the 

ridge of the nose. 

Struychen (1918) employed a somewhat similar method to register 

nystagmic eye movements. A minute polished ball which was mounted on 

three feet was attached to the cornea by tiny hooks. A line of light 

was directed at the subject's eye. The image of this light, which was 

reflected from the polished head, was directed into a camera where sta

tionary or moving film could be used. By placing a total reflection 

prism in front of the camera lens, one could obtain simultaneous rec

ords of eye movements in both the vertical and the horizontal direction. 
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Influence of Buswell and Tinker 

Buswell in 1922 demonstrated that eye movements are very funda

mental elements of reading. Eye movements are not subject to conscious 

control and are, therefore, entirely objective in character, yielding 

an accurate, reliable measure of reading ability. 

Buswell1s work reveals how studies of eye movements: 

1. furnish a symptom of the nature of the reader's thought 
processes. For example, a period of confusion in the 
recognition of meaning is accompanied by a corresponding 
disruption of eye movements; 

2. illustrate the introduction of strange or difficult words 
produces a marked effect upon the character of the eye 
movements; 

3. demonstrate that increasing the difficulty of a selection 
tends to increase the number and duration of eye fixations; 

4. show the character of eye habits is radically affected by 
reading varied types of material. The eye behaves differ
ently when the material read is simple than it does when 
the material is taken from a mathematics book (p. 9). 

Buswell indicates some of the changes discovered through a 

study of eye movements as follows: 

1. The reader develops a broad recognition unit, as measured 
by the average scope of eye fixations. 

2. The reader develops habits of quick recognition, regardless 
of the size of the unit, as measured by the duration of 
fixation pauses. 

3. The reader develops precision of recognition and regular
ity of progress across printed lines, as measured inversely 
by regressive, or backward, eye movements. 

4. The reader develops habits of expression of recognition in 
terms of thought units, as measured, for the oral process, 
by timing the rhythm of pronunciation. 

5. The reader develops independence in word recognition (p. 10). 
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Buswell believes that reading maturity is achieved by develop

ing thought units rather than word units. Two relevant generalizations 

regarding eye movements are that: 

1. The width of the span of recognition increases as the read
ing habits become more proficient. 

2. A proficient reader's eye progresses across the line with 
a rhythmic swing, making the same number of fixations per 
line with a few or no regressions. By contrast, the poor 
reader moves forward a few fixations, then regresses to 
fixate upon some word that was not clearly recognized, 
forward again and soon back in the reverse direction (p. 
25). 

In 1920 Buswell conducted research on the eye-voice span in 

reading. Buswell summarizes the relation of the eye-voice span to 

other factors of reading as follows: 

1. There is a positive correlation between a wide eye-voice 
span and mature reading. The average span for good read
ing is greater than that of poor readers in every school 
grade. 

2. The development of the eye-voice span through the school 
period does not show a consistent increase from grade to 
grade, but is very irregular. The average span for the 
high school is greater than that for the elementary 
school. The average span of the adult subjects is 
greater than that of those from the high school. But 
some good readers from the elementary school have a 
greater span than some of the high school subjects. 

3. The width of the eye-voice span shows little correlation 
with position in the line, except that the span at the 
end of the line is slightly narrower. A high correlation 
is shown between eye-voice span and position in the sen
tence. The average width of the span at the beginning of 
a sentence is greater than at the end of the sentence by 
46 per cent, while the average within the sentence is 
greater than that at the end by 23 per cent. 

4. A comparison of reading rate with eye-voice span shows 
that rate of reading and width of eye-voice span increases 



16 

together. There is a high positive correlation between 
these two factors of reading. 

5. A negative correlation exists between the eye-voice span 
and the number of fixations per line. As the span in
creases in width, the number of fixations per line de
creases . 

6. Little correlation is evident between eye-voice span and 
the number of regressive movements per line. However, if 
the regressive movements are analyzed into their various 
types, a positive correlation is shown between eye-voice 
span increases, the percentage of regressive movements 
caused by this habit of attempting a long forward move
ment increases. This type of regressive movement must 
be considered as a characteristic of mature reading (pp. 
62-63). 

Buswell in 1926 made a study of eye movements during the addi

tion of digits in columns whose length and difficulty varied. The add

ing of children was found to be characterized by: 

1. regression at both the beginning and in the body of the 
columns; 

2. wide variation in the duration of fixations; 

3. a tendency to group digits with some children who have mature 
adding habits; 

4. irregularity of eye movements up and down the columns which 
often becomes random and complex and was related to poor 
arithmetical ability; 

5. high rank in arithmetic was related to fewer fixations per 
column; 

6. difficult spots brought longer fixations or a greater num
ber of fixations which were random in character indicating 
a confused mental state (p. 37). 

The duration of fixation in this study of Buswell's was found 

to be much greater than in ordinary reading. 
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Miles A. Tinker began his intensive research of eye movements 

in 1928 with a study of eye movements while reading formulae. He sum

marized his study as follows: 

The nature of eye movements in different kinds of material 
was examined. The amount of line length covered by the eye 
fixations in reading chemistry was two per cent more than that 
in prose. Five per cent more of the line was covered by the 
eye fixations in reading algebra than prose and 15 per cent 
more in reading formulae (where 99 per cent of the line was 
covered). The lengths of eye movements made in reading the 
chemistry and algebra selections were found to be somewhat 
shorter than in reading prose, and those in reading isolated 
formulae were considerably shorter. Length of eye movement 
was shortened by compact and difficult material. The average 
length of eye movements in reading scientific prose corresponded 
approximately to the visual angle subtended by the rod-free 
area of the retina and the length of eye movements in reading 
approximated the diameter of the fovea centralis. This indi
cates that peripheral vision is employed less in reading formu
lae than in reading scientific prose. Most subjects showed a 
small positive correlation between the length of eye movements 
and duration of fixation pauses. In several cases this corre
lation was large enough to be statistically significant. 

The experiment as a whole has shown that the reading of 
formulae is quite different from the reading of prose both in 
motor phases and in the mental processes involved. Because 
the reading of formulae is so different in nature from the 
reading with which the child ordinarily comes in contact dur
ing his early school years it is probable that a certain 
amount of reading instruction in this type of material would 
bring greater efficiency of performance for elementary stu
dents (pp. 175-176). 

Tinker (1946) summarized the differences in eye movements in 

reading various materials. The reading of numbers or arithmetical 

symbols necessitates more fixations per line and fixations of longer 

duration than does the reading of prose. When a difficult and unusual 

word or passage is encountered, the complexity of eye movement or dura

tion of pauses, or both, increase. The number of fixations, the dura

tion of fixation pauses and the number of regressive movements 
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increased with the difficulty and unfamiliarity of the material read. 

Fiction is the easiest kind of material to read. Reading a foreign 

language makes a greater demand on the eye than reading one's own 

language. For individuals reading their native language, the reading 

of Chinese involves eye movements of small angles and a decidedly 

greater number of pauses per line and briefer ones than the reading of 

English. Detached words and lists of proper names are read with more 

fixations than words in sentences. Proof-reading requires about three 

times as many pauses as regular reading. The duration of fixation as 

well as the number of fixations per line is increased in proof-reading. 

Special types of reading make a greater demand on the visual mechanism 

than ordinary reading material, such as fiction or straight narrative 

and manifest a slower reading rate. Two factors seem to be involved 

in this slowing-up process: (1) an analytical method or procedure 

which comes from the attention being directed to smaller perceptual 

units as in reading numbers, (2) a retardation of the assimilation 

rate which occurs when the meaning is grasped with varying degrees of 

difficulty, as in reading a foreign language. 

Blea (1967) interpreted Tinker's postulations as follows: 

Tinker felt that oculomotor habits indicated to some de
gree the nature of perceptual processes during reading. He 
further believed that clear and rapid comprehension of prose 
in reading is accompanied by relatively few and short fixa
tion pauses in rhythmical sequences. The complexity of eye 
movement patterns on a photograph would indicate difficulty 
in comprehension, confusion of mental processes during read
ing and slowing up of apprehension by the variation, number 
and durations of fixations. He thought reading deficiencies, 
immature reading habits, and improvements in reading effi
ciency were characteristics readily detected by measuring 
the reader's eye movements (p. 27). 



Reliability and Validity Studies 

The early eye movement studies evoked an interest in this 

field by psychologists. They were interested in not only the psycho

logical aspects, but also in the reliability and validity of the 

studies. 

Freeman (1920) attributed certain cases of reading disability, 

characterized by irregular and wandering eye movements, to extensive 

phonetic drill. This drill forced the pupil to read words from the 

sounds of individual letters and letter groups. The pupils did this 

without any attempt at synthesis into meaningful units. Gray (1921) 

described a similar photographic record (wandering, irregular eye 

movements) and believed them to derive from a tendency to read in 

small units, without proper attention to meaning. 

Vernon (1930) using nine adults as subjects attempted to gauge 

the efficiency of ocular muscles in the execution of steady fixations 

and lateral movements, and to relate this efficiency to the reading 

process. The procedure required each subject to fixate steadily for 

periods of twenty seconds each, on a series of points on a screen. 

The points were placed in a horizontal straight line to make angles of 

0°, 5°, 10° and 20°, right and left, within the direct line of vision. 

A second part of the experiment called for voluntary eye movements 

from left to right, and vice versa, for different given angles. The 

third part secured photographic records of reading. Vernon concluded 

from her data that individual types of motor processes in reading are 

originally based upon underlying motor ability, and that although 
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training and methods of learning to read play a large part in the for

mation of efficient habits of reading, the individual movements which 

make up the habit vary according to the ability of the eye muscles. 

She further stated that the use of frequent short pauses or less fre

quent long pauses, and the tendency to overrun the word and then re

gress to it, are permanent ocular-motor habits, unconnected with 

perception and assimilation of the reading content. 
i 

In 1936, Imus, Rothney, and Bear investigated the relation

ships between a very complete analysis of ocular conditions and a : 

large number of psychological and educational factors. Their subjects 

were the 636 freshmen in the Class of 1940 of Dartmouth College. They 

first investigated the exterior and interior of the eyes for diseased 

conditions and for other anomalies which might require immediate at

tention. At the same time, the Ophthalm-O-Graph was used to photo

graph the movements of the eyes which occur during reading. The 

Ophthalm-O-Graph is a binocular camera that has a moving film on which 

is recorded, by means of light reflected from the corneas of the eyes, 

the coordinated movements of the eyes which occur during the act of 

reading. From the film records, it is possible to obtain, by counting 

the number of fixations or pauses in reading a line of print, the num

ber of regressions or backward glances. Since the film is moved by 

means of a constant speed motor, it also is possible to determine the 

rate of reading which usually is reported in terms of words per minute. 

The subject is first required to read a practice card of the same size 

and approximately the same length as the test card. He next is 
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required to read the test card, which contains exactly 50 words and to 

answer a comprehension test composed of ten true-false questions. The 

psychological data was collected by the Department of Psychology, the 

Department of English and the Reference Librarian. They administered 

the Psychological Examination of the American Council on Education, the 

Iowa Test of Silent Reading (Advanced Form B), and the Test of Library 

Knowledge, respectively. They found the records obtained from the 

Ophthalm-O-Graph were so unreliable that individual diagnosis of dif

ficulty in reading could not be made on the basis of scores derived 

from them. The reliabilities, however, did appear high enough for the 

differentiation of groups. 

Anderson (1937) segregated 50 good and 50 poor readers on the 

basis of scores made on the Iowa Silent Reading Test and the Univer

sity of Iowa Qualifying Examination. His plan was to compare the ef

fect of change in difficulty of reading material on the eye movements 

of good and poor readers, and to evaluate the clinical utility of 

measures of eye movements. Eye movement records were obtained with 

the Iowa Eye Movement Camera. In their adjustment to increased diffi

culty of reading material, good and poor readers tended to modify eye 

movement behavior in a similar way. Movements of the head occurred 

very frequently in the silent reading of inferior readers. The aver

age number of regressions per line increased for both groups with in

crease in the difficulty of materials. Poor readers, because they 

were so engrossed in problems of an elemental nature, tended to read 

all materials in about the same way. Anderson used as his measures: 



(1) mean of duration of fixation, (2) standard deviation of the dura

tion of fixation, (3) mode of the duration of fixation, (4) mean size 

of fixation, (5) mean extent of the forward shift, (6) mean regression 

per line, and (7) rate of reading. All seven measures, except mean 

size of fixation, clearly differentiated between good and poor readers. 

Anderson further concluded that one of the determinants of the regu

larity of eye movements was the difficulty of reading material to which 

the readers must adjust. When reading for the purpose of remembering 

all details and points of information, both groups made their most ir

regular eye movements. An essential difference, however, between good 

and poor readers was the better ability of good readers to adapt their 

reading to different purposes. 

Gilbert (1953) attempted to determine the nature of growth in 

simple ocularmotor control and to study its relationship to chronologi

cal age, to intelligence and to reading achievement. His subjects 

were pupils from the first to the ninth grade in their second semester 

of each grade. Eye movements were recorded by means of photographic 

apparatus in use in the educational psychology laboratories at the 

University of California at Berkeley. The technique consisted of 

photographing a beam of light generated by an electric light bulb and 

reflected to the cornea of the eye by silvered mirrors. A rotating 

fan, cutting the light at the rate of thirty times a second caused the 

photographic eye line to appear as a series of dots that constituted a 

time record. The subject, seated before the camera in an adjustable 

chair, was held securely by a padded metal band which half encircled 



the head, and by an adjustable chinrest. The rays of light from the 

bead and from the cornea of the eye were reflected through the lenses 

and focused on the moving film. 

Gilbert corroborated the findings of Anderson that poor readers 

may show concentrations of fixations and regressions which suggest cen

tral blocking or confusion at points of difficulty in the reading 

material. Photographic records also showed numerous fixations that 

characterized the narrow recognition span. An occasional phenomenon 

in the records of poor readers was the accumulation of fixations and 

regressions which were so located as to indicate inferior motor control 

of the eyes in attaining desirable positions for the clear vision of 

given objectives. Gilbert believed fixations might overshoot their 

intended goal and thus necessitate corrective movements, or they might 

fall short of the goal. 

Gilbert postulated that accuracy of fixations were best dis

played in digit reading by the number of fixations and regressions, 

and, therefore, centered his major interest about these measures. He 

concluded that the prose-reading process is compounded of several ele

ments, including a complex intellectual factor and a motor factor. In 

contrast, the digit reading is largely motor in nature, and if it does 

not duplicate exactly the motor activity in verbal reading, it approxi

mates it closely. He found a positive and sustained similarity be

tween digit reading and prose reading at all grade levels with respect 

to frequency of fixations and frequency of regressions. The agreement 

between these measures of functional oculomotor efficiency appeared to 



increase from the second grade to the fifth grade. The correlation 

governing speed of recognition was positive; at some grade levels, it 

was marked; in others, only moderate. There was an irregular tendency 

toward decreases in the amount of association of fixations and regres

sions from grade to grade. 

The characteristics of eye movement behavior identified by 

Buswell and usually associated with good readers, led Gilbert to ask 

whether it would be legitimate to assume that intelligence correlates 

closely with good eye movement behavior in reading. He correlated 

Kuhlmann-Anderson Intelligence test scores with the various measures 

of eye movements. He consistently found negative correlations between 

high IQ and frequent fixations and regressions. The relationship be

tween fixation frequency in digit reading and intelligence appeared 

negligible, with the exceptions of grades two and five. The correla

tion coefficients were consistently low between intelligence and re

gression frequency. In fact, this correlation was considerably less 

than that found between intelligence and total fixation frequency. 

Recent Photographic Studies 

Recent eye movement studies have tended to support the earlier 

findings outlined previously in this chapter. Stanford Taylor (1959) 

in a cross-sectional study, reported the reading rates of 90 subjects 

from the fourth, seventh, and tenth grade levels. He compared the 

subjects with the Reading Eye, which was the instrument that evolved 

from the Ophthalm-O-Graph, and with the rate section of the appropri

ate level of the Survey Section of the Diagnostic Reading Tests. His 
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correlation coefficients between rate on eye movement photographs and 

the rate portion of the Diagnostic test were .83 at fourth and seventh 

grades, and .91 at the tenth grade level. A second study by Taylor of 

23 eighth grade pupils attempted to show that the elements measured in 

eye movement photography would be largely independent of the difficulty 

of the content. Significant differences between the fundamental skills 

were found when comparing these subjects' performances on fourth 

through high school-college material, on fourth through junior high 

school material, and on fourth through sixth grade material. 

Earl Taylor (1959) reported on two cases of nystagmus, a young 

man 21 years old, and an adolescent 17 year old male. Using the Read

ing Eye, he secured numerous photographs of the first subject's eyes. 

With visual training the subject's reading rate increased from approxi

mately 132 words per minute to 270 words per minute. The adolescent 

could not be photographed since he could not see the print well enough 

to read when the lights of the instrument were directed into his eyes. 

Using the Intermediate Battery of the Stanford Achievement Test as a 

measuring device, the adolescent's Battery median increased from 2.9 

to 4.1 after six weeks of visual training. 

Blea (1967) using the Reading Eye photographed 40 hearing and 

70 (40 public residential and 30 private residential) deaf subjects to 

investigate whether differences existed when comparing the three groups 

on the four fundamental reading skills: fixations, regressions, span 

of recognition, and duration of fixations. Blea summarizes his find

ings as follows: 
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From the data presented, the more mature fourth grade 
level students retain fixation behavior similar to children 
in general elementary school who are reading at the fourth 
grade level. For the fifth grade group a difference in fixa
tions was found, but they showed a small decrease in the num
ber of fixations from the fourth grade group. From this data 
it must be concluded that the reading skills are inadequate 
to meet the reading needs of fifth grade level material. The 
fifth grade level deaf private residential students' data 
indicated that they were perceiving whole words. The fifth 
grade hearing group did not show an appreciable decrease in 
the number of fixations from the fourth grade group. Among 
the fourth grade groups, there was no difference in number 
of fixations. However, between the fifth grades there were 
significant differences. 

The deaf subjects appear to contradict their poor reading 
skill when comparing their inefficient fixation skills with 
their apparent proficiency in having fewer regressions than 
hearing students. Both deaf fourth grade reading level groups 
showed fewer regressions than the hearing group. Also, both 
deaf fifth grade reading level groups showed fewer regressions 
than the hearing and also fewer regressions than the fourth 
grade deaf groups. The hearing groups, however, indicated 
minimal regressive tendencies from one grade to another. 

Analysis of the span of recognition variable indicated 
significance among the three groups only between the deaf 
private residential'fourth and fifth grades. 

No significance was obtained for duration of fixation for 
any grade or group (pp. 74-75). 

Psychological Factors 

Bateman, 1962, studied the performance of partially seeing 

children on the Illinois Test of Psycholinguistic Abilities and com

pared them to the performance of seeing children on the same test. 

She used 93 partially seeing children in grades one to three. Of 

interest to the current study she found that the partially seeing 

showed a clear and significant deficit in obtaining meaning from visual 

symbols. The partially seeing group was significantly below the 
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sighted group on the visual motor association subtest which measures 

the ability to discern relationships between visual stimuli. The par

tially seeing group's greatest deficit was found in the area of sequen

tial memory for visual symbols. 

Barraga (1964) used ten matched pairs of subjects to determine 

if the visual behavior of blind children having remaining vision could 

be improved significantly by a short period of specialized instruction 

with appropriate materials. She devised a Visual Discrimination Test 

to use as the instrument for measuring improvement. Post-treatment 

testing revealed that the mean gain of the experimental subjects was 

significantly greater than that of the control group. Appreciable 

changes in near point acuity did not occur in the treatment group, 

although a few of these subjects made substantial gains in word recog

nition and reading achievement. 

Summary 

The purpose of this chapter was to provide a review of the 

literature relating to research involving the study of eye movements 

and reading. The first part presented the early studies of eye move

ments. Part two described the work and influence of Buswell and 

Tinker, pioneers in the field. Part three presented the studies re

lated to reliability and validity of photographing eye movements. Part 

four reviewed the recent photographic studies. Part five summarized 

the two studies found on the psychological factors of visual percep

tion and visual training. 



CHAPTER III 

PROCEDURE 

This chapter presents the design of the study as it relates to: 

the subjects, the instruments, the method, and the comparisons. 

Subjects 

Seventeen of the available subjects met the criteria for parti

cipation in this study. They were divided into two groups. The study 

group included ten nystagmatic children, two of whom were Indian. The 

contrast group included seven children with other ocular anomalies, 

five of whom were Indian. 

The subjects used in this study were currently enrolled in the 

Department for the Visually Handicapped at the Arizona State School for 

the Deaf and the Blind. 

Subjects included in this investigation met the following cri

teria: 

1. Had central distant visual acuity in the better eye after maxi

mum correction of not more than 20/100 nor less than 20/400. 

2. Had been diagnosed by an ophthalmologist as having nystagmus 

for inclusion in the study group, and as not having nystagmus 

for inclusion in the contrast group. 

3. Had the visual ability to read material printed in 18 point 

type (18/72 of an inch). 

28 



4. Had reached their ninth birthday, but had not reached their 

thirteenth birthday. 

Instruments 

Psychological Factors 

The subjects included in this investigation had central distant 

visual acuity sufficient to be administered the visual closure subtest 

of the Illinois Test of Psycholinguistic Abilities and the Visual Effi

ciency Scale. 

The visual closure subtest of the Illinois Test of Psycholin

guistic Abilities consists of five visual closure picture strips (dogs, 

fish, bottles, shoes, and hammer and saw). The subject is shown the 

demonstration strip (dogs) and is encouraged and assisted by the ex

aminer to find all the dogs in the picture. The subject is then shown 

the sample picture on each of the strips and instructed to see how 

quickly he can find all of the corresponding items in the entire pic

ture (Kirk, McCarthy, and Kirk, 1968). The examiner marks all items 

located in 30 seconds. Since this test is a timed measure, the speed 

of perception can be calculated by the number of items located by the 

subject in 30 seconds. Many of the items are partially hidden, there

fore requiring visual closure to perceive them. 

The Visual Efficiency Scale consists of 48 items (Barraga, 1970). 

The subject matches the sample item with the exact test item along a 

horizontal line. The items increase in difficulty from geometric forms 

. to groups of symbols representing words. The subject may mark the test as 
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he examines the items or he may point to his choice and the examiner 

record his selection on the answer sheet. This scale is divided into 

four sections based on visual skills and the behaviors related to them. 

Section III containing visual closure, spatial perspective and discrimi

nation of object and abstract figure details was analyzed for the pur

pose of this study. 

Physiological Factors 

The Reading Eye camera is a portable machine equipped with an 

adjustable chinrest, movable headsteadiers and two headrest pads. Two 

beads of light are focused on and are reflected from the corneas of a 

subject's eyes and photographed through lenses onto moving film. The 

test selection is placed in a holder 15 inches from the subject's eyes. 

The beads of light are aligned on the corneas by manipulating the tele

scoping lenses of the light being deflected upward to a reflex aperture 

prior to eye movements being recorded on the film. As the eyes stop 

and with the film continuously moving, each eye stop is recorded as a 

vertical line. Regressions are recorded as a reverse, or right-to-left 

fixation. Interfixational movements (moving from one eye stop to an

other), and return sweeps (when the eyes return to a new line of print) 

are also indicated on the film. Film used was Plus-X 35 mm. 

Method 

Prior to investigation by the instruments, each subject was ob

served by the investigator. The subject read a selection from his 

basic reader which he had previously read. The investigator observed 



and made notations as to the subject's head movements while reading at 

the subject's chosen distance. The reading distance was measured and 

recorded. The subject then was asked to read while the investigator 

attempted to hold the subject's head in a stationary position. To de

termine if the subject would be able to read the photographic test cards 

at 15 inches, his basic reader was placed at a right angle to the table 

15 inches from his eyes. The subject read with his book in this posi

tion. Finally, the subject read while the investigator observed the 

subject's eye movements using a mirror. The mirror was placed slightly 

to the right of the subject as the investigator stood behind him (see 

Appendix A). 

Bach subject was administered the visual closure subtest of the 

Illinois Test of Psycholinguistic Abilities. The standard time of 30 

seconds was allowed the subject for each picture strip. The total num

ber of items located on the four test strips was recorded. 

The Visual Efficiency Scale was administered to each subject. 

The subject pointed to his choice on the match items and the examiner 

recorded the subject's selections on the answer sheet. This is not a 

timed measure and the subject was permitted to take as much time as he 

needed. The entire measure was administered although Section III was 

analyzed for this study. 

A picture of the Reading Eye camera was shown to the subject 

during the investigator's observation time with him. Its purpose and 

function were explained. 
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The photographer for this study had had three year's experi

ence with the Reading Eye camera. He was the Reading Consultant for 

Cartwright School District, Phoenix, Arizona. The photographing pro

cess took two days and was done at the Arizona State School for the 

Deaf and the Blind. The same photographer was used both days and this 

photographer analyzed the film after development. The expertise of an 

experienced photographer was deemed necessary in light of the subject's 

visual anomalies. 

The subjects were brought into the testing room in groups of 

five. The purpose of this procedure was to facilitate instructions 

and dispel fear of the camera that some subjects might display. The 

Reading Eye camera was adjusted to the subject's individual height, 

then he was asked to place his chin on the chinrest, his forehead 

against two headrest pads, and the two head steadiers were positioned 

against the temporal region of the head. 

After the subject was in a comfortable position the photographer 

focused the two beads of light toward the subject's eyes. The focusing 

was accomplished while the subject's eyes converged on an X, centered 

on a target card. 

You are going to have an eye movement photograph taken. 

1. Listen carefully to all instructions. 
2. Read carefully so that you can answer questions. 
3. Be sure to sit still and try not to move your head. 

X 



After this introductory step the subject was shown the reading 

selections. The reading selections had been typed in 18 point print 

(18/72 of an inch). This is the size type the subject reads in his 

academic texts. The subject was asked to read a paragraph, followed 

by a list of spelling words and finally, five columns of simple fig

ures. Each of these selections was typed on separate cards and placed 

in the holding slot prior to focusing. The cards used were 3x5 inches 

as opposed to the 3>s x 5 inch cards that are standard with the Reading 

Eye camera materials. 

The beads of light that were focused on the camera pass through 

telescoping lenses to a mirror from which they were deflected upwards 

to the reflex aperture for alignment and focusing. When photographing 

they were deflected downward to be recorded on film. To record, the 

reflex aperture door was closed, the recording lights automatically 

dimmed and the film moved at a continuous rate from the film supply 

spool by the recording aperture and into the take-up magazine. When 

the student had completed his reading selections, a short amount of 

film was allowed to pass to ensure identification. 

The paragraphs used were from the standard test file that is 

normally used with the Reading Eye camera. The spelling list came from 

the subject's basic speller and were words given in the fall semester. 

The columns of figures were limited to one and two digit numbers not 

exceeding 29. The vocabulary used in the paragraphs was taken from a 

study of basal reader vocabularies but with the modifying control of a 

Basic Vocabulary of 6,310 words, compiled from a study of 150 word lists, 
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frequency counts, and studies conducted by Educational Development 

Laboratory's staff (Taylor, 1960). 

The initial attempt at photographing produced approximately 50 

per cent success. The film for the other subjects was completely 

blank. When this occurs it indicates the subject has moved his head 

and the eyes are no longer in focus or the beads of light are not reach

ing the corneas. The second attempt with the 17 subjects five days 

later yielded success. The subjects' familiarity with the procedure 

and the instrument could have been a contributing factor to the suc

cess of the second attempt. 

Comparisons 

The data for the contrast group and the study group was com

pared using means. Means were calculated for the scores on the visual 

closure subtest of the Illinois Test of Psycholinguistic Abilities and 

Section III of the Visual Efficiency Scale. Means were secured for the 

number of fixations and regressions as well as for the duration of fix

ations and the span of recognition. The data collected on each subject 

was incorporated into individual case descriptions. The data included 

that from the observation period, the psychological factors and the 

physiological factors. 

Summary 

Seventeen subjects met the criteria for inclusion in this study. 

Ten nystagmatic children and seven children with other ocular anomalies 

participated in the investigation. 
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Central visual acuity in the better eye after maximum correc

tion of not more than 20/100 nor less than 20/400 was the selection 

guide for one criteria. The diagnosis by an ophthalmologist of nystag

mus or the absence of nystagmus constituted a second criteria. All 

subjects had to demonstrate a visual ability to read 18 point print 

(18/72 of an inch). The final criteria was chronological age of not 

less than 9-0 years and not more than 12-11 years. 

Each subject was observed by the investigator and notations 

made on head movements and eye movements while reading. The visual 

closure subtest of the Illinois Test of Psycholinguistic Abilities and 

the Visual Efficiency Scale were administered to each subject. 

An experienced photographer explained the procedure for photo

graphing eyes to the subjects in groups of five. The rationale for 

this was an attempt to dispel any anxieties of the instrument and to 

set up rapport between the photographer and the subjects before the 

testing began. Specific instructions were given to each subject while 

focusing the beams of light on his corneas. On completion of instruc

tions and focusing three selection cards were presented to the subject 

and an eye movement photograph was made using the Reading Eye camera. 

The contrast group and the study group were compared on the 

basis of their mean scores on the psychological and physiological fac

tors. The data collected on each subject was incorporated into indi

vidual case descriptions. 



CHAPTER IV 

PRESENTATION OF THE DATA 

In this chapter the data collected on each of the seventeen 

subjects will be presented in individual case descriptions. A compari

son of the data for the contrast group and the study group will be 

followed by the data as it relates to the questions examined. 

The study herein reported was concerned with the ocular be

havior of nystagmatic children. Children with nystagmus were not com

pared with children having normal vision, but with those having other 

visual anomalies. It will, however, facilitate the understanding of 

the data if a comparison of the basic reading skills, as found in 

photographing children with normal vision, is presented. 

Taylor, Frackenpohl, and Pettee (1960) photographed 12,143 sub

jects in grades one through college. Table 1 is a resume of their 

findings (Taylor, Frackenpohl, and Pettee, p. 12). 

The present study was descriptive. The information gathered 

on each subject is presented in individual case descriptions to show 

the varied visual behavior of the 17 subjects while reading orally. 

Contrast Group 

The subjects in this group were those who had been examined by 

an ophthalmologist and were found to be free of nystagmus. 
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TABLE I 

AVERAGES FOR MEASURABLE COMPONENTS 
OF THE FUNDAMENTAL READING SKILL 

Grade 
1 2 3 4 5 6 7 8 9 10 11 12 College 

Fixations (including regressions) 
per 100 words 224 174 155 139 129 120 114 109 105 101 96 94 90 

Regressions per 100 words 52 40 35 31 28 25 23 21 20 19 18 17 15 

Average Space of Recognition (in words) .45 .57 .65 .72 .78 .83 .88 .92 .95 .99 1.04 1.06 1.11 

Average Duration of Fixation (in seconds) .33 .30 .28 .27 .27 .27 .27 .27 .27 .26 .26 .25 .24 

Rate with Comprehension (in words 
per minute) 80 115 138 158 173 185 195 204 214 224 237 250 280 

Source: Taylor et al., 1960 

u> 
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Subject #1 

Subject #1 was an eleven year, four month old male in the fifth 

grade. He had been diagnosed as an albino with amblyopia. His cen

tral distant visual acuity was R.E.—C.F. at 3 feet, L.E.--20/200. 

This subject held the book eight inches from his eyes. He 

moved his head across the page as he read. When the investigator at

tempted to hold the reader's head in a stationary position the reader 

was able to read without forcing head movement. A mirror observation 

revealed eye movements that appeared smooth in a horizontal direction. 

The subject read fluently with speed and expression (see Appendix A.l). 

The subject found 15 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. He had 100 per cent of Section III of the 

Visual Efficiency Scale correct. 

The photograph of the subject's eye movements showed 80 fixa

tions, 25 regressions, an average span of recognition of .81 and an 

average duration of fixation of .25. His return sweeps were in a 

straight vertical direction with very little overlap (see Appendix 

D.l.A). 

Subject #2 

Subject #2 was a nine year, four month old male in the third 

grade. He had been diagnosed as having macular degeneration in both 

eyes with some limitation in the field of vision in the right eye. 

His central distant visual acuity was R.E.—20/100, L.E.—M.H. (no 

distance was given). 
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The subject held the book nine inches from his eyes. He moved 

his head across the page as he read. When the investigator attempted 

to hold the reader's head in a stationary position the reader was able 

to read without forcing head movement. A mirror observation revealed 

no extraneous eye movements. He read with difficulty in word recogni

tion and without expression (see Appendix A.l). 

The subject found 25 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Nine of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 106 fixa

tions, 59 regressions, an average span of recognition of .37 and an 

average duration of fixation of .38. The eyes had difficulty with con

vergence as noted by the overlapping of eye movements. The return 

sweeps were irregular in a vertical direction with definite overlaps 

(see Appendix D.l.B). 

Subject #3 

Subject #3 was a nine year, one month old male in the third 

grade. He had been diagnosed as having buphthalmus in both eyes. His 

central distant visual acuity was R.E.—L.P., L.E.—20/200. 

This subject held the book four inches from his eyes. He 

demonstrated continuous head movements in a vertical direction as well 

as moving his head across the page as he read. When the investigator 

attempted to hold the reader's head stationary the reader forced head 

movements in order to read. A mirror observation revealed no 
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extraneous eye movements. He read with difficulty and with poor ex

pression (see Appendix A.l). 

The subject found 13 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Seven of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 129 fixa

tions, 60 regressions, an average span of recognition of .037 and an 

average duration of fixation of 3.18. The subject read with his left 

eye only. The return sweeps were in the form of loops denoting a high 

degree of overlap (see Appendix D.l.C). 

Subject #4 

Subject #4 was a twelve year, nine month old female in the 

fifth grade. She had been diagnosed as having retinal abiotrophy in 

both eyes. Her central distant visual acuity was R.E.—20/200, L.E.— 

20/200. 

This subject held the book 18 inches from her eyes. The sub

ject demonstrated no head movement when reading free of restraint or 

when the investigator attempted to hold the subject's head stationary. 

The subject used her finger to follow the line she was reading. A 

mirror observation revealed no extraneous eye movements. Her reading 

was not smooth and lacked expression (see Appendix A.l). 

The subject found 7 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 
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Psycholinguistic Abilities. Nine of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 121 fixa

tions, 37 regressions, an average span of recognition of .58 and an 

average duration of fixation of .33. She read with one eye.or the 

second eye was out of focus. The return sweeps were irregular in a 

vertical direction and displayed definite overlaps (see Appendix D.l.D). 

Subject #5 

Subject #5 was a twelve year, nine month old male in the sixth 

grade. He had been diagnosed as having severe abiotraphy in both 

eyes. His central distant visual acuity was R.E.—20/400, L.E.—20/400. 

This subject held the book eight inches from his eyes. He 

moved his head across the page in an orderly manner. When the investi

gator attempted to hold the reader's head in a stationary position the 

reader continued to move the head while reading. A mirror observation 

revealed no extraneous eye movements. He read fluently with speed and 

expression (see Appendix A.l). 

The subject found 32 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Nine of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 91 fixa

tions, 31 regressions, an average span of recognition of .92 and an 

average duration of fixation of .27. The subject read with both eyes 



and demonstrated good convergence. The return sweeps were in the shape 

of elongated "u's" but the overlaps were not definite (see Appendix 

D.l.E). 

Subject #6 

Subject #6 was an eleven year, eleven month old male in the 

sixth grade. He had been diagnosed as having dislocated lens in both 

eyes. His central distant visual acuity was R.E.—10/300, L.E.— 

20/300. 

This subject held the book eight inches from his eyes. He 

moved his head across the page as he read. When the investigator at

tempted to hold the reader's head the reader was able to read without 

movement. A mirror observation revealed no extraneous eye movements. 

He read with fluency and good expression (see Appendix A.l). 

The subject found 33 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Eight of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 93 fixa

tions, 31 regressions, an average span of recognition of .90 and an 

average duration of fixation of .34. He read predominantly with his 

left eye. The return sweeps were irregular in a vertical direction 

and there were definite overlaps (see Appendix D.l.F). 
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Subject #7 

Subject #7 was a twelve year, eleven month old male in the 

seventh grade. He had been diagnosed as having congenital cataracts 

in both eyes. His central distant visual acuity was R.E.—20/300, 

L.E.—20/200. 

This subject held the book 10 inches from his eyes. He moved 

his head across the page as he read. When the investigator attempted 

to hold the reader's head the reader was able to read without movement. 

A mirror observation revealed some continuous eye movement in a verti

cal direction. He read with fluency and good expression (see Appendix 

A. 1). 

The subject found 12 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Seven of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 83 fixa

tions, 36 regressions, an average span of recognition of .52 and an 

average duration of fixation of .30. His eyes wandered out of focus 

on four different occasions while photographing. The eyes did not 

converge but went in different directions. The return sweeps were in 

the shape of loops denoting overlaps (see Appendix D.l.G). 

Study Group 

The subjects in this group were those examined by an ophthal

mologist and found to have nystagmus. 
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Subject #1 

Subject #1 was a nine year, one month old male in the third 

grade. He had been diagnosed as an albino with nystagmus in both 

eyes. His central distant visual acuity was R.E.—20/200, L.E.— 

20/200. 

This subject held the book 14 inches from his eyes. He moved 

his head across the page as he read. When the investigator attempted 

to hold the reader's head in a stationary position the reader con

tinued to move it while reading. A mirror observation revealed the 

eyes continually moved in a horizontal direction. There was no circu

lar movement. His reading was smooth, but with little expression (see 

Appendix A.2). 

The subject found 27 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Ten of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 99 fixa

tions, 40 regressions, an average span of recognition of .049 and an 

average duration of fixation of .37. He read with one eye only or the 

second eye wandered out of focus. The return sweeps were "u" shaped 

with a definite overlap (see Appendix D.2.A). 

Subject #2 

Subject #2 was an eleven year, one month old male in the third 

grade. He had been diagnosed as an albino with nystagmus in both 

eyes. His central distant visual acuity was R.E.—20/200, L.E.—20/200. 
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This subject held the book five inches from his eyes. He 

moved his head across the page as he read. When the investigator at

tempted to hold the reader's head in a stationary position the reader 

moved the book across the table as he read. A mirror observation re

vealed an extreme squint with the eye lids moving continuously in a 

vertical direction. His reading was smooth with good expression (see 

Appendix A.2). 

The subject found 17 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Nine of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 90 fixa

tions, 43 regressions, an average span of recognition of .57 and an 

average duration of fixation of .30. His eyes wandered out of focus 

on three different occasions while the photograph was being taken. 

There was little pattern to the eye movements even though the two eyes 

did move in the same direction. The characteristics of the return 

sweeps could not be analyzed (see Appendix D.2.B). 

Subject #3 

Subject #3 was a nine year, seven month old female in the 

third grade. She had been diagnosed as having congenital cataracts 

and nystagmus in both eyes. Her central distant visual acuity was 

R.E.—20/200, L.E.—20/200. 

This subject held the book 19 inches from her eyes. She moved 

her head across the page as she read. When the investigator attempted 
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to hold the reader's head in a stationary position the reader was able 

to read without movement. A mirror observation revealed the eyes 

moved continuously in both a vertical and a horizontal direction, and 

there was some circular movement. She read smoothly and with good ex

pression (see Appendix A.2). 

The subject found 20 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. She had all 12 items on Section III of 

the Visual Efficiency Scale correct. 

The photograph of the subject's eye movements showed 112 fixa

tions, 39 regressions, an average span of recognition of .57 and an 

average duration of fixations of .33. She read predominantly with one 

eye. The return sweeps were regular in a vertical direction and with 

very little overlap (see Appendix D.2.C). 

Subject #4 

Subject #4 was a nine year, ten month old male in the third 

grade. He had been diagnosed as having nystagmus with a coloboma in 

both eyes. His central distant visual acuity was R.E.—20/400, L.E.— 

20/200. 

This subject held the book six inches from his eyes. He moved 

his head across the page as he read. When the investigator attempted 

to hold the reader's head stationary the reader continued to move it 

while reading. A mirror observation revealed continuous eye movements 

in a horizontal direction. He read with difficulty in word recogni

tion and with poor expression (see Appendix A.2). 
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The subject found 16 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Eight of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 104 fixa

tions, 46 regressions, and an average span of recognition of .45 and 

an average duration of fixation of .35. The eyes had good convergence 

moving in almost exact harmony. The return sweeps were "u" shaped 

with a degree of overlap (see Appendix D.2.D). 

Subject #5 

Subject #5 was an eleven year, six month old female in the 

fourth grade. She had been diagnosed as having nystagmus with abio

trophy in both eyes. Her central distant visual acuity was R.E.— 

20/200, L.E.—20/200. 

This subject held the book seven inches from her eyes. She 

moved her head across the page as she read. When the investigator at

tempted to hold the reader's head in a stationary position the reader 

continued to move it in order to read. A mirr-or observation revealed 

continuous eye movements in a horizontal direction. She had an ex

treme squint and her behavior indicated the eyes were overly sensitive 

to light. She read with difficulty in word recognition and had poor 

expression (see Appendix A.2). 

The subject found 17 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 



48 

Psycholinguistic Abilities. Ten of the twelve items on Section III of 

the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 74 fixa

tions, 67 regressions, an average span of recognition of .45 and an 

average duration of fixation of .40. The eyes did not converge and 

wandered out of focus on two occasions. The pattern was so erratic 

that the return sweeps could not be analyzed. The regressions were 

usually complete loops (see Appendix D.2.E). 

Subject #6 

Subject #6 was a ten year, seven month old female in the fifth 

grade. She had been diagnosed as an albino with nystagmus in both 

eyes. Her central distant visual acuity was R.E.—20/300, L.E.—20/300. 

This subject held the book nine inches from her eyes. She 

moved her head across the page as she read, also demonstrating a con

tinuous horizontal movement of the head. When the investigator at

tempted to hold the reader's head in a stationary position the reader 

was able to read without movement. A mirror observation showed con

tinuous horizontal movement of the eyes accompanied by periodic circu

lar movements (see Appendix A-2). 

The subject found 15 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Nine of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 108 fixa

tions, 28 regressions, an average span of recognition of .75 and an 
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average duration of fixation of .34. The eyes had good convergence but 

there was a definite overlap in the return sweep (see Appendix D.2.F). 

Subject #7 

Subject #7 was a twelve year, one month old male in the sixth 

grade. He had been diagnosed as having ocular nystagmus in both eyes. 

His central distant visual acuity was R.E.—20/200, L.E.—20/200. 

This subject held the book 12 inches from his eyes. His head 

moved across the page as he read. When the investigator attempted to 

hold the reader's head in a stationary position the reader was able to 

read without moving it. A mirror observation revealed the eyes moving 

continuously in a horizontal direction, and the movements were rhythmi

cal. His reading was slow, but smooth and with expression (see Appendix 

A.2). 

The subject found 29 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. He had all 12 items of Section III of 

the Visual Efficiency Scale correct. 

The photograph of the subject's eye movements showed 102 fixa

tions, 42 regressions, an average span of recognition of .48 and an 

average duration of fixation of .35. The convergence was good and he 

read with both eyes. The return sweeps were not regular in a vertical 

direction; however, they showed few overlaps (see Appendix D.2.G). 



Subject #8 

Subject #8 was a twelve year, six month old female in the sixth 

grade. She had been diagnosed as having congenital cataracts with 

nystagmus in both eyes. Her central distant visual acuity was R.E.— 

20/100, L.E.—20/300. 

This subject held the book 13 inches from her eyes. She moved 

her head across the page as she read. When the investigator attempted 

to hold the reader's head in a stationary position the reader was able 

to read without moving it. A mirror observation revealed the eyes 

moved with a rotating motion which was not rhythmical. She read with 

fluency and good expression (see Appendix A.2). 

The subject found 34 of the 59 possible items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Ten of the twelve items on Section III of 

the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements showed 112 fixa

tions, 45 regressions, an average span of recognition of .45 and an 

average duration of fixation of .34. She read with both eyes and they 

were working together. The return sweeps were irregular in a vertical 

direction with notable overlaps (see Appendix D.2.H). 

Subject #9 

Subject #9 was an eleven year, five month old female in the 

sixth grade. She had been diagnosed as having congenital cataracts 

with nystagmus in both eyes. Her central distant visual acuity was 

R.E.—20/200, L.E.—20/200. 
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This subject held the book 12 inches from her eyes. She moved 

her head across the page as she read. When the investigator attempted 

to hold the reader's head stationary, the reader continued to force 

movement of the head. A mirror observation revealed the eyes moving 

in a horizontal direction. The movement appeared rhythmical. She read 

with fluency and good expression (see Appendix A.2). 

The subject found 14 of the 59 possible items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. She had all 12 items on Section III of 

the Visual Efficiency Scale correct. 

The photograph of this subject's eye movements showed 98 fixa

tions, 27 regressions, an average span of recognition of .65 and an 

average duration of fixation of .30. The eyes worked together for 

short periods and then diverged. One eye appeared to do the reading 

with the other eye following. The return sweeps were "u" shaped with 

notable overlaps (see Appendix D.2.1). 

Subject #10 

Subject #10 was a twelve year, five month old male in the 

seventh grade. He had been diagnosed as having congenital cataracts 

with nystagmus in both eyes. His central distant visual acuity was 

R.E.—5/200, L.E.—5/200. 

This subject held the book eight inches from his eyes. He 

moved his head across the page as he read. When the investigator at

tempted to hold the reader's head in a stationary position the reader 

forced movement of the head. A mirror observation revealed a squint 



in both eyes and a continuous horizontal, rhythmical movement. This 

subject had read braille until two years prior to this investigation. 

His reading of large type material was slow, but smooth and with good 

expression (see Appendix A.2). 

The subject found 23 of the possible 59 items on the four pic

ture strips of the visual closure subtest of the Illinois Test of 

Psycholinguistic Abilities. Eleven of the twelve items on Section III 

of the Visual Efficiency Scale were correct. 

The photograph of the subject's eye movements revealed 101 

fixations, 36 regressions, an average span of recognition of .57 and 

an average duration of fixation of .37. The subject predominantly 

read with one eye, the other eye not following in the same pattern. 

His return sweeps were not regular in a vertical direction and there 

were definite overlaps (see Appendix D.2.J). 

Comparison of the Data 

Psychological Factors 

The comparison of the means of the two psychological factors, 

as shown in Tables II and III, revealed that nystagmus did not produce 

poorer visual closure or slower speed of perception than did the other 

visual anomalies included in this study as diagnosed by these two 

measures. It was believed at the onset of this study that involuntary 

movement of the eyes would produce slower speed of perception and 

poorer visual closure than the other ocular anomalies being investi

gated. The lowest score received on the visual closure subtest of the 



TABLE II 

RAW DATA OF SUBJECTS IN CONTRAST GROUP 

Sex Age ITPA VES Fix. Reg. 
Span of 
Recog. 

Duration 
of Fix. Grade 

1. M 11-4 15 12 80 25 • 00
 

H
 

.25 5 

2. M 9-4 25 9 106 59 .37 

00 CO • 3 

3. M 9-1 13 7 129 60 .037 3.18 3 

4. F 12-9 7 9 121 37 • 00
 

.33 5 

5. M 12-9 32 9 91 31 .92 • to
 

-J
 

6 

6. M 11-11 33 8 93 31 .90 .34 6 

7. M 12-11 12 12 83 36 .52 .30 7 

MEANS 11-4 19.57 9.43 100.43 39.86 .5910 .7214 5 



TABLE III 

RAW DATA OF SUBJECTS IN STUDY GROUP 

Sex Age ITPA VES Fix. Reg. 
Span of 
Recog. 

Duration 
of Fix. Grade 

1. M 9-1 27 10 99 40 .049 .37 3 

2. M 11-1 17 9 90 43 .57 .30 : 3 

3. F 9-7 20 12 112 39 .57 .33 3 

4. M 9-10 16 8 104 46 .45 .35 3 

5. F 11-6 17 10 74 67 .45 .40 4 

6. F 10-7 15 9 108 28 .75 .34 5 

7. M 12-1 29 12 102 42 .48 .35 6 

8. F 12-6 34 10 112 45 .45 .34 6 

9. F 11-5 14 12 98 27 .65 .30 6 

H
 

O
 

• M 12-5 23 11 101 36 .57 .37 7 

MEANS 11-0 21.20 10.30 100.00 41.30 .4989 .3450 4.6 

m 
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Illinois Test of Psycholinguistic Abilities was by a subject in the 

contrast group (see Subject #4). This score was 5 points lower than 

any received by other members of the contrast group and 7 points lower 

than any received by a subject in the study group. 

The highest score received on the visual closure subtest of the 

Illinois Test of Psycholinguistic Abilities was by a subject in the 

study group (see Subject #8). This score was but one point higher than 

a score received by a member of the contrast group (see Subject #6). 

The scores on the Visual Efficiency Scale had a total span of 

4 points, indicating all subjects in both groups achieved at least 

66 2/3 per cent success on this measure. Two subjects in the contrast 

group and three subjects in the study group received the maximum score 

of 12 (see Subjects #2 and #7. in the contrast group and Subjects #3, 

#7, and. #9 in the study group). 

It can be hypothesized from the data presented that the visual 

anomalies included in this investigation will produce poor visual clo

sure and a slow speed of perception, but nystagmus does not produce 

poorer visual closure or a slower speed of perception than the other 

visual anomalies included in this study. 

Physiological Factors 

The comparison of the means of the physiological factors, as 

presented in Tables II and III, revealed that nystagmus did not produce 

more fixations of longer duration, or more regressions on the material 

read than did the other visual anomalies included in this investigation 

as shown in photographs of the subjects' eyes while reading orally. 



56 

The differences of .43 in the means of the number of fixations 

would indicate there did not appear to be a sizable difference between 

the subjects in the contrast group and the subjects in the study group. 

The mean for the number of regressions was 1.44 higher for the study 

group than for the contrast group. The difference did not appear to 

be sizable. 

The average span of recognition and the average duration of 

fixation cannot be accurately compared on the basis of the means as 

listed in Tables II and III. Subject #3 of the contrast group had an 

average span of recognition of .333 (words) less than any other subject 

in the contrast group. This lowered the mean of the average span of 

recognition for the entire contrast group. A somewhat comparable 

figure is seen in Subject #1 of the study group. This subject's aver

age span of recognition of .049 was .401 (words) less than any other 

subject in the study group. If Subject #3 in the contrast group and 

Subject #1 in the study group are omitted from the data, the new means 

are .5857 for the contrast group and .5488 for the study group. With 

or without the inclusion of Subject #3 of the contrast group and Sub

ject #1 of the study group, .0121 and .0369 did not appear sizable. 

The average duration of fixation for Subject #3 of the contrast 

group was 2.80 (seconds) longer than any other subject in that group. 

This lengthened the mean of the average duration of fixation for the 

entire contrast group. There was no comparable figure in the study 

group; therefore, the difference of .3764 (seconds) between the two 

groups appeared to be sizable. If Subject #3 of the contrast group is 



omitted from the data, the new mean is .3117. When this mean is com

pared to .3450 for the study group the difference of .0333 (seconds) 

did not appear to be sizable. 

Data as Related to the Questions Examined 

The data was analyzed as it related to the examination of the 

following questions: 

1. Did the nystagmatic child demonstrate a general pattern of 

involuntary eye movements while reading orally? 

The analysis of the photographs of the eye movements of the 

subjects with nystagmus showed that a general pattern could not be 

found (see Appendix D.2). The answer to question number one can be 

hypothesized to be negative based on the data in this investigation. 

2. Did nystagmatic children demonstrate a general pattern of in

voluntary eye movements while reading orally? 

The analysis of the photographs of the eye movements of the 

subjects with nystagmus showed that a general pattern could not be 

found (see Appendix D.2). The mirror observation of the nystagmatic 

subjects while reading showed some readers' eyes moving in a horizontal 

direction while others moved in a vertical direction. The answer to 

question number two can be hypothesized to be negative based on the 

data from this investigation. 

3. Did nystagmatic children demonstrate a return sweep which was 

irregular in a vertical direction and with a definite overlap? 

The analysis of the photographs of the eye movements of the 

subjects with nystagmus showed that seven of the ten subjects had a 



return sweep which was irregular in a vertical direction. Two subjects 

had eye movements so erratic that the return sweep could not be ana

lyzed# and one subject had a return sweep in a vertical direction. 

Five of the ten subjects had definite overlaps while two had a degree 

of overlap and one had no overlaps (see Appendix D.2). The answer to 

question number three can be hypothesized to be in the affirmative 

based on the data from this investigation. 

4. Did nystagmatic children have a slower speed of perception than 

children with the same visual acuity, but different ocular anomalies 

as included in this investigation? 

A comparison of the means of the contrast group and the study 

group on the visual closure subtest of the Illinois Test of Psycho-

linguistic Abilities showed what appeared to be no sizable difference 

between them (see Tables II and III). The answer to question number 

four can be hypothesized to be negative based on the data from this 

investigation. 

5. Did nystagmatic children have poorer visual closure than chil

dren with the same visual acuity, but different ocular anomalies as 

included in this investigation? 

The comparison of the means of the contrast group and the stud/ 

group on the visual closure subtest of the Illinois Test of Psycho-

linguistic Abilities and on Section III of the Visual Efficiency Scale 

showed what appeared to be no sizable difference between them (see 

Tables II and III). The answer to question number five can be hypothe

sized to be negative based on the data from this investigation. 



6. Did nystagmatic children have more fixations in the material 

read, than children with the same visual acuity, but different ocular 

anomalies as included in this investigation? 

A comparison of the means of the contrast group and the study 

group on the number of fixations showed what appeared to be no sizable 

difference between them (see Tables II and III). The answer to ques

tion number six can be hypothesized to be negative based on the data 

from this investigation. 

7. Did nystagmatic children have fixations of longer duration than 

children with the same visual acuity, but different ocular anomalies 

as included in this investigation? 

A comparison of the means of the contrast group and the study 

group on the average duration of fixation showed what appeared to be a 

sizable difference between them. One subject in the contrast group had 

a duration of fixation of 2.80 seconds longer than any other member of 

that group. Omitting the above mentioned subject, the new difference 

of .0333 seconds did not appear sizable. The answer to question number 

seven can be hypothesized to be negative based on the data from this 

investigation (see Tables II and III). 

8. Did nystagmatic children have more regressions in the material 

read, than children with the same visual acuity, but different ocular 

anomalies included in this investigation? 

A comparison of the means of the contrast group and the study 

group on the number of regressions showed what appeared to be no siz

able difference between them (see Tables II and III). The answer to 
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question number eight can be hypothesized to be negative based on the 

data from this investigation. 

Summary 

The purpose of this chapter was to present the data in relation 

to: the visual behavior of the individual subjects, the arithmetical 

comparison of the means of the contrast group and the study group, and 

the questions examined. The questions examined were answered with a 

negative reply except for question number three. The data presented 

lead to the hypothesis that nystagmatic children do not have a common 

pattern of involuntary eye movements and that nystagmus does not pro

duce poorer visual closure or slower speed of perception than other 

ocular anomalies included in this investigation. The physiological 

factors of fixations, regressions, average span of recognition, and 

average duration of fixation did not show differences that appeared 

sizable. 



CHAPTER V 

SUMMARY 

In this chapter a resume of the study is presented. The resume 

includes the statement of the problem, the procedure, the results, a 

discussion of the results, the importance of the results, and finally 

recommendations for future research. 

Statement of the Problem 

The purpose of this study was to analyze the ocular characteris

tics of children with nystagmus while reading orally and to compare them 

with children having the same visual acuity, but a different ocular 

anomaly as included in this investigation. 

Procedure 

Seventeen visually handicapped students enrolled at the Arizona 

State School for the Deaf and the Blind were selected for this study. 

Eligible subjects met the following criteria: central visual acuity 

in the better eye after maximum correction of not more than 20/100 nor 

less than 20/400; diagnosed as having nystagmus for inclusion in the 

study group, and as not having nystagmus for inclusion in the contrast 

group, visual ability to read material printed in 18 point type; had 

reached the ninth birthday, but not reached the thirteenth birthday. 

Each subject was observed by the investigator to evaluate his 

reading distance, head movements, and any noticeable eye movements. 
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The visual closure subtest of the Illinois Test of Psycholinguistic 

Abilities and the Visual Efficiency Scale were administered to the sub

jects. The Reading Eye camera was used to secure photographs of the 

subjects* eyes while reading orally. 

A comparison of the data was made by the use of the means of 

the contrast group and the study group. Raw data and notations from 

the observations of the investigator were presented in individual case 

studies. 

Results 

The results of this study indicated that, in general, nystagmus 

could not be shown to produce poorer visual closure, slower speed of 

perception, more fixations of longer duration or more regressions than 

other visual anomalies included in this investigation. 

Specifically, the results indicated: 

1. No general pattern of involuntary eye movements was found in 

the child with nystagmus. Further, no general pattern of in

voluntary eye movements was found in nystagmatic children. 

2. The return sweep of nystagmatic children was found to be ir

regular in a vertical direction and with a definite overlap. 

3. Children with nystagmus did not exhibit poorer visual closure 

or a slower speed of perception than did children with the 

same visual acuity, but with other comparable ocular anomalies. 

4. Nystagmatic children did not have more fixations than children 

with the same visual acuity, but a different ocular anomaly, 

on the material read. 
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5. The children with nystagmus did not demonstrate fixations of 

longer duration than did the subjects in the contrast group. 

6. Nystagmatic children did not have more regressions than other 

children with the same visual acuity, but a different ocular 

anomaly. 

Discussion of the Results 

It was obvious from the results of the study of these two 

groups of students attending the Arizona State School for the Deaf and 

the Blind that nystagmus does not produce greater reading problems than 

other visual anomalies included in this investigation. The visual be

havior of the study group was in a directional trend with the visual 

behavior of the contrast group on all factors investigated. 

A significant fact revealed by the observation of the subjects 

while reading was that sixteen of the seventeen children moved their 

heads across the page as they read. Books printed in 18 point type 

are generally eight inches wide; this size could be a factor in the 

head movement of the reader. The children with nystagmus did not force 

head movement with any greater frequency than did those children in the 

contrast group when an attempt was made to hold the head stationary. 

When comparing the contrast group with the study group on the 

two psychological factors—speed of perception and visual closure-

there appeared to be no sizable difference in the means. Nystagmus 

did not lead to slower speed of perception or poorer visual closure. 

The comparison of the two groups on the fundamental reading 

skills of fixations, regressions, average span of recognition, and 
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duration of fixation showed what appeared to be no sizable difference. 

One subject in the contrast group skewed the means for the span of 

recognition and the duration of fixation; however, when his score was 

omitted the difference did not appear to be sizable. 

Importance of the Results 

Since technological advances have provided the means to enrich 

educational activities utilizing the sense of sight, children with 

limited vision should be trained to use their residual sight to its 

fullest capacity. There is currently an interest in the training of 

the residual sight of low vision children. Educators can be helped to 

assist the child in this training if they know more about the ocular 

behavior of visually handicapped children. 

Recommendations for Future Research 

1. As cited in the review of the literature, Barraga (1964) re

ported an increase in visual functioning after a period of intensive 

visual training. The Barraga study lead to Utilization of Low Vision 

Institutes being held throughout the country in 1970. These institutes 

trained teachers in the activities that had been shown to increase 

visual functioning. It is recommended that this study be replicated 

with visually impaired students enrolled in educational programs whose 

teachers have had this training. 

2. It is recommended that this study be replicated with the assis

tance of a reading consultant, and that the subjects be given intensive 
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training utilizing the activities employed by reading specialists be

tween the pre-test and post-test evaluations. 

3. It is recommended that this study be replicated with children 

of different ages including good readers in high school and college. 

The reading patterns analyzed from these groups may be used in an at

tempt to identify the activities that will lead to increased visual 

functioning. 

4. There is currently an increased interest in the psychological 

factors of visual closure and speed of perception. It is recommended 

that this study be replicated using other diagnostic measures to evalu

ate visual closure and speed of perception in visually handicapped 

children. 

Summary 

In this chapter a resume of the study was presented. The 

resume included the statement of the problem, the procedure, the re

sults, a discussion of the results, the importance of the results and 

finally recommendations for future research. 
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TABLE A.l. INVESTIGATOR'S NOTATIONS DURING OBSERVATIONS OF THE SUBJECTS 

CONTRAST GROUP 

Subj. 

Dist. 
Book 
Held 

Observable 
Head Movements 

Reaction to Holding 
Head Stationary 

Mirror 
Observation 

General 
Reading 

#1 3 in. Moved head across 
page as he read 

Able to read with
out head movement 

Eyes moved smoothly 
in horizontal direc
tion 

Fluent-speed, 
expression 

#2 9 in. Moved head across 
page as he read 

Able to read with
out head movement 

No extraneous eye 
movements 

Difficulty with 
word recogni
tion, poor ex
pression 

#3 4 in. Continuous head 
movement-vertical, 
moved head across 
page as he read 

Forced head move
ment when reading 

No extraneous 
eye movements 

With difficulty, 
poor expression 

#4 18 in. ! No head movement Continued to read 
with no movement 

No extraneous eye 
movements 

Not smooth, 
poor expression 

#5 8 in. Moved head across 
page-orderly 

Continued to move 
head 

No extraneous eye 
movements 

Fluent-speed, 
good expression 

#6 8 in. Moved head across 
page as he read 

Able to read with
out head movement 

No extraneous eye 
movements 

Fluent, good 
expression 

#7 10 in. Moved head across 
page as he read 

Able to read with
out head movement 

Some continuous 
vertical movement 

Fluent, Good 
expression 



TABLE A.2. INVESTIGATOR'S NOTATIONS DURING OBSERVATIONS OF THE SUBJECTS 

STUDY GROUP 

Subj. 

Dist. 
Book Observable 
Held Head Movements 

Reaction to Holding 
Head Stationary 

Mirror 
Observation 

General 
Reading 

#1 14 in. Moved head across 
page as he read 

Continued to move 
head 

Continuous movement- . Smooth, poor 
horizontal-no circular expression 

#2 5 in. Moved head across 
page as he read 

Moved book across 
table 

Extreme squint. Eye 
lids move in vertical 
direction 

Smooth, good 
expression 

#3 10 in. Move head across 
page as she read 

Able to read without 
movement 

Continuous-vertical Smooth, good 
and horizontal, and expression 
some circular movement 

#4 6 in. Moved head across 
page as he read 

#5 7 in. Moved head across 
page as she read 

Continued to move 
head 

Continued to move 
head 

Continuous movement 
horizontally 

Extreme squint, sen
sitive to light 

Difficulty with 
word recogni
tion. Poor ex
pression 

Difficulty with 
word recognition, 
poor expression 

#6 9 in. Moved head across 
page as she read, 
continuous horizon
tal movement 

Able to read without 
movement 

Continuous horizon
tal movement, peri
odic circular 
movement 

Smooth, good 
expression 



TABLE A.2.—Continued 

Subj. 

Dist. 
Book Observable 
Held Head Movements 

Reaction to Holding 
Head Stationary 

Mirror 
Observation 

General 
Reading 

#8 13 in. Moved head across 
page as she read 

Able to read without 
movement 

Rotating motion, not 
rhythmical 

Fluent, good 
expression 

#9 12 in. Moved head across 
page as she read 

Continued to force 
movement 

Horizontal movement, 
rhythmical 

Fluent, good 
expression 

#10 8 in. Moved head across 
page as he read 

Continued to force 
movement 

Squint, continuous 
horizontal movement, 
rhythmical 

Read braille 
until last two 
years. L.T. 
reading slow, 
smooth, good 
expression 

CT> 
to 
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Bob looked  down the  
s t r e e t .  A  m a n  w a s  r i d i n g  
a  g ray  oony .  "F ive  penn ies  
a  r i de , "  sa id  the  man.  Bob  
c o t  f i v e  o e n n i e s  f r o m  h i s  
m o t h e r .  H e  w e n t  f o r  a  r i d e  

down the  s t ree t .  

park  
feed  
noon  
jus t  
the i r  
b read  
hay  
I  a rge  

Figure B.l. Paragraphs and Spelling Words Read 
by Subjects in the Third Grade 
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Nancy  I  i ked  to  go  to  
the  c i r cus .  She  l i ked  the  
s a d  c l o w n  b e s t  o f  a l l .  N o  
o n e  h a d  e v e r  s e e n  h i m  s m i l e .  
O n e  d a y  N a n c y  b r o u g h t  h i m  a  
j oke  book .  

I  earn  
t r  i  ck  
deer  
sound  
danger  
f  ron t  
s tood  
h i d  

Figure B.2. Paragraphs and Spelling Words Read 
by Subjects in the Fourth Grade 
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Dav i d  I  i  kes  to  save  
s tamps .  He has  saved  over  
two  thousand  s tamps .  Some
t imes  he  buys  them,  bu t  he  
t a k e s  m o s t  o f  t h e m  o f f  
l e t te rs .  Dav id  has  a  
spec  i  a  I  book .  

bo r row 
quar te r  
mov  i  es  
accoun t  
co r rec t  
was te  
shee t  
cash  

Figure B.3. Paragraphs and Spelling Words Read 
by Subjects in the Fifth Grade 
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Sam's  fami l y  had  t ra 
ve led  wes t  by  covered  wa
gon .  A f te r  they  were  se t 
t l ed ,  Sam met  an  Ind ian  boy  
w h o  w a s  c a l l e d  S l a c k h a w k .  
They  lea rned  to  ta l k  to  each  
o t h e r  w i t h  f i n g e r  s i g n s .  

f a i r l y  

cen t ra  I  
ra t  e  
anx  i  ous  
dodge  
tough  
s t i f f  
c o n t  r o I  

Figure B.4. Paragraphs and Spelling Words Read 
by Subjects in the Sixth Grade 
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W h a l e s  b r e a t h e  a i r  j u s t  
as  human be ings  do .  Bu t  
they  do  no t  b rea the  th rough  
the i r  mouths  as  we can .  AM 
o f  the i r  wrea th ing  i s  
t h r o u g h  t w o  l i t t l e  n o s t r i l s  
p laced  on  top  o f  tne i r  heads .  

f a i r l y  

c e n t  r a I  
r a t e  
anx  i  ous  
dodge  
tough  
s t i f f  
c o n t  r o I  

Figure B.5. Paragraphs and Spelling Words Read 
by Subjects in the Seventh Grade 
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5 ¥ 15 12 27 
7 6  17 18 23 
9 8  19 IV 29 
3  2 13 16 25 

1 5  1 1 19 21 

Figure B.6. Columns of Figures Read by All Subjects 
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Figure C.l. photograph of Reading Eye Camera 
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R L 

* Fixation 

> Movement 

»Regression) 

Return Sweep 

Duration' 

Figure C.2. Photographic Sample with Basic Explanation 
for Interpreting Eye Movement Film 
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Figure D.l. Samples of Eye Movement Photographs from 
Subjects in the Contrast Group 
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Figure D.l—Continued 



Figure D.l—Continued 
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Figure D.2. Sample of Eye Movement Photographs from 
Subjects in the Study Group 



Figure D. 2—Continued 
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Figure D.2—Continued 
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Figure D.2. Sample of Eye Movement Photographs from 
Subjects in the Study Group 
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