Topical Review

The study of eye movements during reading has provided many important
insights about the process of reading. Until recently, there has been a relatively
broad consensus that the erratic eye movements of poor readers were a conse-
quence of difficulties in learning the visual-verbal associations involved in
reading, rather than being a primary cause of poor reading themselves. Howev-
er, recent data has begun to question this assumption. In this month’s Topical
Review, the author reviews the research suggesting the erratic eye movements of
dyslexics are not simply a consequence of poor reading skills. This research is
important because, if it is substantiated in future work, examination of eye
movement patterns may contribute significantly to the diagnosis of dyslexia.

—J.K.T.

Eye Movements in Dyslexia: Their
Diagnostic Significance
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yslexia affects the lives of millions
of people worldwide and often has
devastating psycho-socio-educational con-
sequences. It is also one of the most
controversial topics in the fields of devel-
opmental neurology, psychology, and
education. The controversy arises from
the incomplete definitions of the syn-
drome of dyslexia and from the contra-
dictory theories that surround its etiology.
A major difference between dyslexia
and other reading disabilities is that, un-
like dyslexia, other categories of reading
failure can be predicted on the basis of
neurological, intelligence, socio-eco-
nomic, educational, and psychological
(motivational, emotional) factors known
to adversely effect the reading process
(Denckla, 1977; Dobbins, 1984; Down-
ing & Thackray, 1975; Hollander, 1934,
Symmes & Rapoport, 1972; Vernon,
1971). If, for instance, a child has prob-
lems in one or more of the above men-
tioned areas, he is expected to have read-
ing problems. The extent of the reading
disability is determined by the severity
and number of factors that are involved.
In contrast, if a child has none of the
above mentioned problems, he 1s ex-
pected to be a normal reader. Children
can be classified as dyslexic when their
failure to learn to read cannot be pedicted
by deficiencies in any of the known
causes of poor reading (Denckla, 1977,
Rudel, 1980; Symmes & Rapoport, 1972).
Psycho-socio-enviro-educational and in-
telligence factors do not cause dyslexia,
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although they can contribute to its sever-
ity or amelioration. The causes of dys-
lexia are constitutional (e. g. subtle brain
malformation or malfunction) but they
remain as yet undetermined. If dyslexia
is due to neurological factors (Critchley,
1981; Masland, 1981), then there is no
reason why dyslexia should not occur at
all intelligence levels and in all psycho-
socio-cultural backgrounds, as all other
neurologically based conditions do.

CONCEPTUAL AND
DEFINITIONAL PROBLEMS

Lack of knowledge of the causes of
dyslexia has forced the adoption of defi-
nitions based on exclusionary criteria.
This type of definition creates problems
both to researchers and practitioners.
These exclusionary criteria are often im-
precise, unquantifiable and incomplete, a
fact which often leads to the inclusion of
an undetermined number of non-dyslexic
retarded readers in samples of dyslexic
children (Benton, 1975; Calfee, 1982;
Denckla, 1977; Hughes, 1982: Pavlidis,
1983b). This, consequently, renders the
results of such studies not specific to
either reading retardation or dyslexia.
One can not, therefore, reliably make
inferences from these studies about dys-
lexia.

The diagnosis of dyslexia by the use of
exclusionary criteria delays diagnosis (by
at least 1.5 - 2 years after beginning
school), which 1n turn can have the fol-

C opviakt-S-2004-Ad-Ricaiamidaaarrect- - -

lowing negative effects: a) limited effec-
tiveness of treatment following delayed
diagnosis (Schiffman, 1968); and b) de-
velopment of psychological problems
secondary to reading failure. Further-
more, children cannot be unequivocally
diagnosed as dyslexics 1f they are: a)
psychologically maladjusted prior to be-
ginning schooling; b) from a disadvan-
taged socio-cultural background; ¢) edu-
cationally deprived; and d) of low intel-
ligence.

These problems stemming from a def-
inition based on exclusionary criteria can
be overcome only if a positive definition
of dyslexia can be elaborated. Such a
definition would identify dyslexics on the
basis of positive behavioral, psychologi-
cal and/or neurophysiological symptoms
such as abnormal EEG or evoked poten-
tial and/or erratic eye movements (Duffy
et al., 1980; Pavlidis, 1981a, b). A major
advantage of a positive definition is that
it would make possible an unequivocal
diagnosis of dyslexia in children from
disadvantaged socio-cultural and educa-
tional backgrounds, as well as in children
who are psychologically disturbed or of
low intelligence.

Unfortunately, our current knowledge
does not lend itself to a positive defini-
tion of dyslexia. It is, therefore, impera-
tive to utilize comprehensive exclusion-
ary diagnostic criteria when studying dys-
lexia. In this way, all factors known to
negatively influence the reading process
can be taken into account (Downing &
Thackray, 1975; Vernon, 1971; Rutter &
Yule, 1975; Dobbins, 1984). Each of
these factors has to be precisely defined
and quantified in order to differentiate
dyslexics from other disabled readers in a
way that is replicable and meaningful
(Pavlidis, 1981b). These general princi-
ples of subject selection have not usually
been observed 1n studies of dyslexia/LD
either for dyslexics or for the matched
normal controls.

CONTROL GROUPS

Equally important to the subject se-
lection criteria is the selection of appro-
priate control groups. It is customary to
compare dyslexics with normal controls
matched on [.Q., socioeconomic back-
ground, and chronological age. Such a
comparison provides the degree of devia-

Journal of Learming Disabilities




tion of the dyslexic’s scores from the
norm, but it does not frequently tell us
much about the possible cause of those
differences. This limitation can be over-
come by the addition of a control group
consisting of non-dyslexic retarded read-
ers matched for both reading and chrono-
logical ages. Such a match can provide
crucial information that could point to
possible causal differences and even to a
differential diagnosis between dyslexia
and other forms of reading disability
(Paviidis, 1981b; 1983c). Such a differ-
entiation could be achieved through be-
havioral, psychological, and/or psycho-
physiological tests such as EEG, evoked
potentials, or eye movements.

THE SIGNIFICANCE OF EYE
MOVEMENTS

Eye movement efficiency develops al-
most in parallel with the reading process.
The importance of the use of eye move-
ments as an objective tool for the study
of the individual components of the read-
ing process is further enhanced by the
fact that the performance of our eye
movements is beyond conscious control
while performing a task and their analy-
sis is automated, and hence, objective.

The functional significance of eye
movements is far from being understood.
Eye movements are the fastest and most
frequent movements made by the human
body. The eyes keep moving during sleep
and even during coma (Coakley & Thom-
as, 1977). There are at least 4 different
types of eye movements. Each type has
its own neurological contro] system. The
eye movement control system is one of
the most complex, sophisticated and ad-
vanced biological control systems. The
main type of eye movements used during
visual scanning and reading are called
saccadic eye movements or saccades.
Saccades are preceeded and followed by
pauses or fixations. The brain obtains its
information through the eyes only during
fixation. Furthermore, vision depends on
the efficiency of eye movements. It is.
however, erroneous to equate eve move-
ments with vision, as the function of eye
movement goes well beyond vision and
reflects higher brain processes.

The significance of eye movements is
such that a great part of the brain’s
potential is dedicated to their control.
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They serve not only vision but also a
variety of high level cognitive functions.
It is not, therefore, surprising that differ-
ent types and characteristics of eye
movements have been found to be among
the first signs and most sensitive indices
of many neurologically based conditions
including schizophrenia, behavioral, and
attentional disorders (Corvera et al.,
1974: Holzman et al., 1976; Schwartz et
al., 1984; Shagass et al., 1976; Von
Noorden et al., 1964). and hyperactivity
(Bala et al., 1981). They also are a good
indicator of reading proficiency (Pavlidis,
1981b; Tinker, 1958).

Eye movements are a powerful method
for uncovering and understanding the
mechanisms involved in the reading pro-
cess. Unlike other methods that provide
only a global picture of the task under
study, eye movements can be used to
pinpoint the specific problems of the
reader. By “mapping” the eye fixations on
the text one can find which word or parts
of the text attracted the reader’s attention
or were the most difficult. Such informa-
tion is useful not only for uncovering
problems in the different components of
reading but also for the development of
teaching strategies or methods appropri-
ate for the child’s personal strengths or
weaknesses. A teacher can even monitor
and further adjust his/her teaching strat-
egy by following the child’s progress
through repeated eye movement mea-
surements over time (Solan, in press).
This objective procedure can be comple-

mentary to existing educational testing.

Up to now, the relatively high cost of
eye movement devices, combined with the
need for specialized technical skills for
their operation, has restricted their use
mainly to universities or other research-
clinical institutions. When the above-
mentioned problems are overcome, the
benefits stemming from the application
of eye movements technology to educa-
tion will be appreciable.

EYE MOVEMENT AND
READING DEVELOPMENT

Since its inception, research on eye
movements has been intimately linked to
the study of reading (Hue, 1908). This is
a logical relationship, since eye move-
ments constitute an integral part of the
reading process. Interestingly, most of
this research has concentrated on the
study of normal readers (Tinker, 1958).
Although little has been done to analyze
the eye movements of learning disabled/
dyslexic readers. the proven value of eye
movements in uncovering the cognitive
and perceptual skills of normal readers
suggests that it will be useful to apply the
ideas and technology of eye movement
research to the study of LD/dyslexia.

Reading skills develop gradually, im-
proving in precision and speed over the
years. They develop in parallel with, and
are clearly reflected in the patterns and
characteristics of the readers’ eye move-
ments. Most of that development occurs
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Figure 1. Illustrative eye movement records of regular L—R scanning of a normal reader
(a) as well as a retarded reader (b), and the highly erratic patterns of a dyslexic (c)
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during the first three to four years of
schooling. About two-thirds of the total
development of readers’ eye movements
that occurs between the first grade and
college level is achieved by 10 years of
age (Taylor, et al., 1960). It is noteworthy
that the EEG also starts to mature at about
the same age (Epstein, 1980).

The overall developmental pattern for
eye movements suggests that during both
reading and visual search (Lloyd &
Pavlidis, 1978a,b; Mackworth & Bruner,
1970; Vurpillot, 1976) an inverse rela-
tionship exists between age and duration
of fixation, and the number of forward
and regressive eye movements (i. e. the
older the child the shorter the duration of
fixation). Usually, a shorter fixation is an
indication of faster information proces-
sing.

Regressions during reading have been
partly attributed to the problems that the
reader has in comprehending the material
(Bayle, 1942; Hue, 1908), to large for-
ward saccades (Anderson, 1937; Andries-
sen & DeVoogd. 1973), and to semantic
control and inference making (Just &
Carpenter, 1978).

ERRATIC EYE MOVEMENTS
AND DYSLEXIA

There is a consensus of opinion among
eye movement researchers that a high
number of dyslexics exhibit erratic eye
movements during reading. The main
characteristics of erratic eye movements
are the excessive numbers of eye move-
ments, particularly regressions, which
often occur two or more in succession.
The sum of amplitudes or individual am-
plitudes of regressions can be larger than
the proceeding forward saccade. This is
very different from patterns shown by
advanced, normal, and non-dyslexic re-
tarded readers, who make singular re-
gressions of the same or smaller size
than the preceeding forward saccade.

Other characteristics of erratic eye
movements include great variability in
size and duration. The overall impression
given by an erratic eye movement pattern
is its irregularity, idiosyncratic shape,
and the lack of a consistent repetitive
pattern line after line. As seen in Figure
1, the pen recordings of normal and
advanced readers’ eye movement patterns
resemble the shape of a staircase. Each
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“staircase” represents a line of text. The
longer the time spent to read the line the
longer the staircase. Its top “step” repre-
sents the first fixation at the beginning of
the line, while the bottom *“step” repre-
sents the last fixation at the end of the
line. Forward eye movements (L-R) go
from top to bottom, while regressions
(R-L) have the reverse direction.

PLEASE PLACE FIGURE 1 ABOUT
HERE — SLUG

Even mild eye movement disorders
usually are accompanied by difficulties
in maintaining fixation, holding the eyes
on he same line, maintaining a sequen-
tial scanning of words or lines, and an
inability to keep reading for more than a
few minutes without feeling fatigued.

There are only a small number of eye
movement studies of dyslexia during read-
ing. In most of them, the subject selec-
tion criteria, as in other studies of dysiex-
ia, have not been adequate. Most of the
eye movement studies are either case stud-
ies (Ciuffreda et al., 1976; Elterman et
al., 1980; Goldberg & Arnot, 1970;
Pavlidis, 1978; Pirozzolo & Rayner,
1978; Zangwill & Blakemore, 1972)
and/or they focused on isolated eye
movement characteristics without any at-
tempt for quantification (e. g. Elterman
et al., 1980; Goldberg & Arnot, 1970).
Only in a few studies have the eye move-
ments of dyslexics and “matched” con-
trols been compared and statistically ana-
lyzed (e.g. Gilbert. 1953: Griffin et al.,
1974; Heiman & Ross, 1974; Lefton et
al., 1978; Lesevre, 1964; 1968; Pavlidis,
1979, 1981b; Rubino & Minden, 1973.)

The first association between reading
disability and wandering, irregular eye
movements was made by Freeman (1920)
and Gray (1921). Gilbert (1953), in his
extensive study of the developmental re-
lationship between eye movements and
reading ability, found that subjects with
reading difficulties made a much higher
percentage of regressive eye movements
than normal readers. Lesevre’s (1964
1968) results were similar to Gilbert’s.
Lesevre’s results from reading and non-
reading studies led her to the conclusion
that the irregular eye movements of dys-
lexics could not be attributed to reading
habits, poor teaching, or environmental
factors.
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In a less carefully controlled study,
Rubino and Minden (1973) found that
the LD children made significantly more
fixations and regressions than the normal
controls, but there were no significant
differences in the duration of their fix-
ations.

Similar results have also been reported
by Griffin et al. (1974), who compared
the eye movements of a heterogeneous
group of 13 male “inadequate readers”
with 13 normal control subjects during
reading and non-reading tasks. During
reading, the inadequate readers made sig-
nificantly more fixations per line and had
a shorter span of recognition than the
normal readers.

One of the best known case studies of
a dyslexic has been reported by Zangwill
and Blakemore (1972). They recorded
the eye movements of a 23-year-old dys-
lexic graduate student while he tried to
read and found that his oral reading was
slow and marked by occasional self-
corrected misreadings and verbal trans-
positions. His spelling was bizarre and
included omissions of individual letters
and homophones. When he was younger,
he was often reported to reverse words.
His eye movements during reading were
erratic with a strikingly large number of
regressive movements. Sometimes, “he
started from the right side of the line and
made a perfect, fast series of flicks along
the line from the right to left without a
single ‘regressive’ movement in the cor-
rect direction” (p. 372). Zangwill and
Blakemore attributed his erratic eye move-
ments to an “irrepressible tendency to
move his eyes from nght to left rather
than left to right” (p. 372). Therefore,
they explained his reversals and transpo-
sitions in terms of his erratic eye move-
ments. They further suggested that erratic
eye movements “may not be a primary
symptom in all dyslexic patients, but it
may be in some, particularly those who
show mixed laterality” (p. 373).

Although researchers agree that a
number of dyslexics exhibit erratic eye
movements during reading, they disagree
on the extent and the nature of the rela-
tionship between erratic eye movements
and dyslexia. A number of contradictory
hypotheses have been put forward to ex-
plain the dyslexic’s erratic eye movements
during reading. These hypotheses can be
grouped into three categories 1) erratic
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eye movements are just another reflection
of the problems dyslexics have with the
reading material (Ellis & Miles, 1981;
Goldberg & Arnot, 1970; Tinker, 1958);
2) erratic eye movements may sometimes
cause dyslexia (Goldrich & Sedgwick,
1982; Griffin et al., 1974; Hildreth, 1963;
Lesevre, 1964; 1968; Zangwill & Blake-
more, 1972); and 3) erratic eye move-
ments and dyslexia are the symptoms of
one or more commonly shared or inde-
pendent but parallel central deficits (Pav-
lidis, 1983c, in press a, b).

DIFFERENCES IN EYE
MOVEMENT PATTERNS BE-
TWEEN DYSLEXICS AND
OTHER POOR READERS

If dyslexics’ erratic eye movements are
caused by bad reading habits or by the
difficulty they have with the reading ma-
terial, then they should have similar eye
movement patterns to other equally poor
readers who are not dyslexic. Similarly,
when dyslexics read easy texts (one year
below their reading level) their eye move-
ments should be converted to regular
“staircase” patterns because they have no
difficulty with the text. Finally, normal
readers’ eye movements should become
erratic or should make an excessive num-
ber of regressions when they read a diffi-
cult text (one year above their reading
level).

In order to test these hypotheses,
Pavlidis (1981b) conducted a study in
which the eye movement patterns of dys-
lexics, other retarded readers, normal,
and advanced readers were compared. In
selecting the research diagnostic criteria
for dyslexia, care was taken to exclude
any known factors that could potentially
be a primary cause of the reading prob-
lem. Another aim of the criteria was to
quantify as many qualitative factors as
possible, e. g. educational opportunities
(Pavlidis, 1981b; in press, b).

Guided by these concepts, the follow-
ing factors were taken into account in
establishing the research diagnostic cri-
teria for dyslexia. In summary, they were;
average or above average 1.Q., at least
1.5 years retarded in reading if below 10
years of age or 2 years reading retarda-
tion (in relation to their chronological
age) if above 10 years of age, normal
visual and auditory acuity, advantaged
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socioeconomic background, no emotional
or motivational problems prior to begin-
ning reading, no overt physical handi-
caps, adequate educational opportunities
(e.g. lack of excessive absenteeism and
frequent school changes) (Pavlidis, 1981b,
1983b, in press b). Children who ful-
filled all these criteria were included in
the dyslexic group. Among other factors,
the control group of advanced and nor-
mal readers were matched to dyslexics
for chronological age, while the retarded
readers were matched for both chronolog-
ical and reading ages (Pavlidis, 1981b, in
press b).

While the children were reading, their
horizontal and vertical eye movements
were recorded by means of the highly
sensitive, non-invasive photo-electric
method, modified by the author to suit
the experimental requirements. The sen-
sitivity of the method was enough to
distinguish fixations on different letters
of the same word.

The analysis of the results of this study
have shown that the number of forward
and regressive eye movements was signif-
icantly higher in dyslexic than in the
matched retarded, normal and advanced
readers. These findings replicated our
earlier study comparing dyslexics with
matched normal readers (Pavlidis, 1979),
and were also in agreement with the find-
ings of the rest of the literature (Gilbert
1953; Lesevre, 1964; 1968).

The characteristic that again stood out
was the excessive number of regressions
made by dyslexics. In a number of cases,
the dyslexics’ regressions occurred in
succession, in clusters of two or more,
producing an irregular, erratic pattern as
can be seen in Fig. 2.

Each square of Fig. 2 represents a
page of text. The horizontal location of
the numbers represents the position of
the fixation in relation to the line, while
the consecutive numbers reflect the order
of their occurrence. The normal reader
read each line with regular left to right
eye movements, interrupted by small re-
gressions. The dyslexic, however, made
41 disorganized eye movements to read
one line and needed two large eye move-
ments to reach the beginning of the next
line.

To summarize the results, the dyslex-
ics made significantly more regressive
eye movements and fixations than each of
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the other three control groups, while each
child read text appropriate to his/her read-
ing age. Retarded readers made signifi-
cantly more regressions than normal
readers, and they in turn made signifi-
cantly more than advanced readers. Dys-
lexics made significantly more regres-
sions than the normal readers even when
dyslexics read the easy text for them and
the normal readers the difficult.

These results raise the following ques-
tion: did the dyslexics simply make more
eye movements than the other readers,
and hence made more regressions, or did
they also make different kinds of eye
movements? To answer this question, the
percentage of regressions of the total
number of eye movements was com-
pared. The dyslexics were still found to
have significantly more regressions than
other readers, including retarded readers
(DF = 1,30, p<.0008), but there was
no significant difference between the non-
dyslexic groups. This finding suggests
that the advanced, normal, and retarded
readers belonged to the same continuum,
while the dyslexics were a group of read-
ers distinct from the retarded and other
readers.
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Figure 2. Computer produced eye-movement
records of a normal reader (a) and a dys-
lexic (b) indicating the order of each fixa-
tion and its location in relation to the line
of text.
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On the basis of the results of this study,
the first hypothesis which suggested that
dyslexics’ erratic eye movements are just
the reflection of the problems they have
with reading is rejected for two reasons.
First, the eye movements of the dyslexics
and the matched retarded readers should
have been similar because they were
equally retarded in reading. On the con-
trary, they were found to be significantly
different. Second, the easy text did not
“normalize” the dyslexics’ eye move-
ments. Further supporting evidence comes
from the fact that the normal readers’ eye
movements did not become erratic even
when they read a difficult text. The data
show that: a) text difficulty can alter
positively or negatively dyslexics’ eye
movement pattern and characteristics but
only up to a point; and b) the erratic eye
movements were not caused soley by the
problems dyslexics had with reading. The
results of this study do not support the
hypothesis that erratic eye movements are
caused by the problems only dyslexics
have with reading. These studies, howev-
er, have yet to answer questions about the
causes of the dyslexics’ erratic eye move-
ments.

ERRATIC EYE MOVEMENTS
IN NON-READING STUDIES

By definition, dyslexia cannot be at-
tributed to low 1. Q., emotional, motiva-
tional, educational or environmental fac-
tors. So, the remaining plausible cause(s)
can be brain malformation or malfunc-
tion. In this regard, the recent cytoarchi-
techtonic analysis of the brain of a dys-
lexic (Galaburda & Kemper, 1979) is
important because it demonstrates that
innate, but circumscribed malformations
of the brain exist in dyslexics. Further
studies of dyslexic brains have revealed
similar malformations (Geschwind, 1982,
Galaburda, in press). These malforma-
tions have been attributed by Geschwind
(1982) to the period when the formation
of the brain tissues occurs in the womb.

If dyslexia is caused by a brain mal-
function, then such a malfunction should
manifest itself not only during reading,
but also during other tasks which depend
on skills that are fundamental to the
reading process and are processed by the
same parts of the brain. Dyslexia might
become a clearly identifiable category if
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dyslexics were found to also be signifi-
cantly different from other readers (and
especially matched retarded readers) in
non-reading tasks that simulate the non-
verbal aspects of the reading process.

One such attempt was made by Gilbert
(1953), who tried to find out whether
there was a correlation between eye
movement efficiency and performance in
reading and non-reading tasks. His 528
subjects included above-average, average,
and very poor readers. The subjects’ eye
movements were photographed while they
either read prose passages, or fixated on
a series of digits, with the digits substi-
tuting for words. A strong inverse rela-
tionship was found between age and num-
ber of eye movements needed to fixate
the digits. The older the child, the fewer
eye movements they made. Regression
proved to be the most sensitive index of
the motor efficiency of the eyes. The
correlations between frequency of regres-
sions during prose and sequentially fixat-
ing digits were found to be high. Gilbert
further stated that: “there was no instance
of a pupil who was very superior in
fixation frequency in reading prose and
yet proved very inferior in fixation fre-
quency in reading digits. Rather, the data
are consistent in pointing out the fact that
individuals whose eye movement behav-
ior is most efficient in one type of read-
ing show superiority in the other type
also; and very inferior performance in
either activity is generally predictive of
inferior performance in the other type.”
(p. 203).

Similar results to Gilbert (1953) have
been obtained in France by Lesevre
(1964, 1968), who tested children be-
tween 5 and 12 years of age in a similar
non-reading task. Younger children’s eye
movements were found to be inadequate.
After the 7th year, however, their perfor-
mance improved significantly and this
improvement remained almost unchanged
in adults. These findings suggest that
maturation of the parts of the brain re-
sponsible for the sequential control of the
saccadic, or possibly any other “‘sequen-
tial” system, may constitute a prerequi-
site for the accurate execution of any
sequential task such as reading. It may
not be accidental that worldwide, the start
of schooling coincides with the period
that the oculomotor system becomes ma-
ture enough for such tasks as reading.
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Consistent results with Gilbert and
Lesevre were also found by Griffin et al.
(1974), who tested their subjects on four
non-reading tasks consisting of sequen-
tially fixating on equidistantly spaced pic-
tures, dots and three-letter words. The
subjects were instructed “to merely look
at each configuration as in a reading
situation.” Griffin and his colleagues
concluded that: “Inadequate readers seem
to have less efficient saccadic eye move-
ment regardless of the type of material
used. While the inadequate readers were
heterogeneous, two distinguishable cate-
gories at either end of the range of per-
formance emerged. The first group se-
quenced saccadic eye movements too
rapidly, skipping and omitting material.
The second group sequenced saccades
too slowly, resulting in overfixation” (p.
315). Their final conclusion was that
“disorder of saccadic EMs is a problem
of microsequencing.” (p. 316).

Lefton, Lahey, and Stagg (1978) com-
pared the eye movement strategies used
by adults, normal, and dyslexic children
while they tried to choose from one of
four five-letter alternatives that matched a
sample. Lefton and his colleagues found
that when attention had to be maintained
for more than 5 seconds. the eye move-
ment search patterns of dyslexics became
erratic, and error rates rose steeply. They
concluded that the children’s inaccura-
cies in this task were due to . . . their
unsystematic strategy in examining let-
ters and their failure to use a positive
systematic sequential examination under
sustained attention” (p. 30).

Elterman et al. (1980) recorded the
horizontal and vertical eye movements of
five seven-year-old “dyslexics™ and two
normal readers, who were given a variety
of reading and non-reading tasks. Unfor-
tunately, the subject selection criteria
were not given, four out of five “dyslex-
ics” were on medication, and they only
selectively reported some of the eye
movement reading patterns. However. it
is noteworthy that four out of five (80%)
of their “dyslexics” showed some kind of
sequencing oculomotor problem and er-
ratic eye movements either during read-
ing or non-reading tasks or during both.
They concluded that for some dyslexics
... aprimary eye movement abnormal-
ity may play a contributing role in some
cases of developmental dyslexia.” (p. 20)
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Consistent with the finding of the pre-
viously mentioned studies were also the
results of Goldrich and Sedgwick (1982)
who recorded the eye movements of 15
normal and 16 reading disabled readers
between 7-and 17-years-of-age while they
scanned a variety of non-reading visual
stimuli. They found that the reading dis-
abled subjects differed significantly from
the normal controls. Their conclusion was
that “the findings support the idea that
reduced oculo-motor control may be a
significant factor in reading disability”
(p. 59).

In an effort to explore further the pos-
sible correlates of erratic eye movements
beyond reading, Pavlidis (1981a) com-
pared 12 dyslexics and matched normal
readers. They were tested in a non-
reading task that simulated the sequen-
tial scanning from the beginning to the
end of the line that occurs during read-
ing. Words were replaced with lights.
Children were asked to follow, as quickly
and as accurately as possible, 5 lights that
were equidistantly spaced in a horizontal
array. They were illuminated sequentially
and each stayed on for a second except
that the two extreme lights stayed on for
2 seconds. The process started on the
extreme left light and each lit up in turn
until the extreme right light was lit, then
the reverse sequence was completed. As
they followed the lights, their eye move-
ments were recorded.

Dyslexics made significantly more eye
movements than the matched normal
readers. Their most prominent difference
was again found to be in the number of
regressions (Pavlidis, 1981a).

Since this original study, a few studies
were carried out using seemingly similar
but essentially different testing proce-
dures, stimuli, and subject selection cri-
teria. So, the findings of these studies
have been different. For instance, Stanley
et al. (1983), Brown et al. (1983) and
Olson et al. (1983) compared learning
disabled readers of varying disability with
matched normal readers. They did not
find significant differences between the
two groups. Pavlidis (1983a, in press a.)
attributed the differing results to four
factors on which these studies differed
from the original: 1) subject selection
criteria; 2) experimental procedures; 3)
data analysis procedures; and, 4) temporo-
spatial characteristics of the sequentially
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Figure 3. Illustrative normal eye-movement record of a 12-year-6-month-old normal reader
with average 1.Q. (a), and an erratic record of a 12-year-6-month-old severe dyslexic with
1.Q. 120 (b) while following the sequentially illuminated lights from left to right and right

——
1 sec

illuminated lights. Pavlidis’ original find-
ings, however, have been supported by
other studies in Europe and the United
States (Cizek and Jost, 1984; Jerabek,
1984; and Mawson, 1984) and they have
also been replicated in our own labora-
tory (Pavlidis, 1981b; 1983c). The re-
sults of these latter studies are also con-
sistent with findings from other studies
that have investigated eye movement pat-
teris of dyslexics in other non-reading
situations (Elterman et al., 1980; Gilbert,
1953; Goldrich & Sedgwick, 1982;
Lesevre, 1964; 1968).

The results of the previous studies do
not exclude the possibility that the dys-
lexics’ erratic eye movements and high
number of regressions are related to the
problems they experience with reading
and to possible bad scanning habits that
may result from them. In order to ex-
plore this possibility, we carried out a
study comparing dyslexics matched for
reading and chronological ages to re-
tarded readers. Although both groups ex-
perience similar difficulties in reading,
the causes are assumed to be different.
For dyslexics, the difficulties are attrib-
uted to brain malfunction, whereas for
the retarded readers they are linked to
psycho-environmental factors (e.g. absen-
teeism, frequent school changes, ermo-
tional instability, and adverse socioeco-
nomic background). If, indeed, their
reading problems are caused by different
factors, then the two groups may exhibit
different eye movement patterns and
characteristics.

The same children that participated in
our previously mentioned reading study
also took part in this study. Dyslexics’

eye movements were compared with those
of matched advanced, normal and re-
tarded readers. The children followed the
same lights under the same conditions as
in our study mentioned earlier (Pavlidis,
1981a). The results of the previous study
comparing dyslexics and matched normal
readers were replicated in this second
study. As during reading, the most strik-
ing differences between dyslexics and all
other groups of readers were found in the
number of regressions. As can be seen in
Fig. 3, unlike the normal reader, the dys-
lexic made many regressions and forward
movements; similar to those he made
while reading. It is noteworthy that the
dyslexic boy made far more small adjust-
ing eye movements and at least in the
four out of five two-second fixations he
broke them into smaller ones (concentra-
tion problems). His tendency to incor-
rectly anticipate the onset of the next
light sharply contrasted to the normal
reader’s consistently accurate fixations of
the lights. .

Dyslexics and retarded readers had
highly significant differences in almost
all eye movement variables, whereas the
performance of retarded readers was not
significantly different from that of nor-
mal or advanced readers. There was little
overlap between dyslexics and all other
readers in the number of their regres-
sions. As shown in Table 1, dyslexics
made a similar percentage of regressions
while following the sequentially illumi-
nated lights as they did during reading
the easy text. On the other hand, as
expected, the percentage of regressions
for retarded, advanced, and normal read-
ers dropped significantly from reading to
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TABLE 1
Percent of Regressions while reading
and while following lights
% %o
Groups Regressions | Regressions
of Reading Following
Readers at RA Lights
Dyslexics
X 340 29.9
SD 8.0 8.1
Retarded
Readers
X 22.9 9.8
SD 8.3 100
Normal
Readers
X 20.8 6.8
SD 6.8 9.4
Advanced
Readers
X 18.0 8.4
sD 8.4 114

non-reading tasks because there is no
high level information processing in-
volved in the light-following task.

A discriminant analysis was used to
reclassify children as dyslexic, retarded,
normal, and advanced on the basis of the
number of percentage of eye movements
made while following the sequentially
illuminated lights. The results of this
classification were compared with the ini-
tial classification made on the basis of
the exclusionary criteria mentioned earli-
er. The agreement between the two meth-
ods of classification was very high (93.2%)
when the children were divided into
groups of dyslexic and non-dyslexic
readers.

These results suggest that dyslexics,
unlike other non-dyslexic readers, have
primary central problems independent
from reading. The non-dyslexic groups
were indistinguishable from each other
on the basis of their eye movement char-
acteristics. This suggests that the reading
problems of most of our retarded readers
are secondary to psycho-socio-educational
factors.

It is noteworthy that a small percentage
of retarded readers had “dyslexic like”
eye movements and the discriminant anal-
ysis classified them as dyslexics. This
important finding was expected, because
some children classified as retarded read-
ers on the basis of psycho-socio-educa-
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tional factors can be dyslexics who also
happened to have emotional problems, to
come from adverse socioeconomic back-
grounds, and to have a high level of
absenteeism and/or to have experienced
many school changes.

CONCLUDING REMARKS

Controversy often is a positive factor
for the advancement of knowledge. Too
much of it, however, can be taken as a
sign of an immature science. Dyslexia
has had a great deal of controversy over
the years. It may be time to pinpoint the
main sources of this controversy and then
take the appropriate steps to reduce it.
The main sources of controversy are the
following: 1) the lack of a positive defini-
tion of dyslexia; 2) the lack of research
diagnostic criteria for dyslexia (they have
to be quantifiable and much stricter than
the clinical ones); 3) the highly variable
and inadequately described populations of
the experimental and control groups; 4)
the unspecified and sometimes question-
able experimental procedures; and 5) the
different standards employed for data
analysis.

The adoption of well specified stan-
dards for the study of dyslexia will be a
first positive move in the right direction.
Such standards will allow a meaningful
comparison of the results of the various
studies, as they will help clarify who and
what we study. Pavlidis (1983b), among
others, has proposed a set of quantifiable
research diagnostic criteria for dyslexic
subjects and for their matched controls.
The adoption of comprehensive quantifi-
able criteria could lead to the formation
of more homogeneous groups, with less
overlapping between them. This, in turn,
can lead to a higher quality of research
studies and “cleaner” and more directly
applicable data. It will further facilitate
the search for subtypes in dyslexia.

The main conclusions that can be
drawn from the eye movement studies of
dyslexia are the following:

1. The dyslexics’ erratic eye move-
ments found during reading are not
solely caused by the problems they
have with reading. In fact, they are
relatively independent of the read-
ing material.

2. The results of the non-reading tasks
further demonstrate that the dyslex-

L. Dicdataw )

ics’ erratic eye movements are due
to a brain malfunction(s) yet to be
determined.

3. The comparison of dyslexics, ad-
vanced, normal and retarded read-
ers shows that eye movement pat-
terns and characteristics in the
non-reading “lights” test can dif-
ferentiate dyslexics from these
groups of readers.

The results of non-reading tasks in-
volving sequencing (Zurif & Carson,
1970) are in agreement with those ob-
tained in the sequential non-reading eye
movement studies previously reviewed.
These results draw further support from
recent neurological findings. Ojemann
and his colleagues (Calvin & Ojemann,
1980; Ojemann & Mateer, 1979), using
brain stimulation techniques, have found
that rapid, nonverbal facial sequential
movements, phoneme identification, read-
ing, and naming share the “same” area
of the language cortex. Hence, it is rea-
sonable to expect that when one of these
functions is disturbed, the others can be
affected as well. These results support
my view that language dysfunctions
(Liberman, 1983) and rapid, automated-
sequencing problems are frequently
linked. It is thus possible that in many
dyslexics, erratic eye movements and lan-
guage problems can be the epiphenomena
of the “same” or independent but parallel
brain problems.

It is important, from the treatment
point of view, to determine the causes of
erratic eye movements (Pavlidis, in press
a, b). For the diagnosis of dyslexia, how-
ever, it is not important to know whether
erratic eye movements are the cause or
the effect of dyslexia or if erratic eye
movements and dyslexia share a common
or independent but paralle]l cause. In all
four cases, though in different ways, the
erratic eye movements will be linked to
dyslexia. It must be emphasized, howev-
er, that the knowledge of the causes of
the dyslexics’ erratic eye movements and
their relation to dyslexia can lead both to
a more effective diagnosis of dyslexia
and also to the discovery of appropriate
educational methods of treatment. At the
very least, this knowledge would indicate
which methods should not be used for
the treatment of certain dyslexics.

The advantage of non-reading eye move-
ment tasks is that they take only a few
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minutes to administer and automatically
analyze. The screening of whole school
populations becomes feasible, and hence,
the prevalence of dyslexia in the general
population could be objectively assessed
and accurately estimated. For such an
estimation to be more accurate, the pos-
sible prevalence of erratic eye movements
among neurologically impaired individu-
als, without reading problems, can also
be established. It is also necessary to
establish norms and the percentage of
false positives and negatives. This study
is already undertaken by the author.

A diagnostic test of dyslexia based on
non-reading tasks is independent of read-
ing skills, and thus, it may be used
internationally even before reading age,
if dyslexics’ brain malfunctions exist be-
fore reading age. The limits of its predic-
tive value could be determined by the
outcome of developmental investigations
of the development of the functions/skills
under study and their relationship to read-
ing achievements.

An early diagnosis of dyslexia is use-
ful for a number of reasons. On the one
hand, the earlier the diagnosis the greater
the possibility of ensuring maximum ad-
vantage of the plasticity of the brain
either by energizing its “dormant” cir-
cuits or by forming new ones through
educational remediation or medication.
On the other hand, early diagnosis will
also increase the chances of ameliorating
the debilitating educational and psycho-
social consequences of dyslexia.

REFERENCES

Anderson, 1 H Studies in the eve movements of
good and poor readers. Psychology Monograph,
1937, 48, 1-35.

Andriessen, J J. & DeVoogd, A.H Analysis of exe
movement patterns in silent reading IPO Annual
Progress Report, 1973, 8, 30-35

Bala, S P, Cohen, B, Morrs, A.G , Atkin, A.,
Guttelman, R, Kates, W Saccades of hyperactive
and normal bovs during ocular pursuit Devel-
opmental Medicine and Child Neurology, 1981,
23, 323-336

Bayle, E The nature of causes of regressive move-
ments n reading Journal of Expertmental Edu-
canon, 1942, 11, 16-36

Benton, A.L Developmental dvslexia's neurologi-
cal aspects In WJ Friedlander (Ed) , Advances
In Neurology (Vol 7) New York Raven, 1975

Brown, B, Haegerstrom-Pormoy, G . Adams, A J |
Yinghng, C.D , Galin, D, Herron. J . Marcus.
M Predictive eve movements do not discriminate
between dvslexic and control children Neuro-
psvchologia, 1983, 21, 121-128

Volume 18, Number 1, January 1985

Calfee, R Cogmitive models of reading implica-
tions for assessment and treatment of reading
disabilitv. In R.N. Malatesha & P.G  Aaron
(Eds.), Reading Disorders: Varienes And Treat-
ments. New York: Academic Press, 1982

Calvin, H & Ojemann, G A Inside The Bran
New York- Mentor, 1980

Ciuffreda, K J, Bahill, AT, Kenvon, RV, &
Stark, L Eye movements during reading: case
reports  American Journal of Optometry and
Physiological Opuics, 1976, 53, 389-395.

Cizek, O., and Jost, J Eye movements, dyslexia
and child development. Prepublication manu-
script, Praha, Czechoslovakia, 1984

Coakley, D. & Thomas, J.G The ocular micro-
tremor record and the prognosis of the uncon-
scious patient Lancet, 1977, 1, 512-515.

Corkin, §. Serial-ordering deficits in inferior read-
ers. Neuropsvchologia, 1974, 12, 347-354.

Corvera, J., Torres Courney, G, Lopez-Rios, G
The neurootological significance of alterations of
pursuit eye movements and the pendular eve track-
ing test. Annals of Otology, Rhunology and Lar-
vngologyv, 1974, 82, 855-867

Cruchley, M. Dyslexia. an overview. In G. Th
Pavlidis & T R. Miles (Eds.) Dyslexia Research
And Its Application To Education. London. J.
Wiley & Sons, 1981.

Duffy, F.H . Denckla, M.B , Bartels, P.H ,
Sandimi, G., & Kiesshng, L S. Dyslexia Auto-
mated diagnosis of computerized classification of
brain electrical actvitv. Annals of Neurology,
1980, 7, 421-428.

Denckla, M B. Mimimal brawn dysfunction and dys-
lexia. In M .E Blaw, I. Rapin, & M. Kinsbourne
(Eds) , Child Neurology. New York: Spectrum,
1977, 243-261.

Dobbins, D A The prevalence and characteristics
of children with specific learmng disabilines
Final report, Dept of Education and Science
London, England, 1984

Dowring, J. & Thackray, D Reading Readiness.
London Hodder and Stroughton. 1975

Ellis, N., & Miles, TR. A lexical encoding defi-
ciency 1. experimental evidence In G. Th
Paviidis & TR. Miles (Eds ), Dyslexia Research
And Its Applicanons To Education London J
Wiley & Sons, 1981

Elterman, R.D , Abel, L.A , Daroff, R B , Dell’ Osso,
S F., & Bornstein, J L. Eve movement patterns
in dyslexic children. Journal of Learmng Disabili-
nes, 1980, 13, 16-21.

Epsten, HT EEG developmental stages Devel-
opmental Psychobiology, 1980, 13, 629-631

Freeman, F N Chinical study as a method in exper-
imental education Journal of Apphed Psvchol-
ogy, 1920, 4, 126-141

Galaburda, AM , & Kemper, T L Cvtoarchitectontc
abnormalities 1n developmental dyvslexia A case
study. Annals of Neurology, 1979, 6, 94-100.

Galaburda, A M Ammal studies and the neurology
of developmental dyslexta In G Th Pavhidis &
D. Fisher (Eds ) Dyslexia Neurophvchology And
Treatment. London, J Wiley and Sons (in press)

Geschwind, N Biological foundanons of dvslexia
Paper presented at the Brinsh Psychological So-
cien’s International Conference on Dyslexia
Manchester University, England, March 1-3,
1982

Cobvriaght © 2001 All Riahts Reserved

Gulbert, L.C. Functional motor efficiency of the
eyes and s relation to reading University of
California Publications in Education, 1953, 11,
159-231.

Goldberg, HK., & Arnott, W. Ocular motility n
learning disabulinies. Journal of Learming Disa-
bilities, 1970, 3, 160-162

Goldrich, S.G. and Sedgwick, H. An objective
comparison of oculomotor functioning in reading-
disabled and normal children. American Journal
of Optometry and Physiological Optics, 1982,
82, 59.

Gray, W.S The dwagnostic study of an individual
case n reading Elementary School Journal,
1921, 21, 577-594.

Griffin, D.C , Walton, H.N , & Ives, V. Saccades
as related to reading disorders Journal of
Learning Disabilities, 1974, 7, 310-316

Heiman, J R., & Ross, A.O. Saccadic eye move-
ments and reading difficulties. Journal of Ab-
normal Child Psychology, 1974, 2, 53-61

Hildreth, G.H. Early wrinng as an aid to reading
Elementary English, 1963, 40, 15-20

Hollander, H.E Learming disability among seri-
ously delinquent youth: a perspective In G Th
Pavidis & D Fisher (Eds.), Dyslexia- Neuro-
psychology And Treatment. London, J. Wiley and
Sons (in press)

Holzman, P.S., Levy, D.L., Proctor, L.R. Smooth
pursuit eye movements, attention, and schizophre-
ma. Archives of General Psvchiatry, 1976, 33,
1415-1420

Hue, E.B The Psychology And Pedagogy Of Read-
ing. New York. Macrullan, 1908

Hughes, J R. The EEG and reading disorders. In
RN Malatesha & P.G. Aaron (Eds ), Reading
Disorders: Varieties And Treatments. New York
Academic Press, 1982

Jerabek, J A contribution to analysis of eve move-
ment disorders in dyslexics. Prepublication manu-
script, Praha, Czechoslovakia, 1984

Just, M.A., & Carpenter, P.A Interference processes
during reading - Reflections from eve fixations. In
J W. Senders, D.F. Fisher, & R A Montv (Eds ),
Eye Movements And The Higher Psychological
Functions  Hillsdale, New Jersey. Erlbaum,
1978.

Leary, PM , & Batho, K. The role of the EEG n
the investigation of the child with learming dis-
abuity  South Africa Medical Journal, 1981,
867-868

Lefton, L.A . Lahev, BB, & Stagg, D.I Eve
movements in reading disabled and normal chil-
dren: A study of svstems and strategies Journal
of Learming Disabihnies, 1978, 1, 22-31

Lesevre, N. Les mouvements ocularres d’ exploranon.
Etude electro-oculagraphique comparee d enfants
normaux et dvslexiques These de 3 cvcle (ronee),
1964

Lesevre, N. L'orgamisation du regard chez des
enfants d’age scolarre. lecteurs normaux et
dvslexiques Rev. de Neuropsychiat Infant , 1968,
16, 323-349

Liberman. 1.Y. Linguistic abiliies and reading-
spelling instruction  Paper presented at the 2nd
World Congress on Dyslexia, Halkidiki, Greece,
June 27-30, 1983

Llovd, P & Pavhidis, G Th. Child language and eve
movements, The relanve effects of sentence and

49



situation on comprehension in young children.
Bullenn of British Psychological Society, 1978(a),
31, 70-71.

Lloyd, P. & Pavlidis, G.Th. The relationship be-
tween child language and eve movements: A de-
velopmental studv. Neuroscience Letters Supple-
ment, 1978(b), 1, 248.

Mackworth, N.H., & Bruner, J. How adults and
children search and recogmze pictures. Human
Development, 1970, 13, 149-177.

Masland, R L., Neurological aspects of dyslexia.
In: G.Th. Pavlidis, and T.R. Miles, (Eds.) Dys-
lexia research and its applications to education
London, J. Wiley and Sons, 1981.

Mawson, B. Eve movements and dvslexia. Informal
presentanon at the British Psychological Soct-
ety's International Conference on Dyslexia, Man-
chester Unwersity, England, March 1-3, 1982
Also personal commurnication April, 1984.

Ojemann, G. & Mateer, K. Human language
cortex. Localization of memory, syntax, and se-
quential motor-phoneme dentification systems.
Science, 1979, 205, 1401-1403

Qlson, RK., Klegl, R, Davidson, B.J Dyslexic
and normal readers eve movemetns. Journal of
Experimental Psychology: Human Perception And
Performance, 1983, 9, 816-825

Pavlidis, G.Th. The dyslexic’s erratic eve movements.
Case studies Dvslexia Review, 1978, 1, 22-28.

Paviidis, G Th. How can dyslexia be objectively
diagnosed” Reading, 1979, 13, 3-15.

Paviidis, G Th Do eve movements hold the key to
dvslexia? Neuropsychologia, 1981(a), 19, 57-64
Pavlidis. G Th. Sequencing, eve movements and the
early objective diagnosis of dvslexia. In G.Th.
Pavlidis & TR Miles (Eds ), Dvslexia Research
And Its Applications To Education London: John

Wilev & Sons, 1981(b)

Paviidis, G.Th . & Miles, TR (Eds.), Dyslexia Re-
search And Its Applications To Education Lon-
don. John Wiley & Sons, 1981(b).

Pavlidis, G Th Erratic sequential eve movements in

dvslexics Comments and reply to Stanley. et al
Briish Journal of Psvchology, 1983(a), 74,
189-193.

Paviidis, G.Th. Research diagnostic criteria for
dvslexia. Their rationale Paper presented at the
2nd World Congress on Dyslexia. Halkidiki,
Greece, June 27-30, 1983(b).

Paviidis, G.Th Can dvslexia be differentially diag-
nosed from other tvpes of reading retardation by

50

eye movements? Paper presented at the 2nd World
Congress on Dyslexia, Halkidiki, Greece, June
27-30, 1983(c).

Pavlidis, G.Th. The role of eye movements in the
diagnosis of dyslexia. In. G.Th. Pavlidis and D
Fisher (Eds.) Dyslexia: Neuropsychology and
treatment. London: J. Wiley & Sons, in press
{a).

Pavlidis, G.Th. Eye movement differences between
dyslexics, normal and retarded readers while
sequentially fixating digits. American Journal of
Optometry and Physiological Optics, in press
(b).

Pirozzolo, F.J., & Rayner, K The neutral control
of EMs in acquired and developmental reading
disorder. In: H Avakian-Whitaker & H.A.
Whitaker (Eds)., Advances in Neurolinguistics
and Psycholinguistics. New York: Academic
Press, 1978

Rubino, C.A., & Minden, H.A. An analysis of eye
movements in children with a reading disability
Cortex, 1973, 9, 217-220.

Rudel, R.G. Learning disability: diagnosis by ex-
clusion and discrepancy. Journal of the Amer:-
can Academy of Child Psychwatry, 1980, 53,
547-569.

Rutter, M. & Yule, W. The concept of specific
reading retardation. Journal of Child Psychology
and Psychiatry, 1975, 16, 181-197.

Schiffman, G. (Cited in. Goldberg, HK., 1968.)
Visual perception and related facts in dyslexia. In
A.H. Keeney and V.T. Keeny (Eds.), Dyslexia,
Diagnosis and Treatment of Reading Disorders.
St. Lows: C.V Mosby Co , 1968.

Schwartz, A.H., Pavlidis, G.Th., Hollander, H E ,
and Goldstein, L. Relation between pursuit eye
movements and computerized EEG in schizo-
phrenic in-patients Paper presented at the An-
nual Meeting of the American Psychiatric Asso-
ciation, Los Angeles, Mav, 1984

Shagass. C., Roemer, R.A., Amadeo, M Eye-
tracking performance and engagement of atten-
tion. Archives of General Psychiatry, 1976, 33,
121-125

Solan, H. Deficient eye-movement patterns in
achieving high school students® Three case stud-
ies. Journal of Learning Disabilities, (in press)

Stanlev, G., Smith, G.A., Howell, E.A Eye move-
ments and sequenual tracking in dyslexic and
control children. British Journal of Psychology,
1983, 74, 181-187.

Stockwell, C.W , Sherard, E.S., & Schuler, J.V.
EOG findings in dyslexic children. Transactions
of the American Academy of Ophthalmology and
Orolol., 1976, 82, 239-243.

Symmes, J.S., & Rapoport, J.L. Unexpected read-
ing failure American Journal of Orthopsychia-
try, 1972, 42, 82-91.

Taylor, S.E., Franckenpohl, H. and Perte, J.L.
Grade level norms for components of the funda-
mental reading skills, EDL. Information Research
Bulletin, 3, Huntington, New York: Educ. Devel.
Labs., 1960.

Tinker, M.A. Recent studies of eye movements in
reading. Psychological Bulletin, 1958, 55, 215-
231

Vernon, M.D. Reading And Its Difficulties. Cam-
bridge: Cambridge University Press, 1971.

Von Noorden, G.K., Thompson, H.S., Van Allen,
M.W. Eye movements in myotonic dystrophy: An
electrooculographic study. Investigative Ophthal-
mology, 1964, 3, 314-324.

Vurpillot, C The Visual World Of The Chud. Lon-
don: George, Allen and Unwin, 1976.

Zangwill, O.L., & Blakemore, C. Dyslexia: Rever-
sal of EM during reading. Neuropsychologia,
1972, 10, 371-373.

Zurif, E.B. & Carlson, G. Dyslexia in relation to
cerebral dominance and temporal analysis. Neuro-
psychologia, 1970, 8, 351-361

ABOUT THE AUTHOR

George Th. Pavhdis received his Ph.D. from the
Department of Psychology, University of Manches-
ter, England. He is currently Director, Dyslexia
and Eye Movement Project, and Visiting Associate
Professor of Pediatrics at UMDNJ-Ruigers Medical
School, Piscataway, NJ 08854, USA.

ACKNOWLEDGEMENT

I wish to thank Dr Norman Geschwind for suggest-
ing alternative explanations of the relationships
between erratic eye movements and dyslexia, Dr.
Joseph Torgesen for his constructive comments on
the original manuscript and my wife Litsa Pavidis
for patiently typing this paper. Research grants
HR8PP31 and HR6057 from the Sociwal Science
Research Council (England) and Barnes-Hind
(USA) to the author are acknowledged.

Journal of Learming Disabiliies

hi.S2004 0L g lo ke i {
1 npiepaprpepanienparnai TS VU



