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ABSTRACT

A new test designed by us, the fonn—tesolving field (FRF), measures the recognition of
letter pairs presented tachistoscopically in the visual field. It distinguishes reliably
dyslexics from ordinary readers by significant and characteristic differences in the regions
of best recognition. We show that these regions define distributions of lateral masking,
and that each distribution represents a learned task-determined visual strategies. Then we
show that dyslexics can learn a new visual strategy by a simple regimen of practise.
Improvement in reading is rapid and is attended by change in the FRF to resemble that of
ordinary readers.

A manuscript submitted to Dyslexia: An International Journal of Research and Practice
(Jan 5. 1995)
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I. INTRODUCTION

Dyslexia is an unexplained retardation of reading skill in spite of dedicated tutoring.
By all measures of intelligence and of clinical optics the dyslexic should be able to read, but
doesn't, and somehow seems unable to leam' how to read efficiently. Some organic
pathologies have been correlated with dysiexia and a few have been proposed as causal
(e.g. Denkla 1977, Galaburda and Kemper 1979, Gaiaburda et al. 1985, Geschwind and
Behan 1982, Livingstone et al. 1991). But their diversity suggests that they are, at best,
only contributory factors. Dyslexia as a symptom is uniquely expressed although it shows
variations in detail. Therefore our approach to dyslexia considers different variants in the
process of seeing such as are involved in reading. Le. there should be some measure,
independent of reading, that suggests an immediate basis for the symptom whatever the
remote causes.

Although dyslexia is presently thought to be mainly a problem of language ability,
especially phonemic awareness (e.g. Liberman 1971, 1982, Liberman et al. 1974,
Lundberg 1982, 1989, Olson et al 1989,Zurif and Carson 1970), several studies in visual
perception have shown consistent differences between dyslexics and ordinary readers (e.g.
Di Lollo et al. 1983, Fowler et at. 1990, Lovegrove et al. 1980, 1986. Stein and Fowler
1981, Williams et al. 1990). The problem as we see it is not at a level of optical image
formation or early visual processing but seems to be at the level where seen things are
either coherently arranged into forms or perceived merely as collections of parts. There is
every reason to belie(re dyslexics who say that the text and letters "are all over the place”,
thereby signifying the absence of coherent spatial ordering of the seen parts. We also
suggest that what we find in vision may have its analogies in other perceptual modes and
that distinction versus indistinction in perception is an issue in the temporal domain as well
(e.g. Tallal and Katz, 1989). )

Bouma and Legein (1977) have shown that dyslexics are worse at recognizing

strings of letters than are ordinary readers when the strings are presented at or near the



center of guze. However both groups recognized equally well single letters presented at the
same locations. That is, optical acuity and recognition of single letters at or near the center
of gaze are similar for both groups. But when letters are presented as strings they interfere
with the perception of one another, and this influence is more marked for dyslexics than for
ordinary readers at these central locations in the visual field. Such latera! interaction, are
known in the literature as lateral masking (e.g. Bouma 1970, Mackworth 1965, Townsend
1971, Wolford and Chambers 1983) or "crowding" (e.g. Atkinson et al. 1988). Figure 1
gives a demonstration of lateral masking.

In a visually guided task, parts of the visual field which are important for doing the
task, have distinct vision and forms are salient there. In the rest of the visual field forms
are indistinct and seem to be reduced to textures. In earlier studies (Geiger and Lettvin
1989, 1993; Geiger et al. 1992) we suggested that lateral masking is the operation that
reduces forms to texture, i.e. to a spatially indistinct perception of seen parts. We also
suggested that for different tasks there are different complementary distributions of spatially
distinct versus indistinct regions of vision. We called each such distributi&n a visual
strategy, considered that there are many different task-determined visual strategies, and
suggested that a visual strategy is learned by practise of the task. |

What is meant by a strategy? A simple example will suffice. In driving a car you
" have the experience of either attending broadly to the traffic by peripheral vision in which
case you are not aware of the details on which your gaze is fixed, or else attending to
detailed structures at the center of gaze in which case you are not keenly aware of the traffic
around you. In either instance what is attended has form, what is unattended has only
texture - a collection of attributes without distinct form. Each strategy is defined by the
distribution of lateral masking. The masking is in the periphery if you are concerned with
details in the center of vision, and is in the center if you are concerned with what is

happening in the periphery.



In order to describe the regional distribution of lateral masking in the task of reading
we designed a test called the form-resolving field (FRF) (Geiger and Lettvin, 1987, 1989)
which mensures letter pair recognition under tachistorcopic presentation.

In Experiment I we first establish the perceptual differences between dyslexics and
ordinary readers in terms of distributions of lateral masking as measured by the FRF test.
We then show in Experiment II that the distribution of lateral masking for dyslexics is
dependent on the direction of reading the language, an intentional factor which determines
the strategy they use. In Experiment IIl we show a change of distributions (visual
strategies) within one individual at different times. The subjects in this experiment are
ordinary readers for part of the day and dyslexics otherwise, suggesting that dyslexia is not

a fixed symptom. These experiments (L, I, and II) lay the ground for the hypothesis that
the distribution of lateral masking is learned. We put this hypothesis to test in Experiment
IV - where a few adult severe dyslexics learned a new visual strategy for reading - and in
Experiment V - a controlled experiment on 15 dyslexic children who also learned a new
visual strategy for reading. In both experiments the change of strategy was accompanied

by change in distribution of lateral masking.

2. GENERAL METHODS
2.1. The apparatus and stimuli for the FREF test.
Three slide projectors, equipped with flat field lenses and electrically activated

shutters (Vincent Associates), back-projected images of letters on a diffusing screen. The

angement served as a wide-screen tachistoscope. Each of the projectors gave uniform
juminance of 180 cd/m2 (1700 cd/m?2 for experiment V) +10% across the whole screen.
The first projector carried a slide with a central fixation point. The second carried the
stimulus slide. The third carr;acl,d a blank "eraser” slide. The order of presentation of the
slides on the screen and the duration of presentation was controlied by an electronic timer.

It adjusted the openings and closing of the shutters to minimize transitional changes in



fuminance on the screen between presentations. Stimulus durations were adjustable over
the range of 1.6 ms to 150 ms. The screen was 49 cm wide and 32 cm high corresponding
to 399 of visual angle horizontally and 26° vertically from an observation distance of 69
cm.

Each stimulus slide carried two letters, one in the center at the location of the
fixation point and the other in the periphery. The stimuli were divided into 5 groups. In
each group the letters in the periphery werc at a fixed angular horizontal distaﬁce from the
fixation point at the center. The angles used were from 2.5 to 12.59 in 2,59 steps. Each
group contained 20 slides, no two alike in the letter pairs used. In half of them the
peripheral letter was to the left of the fixation point and in half to the right (i.e. there were
10 slides at each eccentricity). They were presénted in a random order. This procedure
helped observers to maintain central fixation and reduced the bias of expectation of
appearance (Geiger and Lettvin, 1989, Geiger et al., 1992). The two letters in each
stimulus presentation were different, and were chosen from a fixed set of 10 upper-case
Helvetica-medium letters (1, S, C, 0, V.M, NE, T, H). The letter height subtended 35
min of visual arc, and letter contrast was 90%. Each letter appeared once at each of the

eccentric visual field positions, and twice at the central position.

'2.2. The procedure for the FRF test.

The subject was seated 69 cm away from the screen in a dimly lit room. A fixation
point was projected on the screen. The subject was asked to look at the fixation point.
Shortly after a verbal waming the stimulus slide was briefly projected (replacing the
fixation point slide) and followed by a blank eraser slide which was projected for 2.5 s.
The subject was asked to name the letters in the stimulus slide and their relative position.
This cycle was repeated until all 100 stimpilus slides had been presented. Then the average
letter recognition for each eccentricity was calculated and plotted to give the FRF plot. The

average recognition of the letter at the center was also taken and numerically recorded.



Prior to the test itseif the effective stimulus duration, i.e. the time between the offset
of the fixation point slide and the onset of the eraser slide, was determined for each subject
separately. In this pre-test procedure, various stimulus durations were tested with samples
of letter pairs which had the peripheral letters at different eccentricities, until a stimulus
duration was found in which the correct letter identification reached just bzlow [00% for
that eccentricity of the peripheral letter where recognition was best. We refer to this
procedure as auto-scaling. Once the appropriate stimulus duration was found it was kept
constant during the test and for all subsequent FRF tests on the same subject.

The plot of correct recognition of the peripheral letters as a function of their
eccentricity is the form-resolving field (FRF) along the horizontal axis. The score of

recognition of the letter at the center is given numerically but not shown on the plots.

2.3. Subjects

The subject group will be described for each experiment below.

3.1. EXPERIMENT I  Perceptual differences between adult dyslexics and adult ordinary
readers as measured by the FRF test. '

The first systematic test we made was a comparison of adult residual dyslexics with
adult ordinary readers (Geiger and Lettvin, 1987). But here we describe first the

comparison between the FRF of adult severe dyslexics and that of adult ordinary readers.

3.1.1 Subjects

The subjects were all English-native adults. Ten of them were severe dyslexics (2
females and 8 males) 18 to 58 years of age, and ten were ordinary readers (3 females and 7
males) 18 to 45 years of age. The severe dyslexics came from the general population and
did not belong to any specially targc‘tLd group. They had been diagnosed as dyslexics by

their neurologists and/or psychologists, prior to calling on us. We designate these subjects



as severe dyslexics because they received no special remediation for at least 3 years before
they came to us, and their reading skills were much below the minimally expected level.
None of the severe dyslexics had any known neurological impediments or any uncorrected
refractive errors. All had normal comprehension of heard texts or conversations. The

- ordinary readers came from the general university-level student population. All had normal

vision or had been corrected to normad visual ncuity.

3.1.2.Results

After a short interview and assessments of reading skill the subjects were tested for
their FRF's. The average results of the 10 aduit ordinary readers and of that of the 10
adults severe dyslexics are shown in figure 2.

There are significant differences between the groups. The FRF of ordinary readers

falls off monotonically, and is narrow and symmetric to the left and right of the center of

gize nn in suggested by n conelnte of the Aubert-Foerater lnw (1857). "That i, the
recognition of letter pairs for ordinary readers is best when the peripheral letter is near the
center of gaze and diminishes rapidly with eccentricity. On the left side the FRF of the
severe dyslexics is similar to that of ordinary readers but is’not monotonic and is
significantly wider (significance at <5% level) on the right side, and therefore distinctly
asymmetric. Best recognition of the letter pairs on the right occurs when the peripheral
letter is at 50-7.50 eccentricity. Thus the FRF of the severe dyslexics is significantly wider
then that of ordinary readers. Near the center of gaze at 2.5% eccentricity on the right, the
recognition of the letter pairs is significantly lower than at 5° eccentricity (Geiger and
Lettvin 1989, Geiger et al. 1992).

These results suggest that ordinary readers recognize pairs of letters best in and near
the center of gaze. On the other hand, English-native severe dyslexics recognize letters best
away from the center of gaze to the right;\LLe letters mask each other when they are in or

near the center of gaze .



By the auto-scaling procedure stimulus-presentation duration on average was
shorter for ordinary readers than for dyslexics (7.96 ms duration on average for dyslexics
and 5.6 ms on average for ordinary readers) but not significantly shorter.

We also tested this procedure (the FRF) on a small group of subjects using in
addition a computer-driven CRT for comparison. The rt;sults using the CRT were
markedly different from those had with the projectors. The difference between dyslexics

_and ordinary readers were not reliably found with the CRT presentation (see Zeggara-

Moran and Geiger, 1993).

3.1.3. Discussion

Such results show that distinction between dyslexics and ordinary readers can be
reliably made by a non-reading test of visual perception, the FRF. We repeated the
measurements of the FRF on an additional 67 dyslexics native to English, German or
Italian. Their plots wers similar to the plot of the severe dyslexics in figure 2. Similarly,
an additional 56 ordinary readers native to English, German or Italian, were tested and
their FRF's wefe similar to that of ordinary readers shown in the same figure. The
differences in the FRF's between ordinary readers and dyslexics are significant consistent
and easy to‘ show, a property which makes the FRF test an casy, non-reading method for
distinguishing dyslexics from non-dyslexics. |

It is important to note that the FRF does not measure what is usually meant by
visual acuity in the optical sense. Instead the difference lies at a later processing level as
will be discussed presently.

After we introduced the FRF several attempts were made to repeat our findings or
their correlates. In those studies where projective optical displays were used our findings
were verified (Perry et al. 1989 Dautrich 1993). However where CRT displayé were used
(Bjaalid et al. 1993, Gulkasian and King 1990, Klein et al. 1990, Slaghuis et al. 1992), the



differences between dyslexics and ordinary readers were mostly not found, as we had
described earlier.

The FRF plots in our studies were obtained under auto-scaling of the stimulus
duration. However, Perry et al. (1989) have shown that by choosing the presentation
conditions carefully, so as to get below 100% recognition at all eccentricities, they got
results similar to ours. This shows that the FRF does not depend on our auto-scaling
providing only that all the measures have a maximum below 100% correct recognitioﬁ.

We attribute the differences in the shape of the FRF's of dyslexics and ordinary
readers to differences in the distribution of lateral masking. We have shown this more
vividly by measuring recognition of tachistoscopically presented strings of letters: 3 letters
in the right visual field and one letter at the center of gaze. The distance of the strings from
the center was varied from 2.5° to 10° in 4 steps. The distribution of lateral masking for
ordinary readers increased rapidly and monotonically with eccentricity, as suggested in the
literature (e.g. Bouma, 1970). But the distribution for the dyslexics showed masking near
the center and less of it in the periphery compared with ordinary readers, so that it was not
monotonic (Geiger and Lettvin 1987 1989, Geiger et al. 1992). In addition we had shown
in another set of experiments that letters mask themselves (except for I) (Geiger and
Lettvin, 1986). We can conclude that the FRF test measures the distribution of lateral

_masking over the horizontal axis of the visual field.

The FRF of ordinary readers is narrow which indicates that letters are best
recognized in and near the center of gaze and recognition is diminished with eccentricity.'
That implies that a word gazed at is recognized clearly while the surrounding text is
rendered indistinct by lateral masking. That is, ordinary readers are able to perceive
distinctly words in isolation by their forms with little interference from the surrounding
text. Thus, while reading, an ordinary reader can progress from one word to the next
perceiving each word separately. For d;szlexics the situation is different. Letter strings at

the center of gaze are masked (see also Bourna and Legein, 1977) while the letter strings



farther in the right periphery at 50-10° and beyond are less masked, thus keeping a large
region of text salient. As a result dyslexics have great difficulty in perceiving words in

isolation and therefore the process of reading is s0 difficult for them.

3.2. EXPERIMENT IL. Does the direction of reading matter?

The FREF tests described above were performed with subjects whose native
languages are read from right to left (English, Italian and German). The FRF's of
dyslexics, native to these languages, were distinctly asymmetric with wide letter
recognition to the right: the direction of reading these languages. Therefore we repeated the
experiment with persons native to language read from right to left, in order to confirm the

relation between the direction of reading the language and the asymmetry of the FRF.

3.2.1. Subjects

The subjects were all Hebrew-native adults who were exposed primarily to Hebrew
through the first 10 years of their life and who had been taught to read only Hebrew during
the first 3 years at school. All of them had learned to speak English from the 4th year at
school. These subjects came from a background similar to that of the English—natiire
subjects described in experiment I. From this group 5 subjects were dyslexic males 17-28
years of age. They did not receive remedial training at the time of testing but had received
such training within less then 3 years prior to testing. Accordingly their reading levels
were not as low as those of the severe dyslexics. They had been diagnosed as dyslexics by
their respective neurologists and/or psychologists. Their reading was profoundly impaired
but their comprehension of heard texts was normal. Another 5 subjects from the group 2

fernales and 3 males 20-31 yeﬁrs in age) were ordinary readers.
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3.2.2. Results: The FRF of Hebrew-native dyslexics is differs from that of English-
native dyslexics.

After an interview and reading assessments all the subjects were tested for their
FRF's with Hebrew letters as stimuli. As seen from figure 3 the FRF of adult Hebrew-
native ordinary readers is narrow and falls off monotonically with best recognition of letter
pairs in and near the center visual field, similar to that of English-native ordinary readers.
However, the FRF of adult Hebrew-native dyslexics is significantly different from that of
ordinary readers. Recognition of Hebrew letters for Hebrew-native dyslexics extends
further than for ordinary readers in the left visual field but not on the right. This is the
mirror image of the FRF of English-native dyslexic;. Similarly, the FRF of the Hebrew-
native dyslexics is significantly wider then that of Hebrew ordinary readers. The masking
near the center at 2.5 eccentricity to the right is similar for both groups of dyslexics,
Hebrew-native and English-native.

The FRF's of ordinary readers is similar for both the English-native and Hebrew-
native groups. On the other hand, the FRF's of all dyslexics are systematically difterent
from that of ordinary readers in that the FRF of Hebrew-native dyslexics is similar in shape
to that of English-native dyslexics but opposite in direction of the asymmetry. That is, the
wide part of the dyslexic FRF is in the direction of reading. That suggests that the
distribution of lateral masking as measured by the FRF is leamed by experience, and is not
a fixed organic trait since. it depends on the direction of reading. We therefore suggest that

the symptom of dyslexia may be learned.

4. EXPERIMENT 1IL. . Is a dyslexic person always dyslexic? Is ihere,"conditional
dyslexia"?

How varied dyslexia can be is shov‘vn by the following subject who is not an
isolated case. We documented 3 morc-su::h cases and have found a few additional ones

since.
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The subject is an adult man whose profession is in the graphic arts. In the moming
when he is "fresh", he reads easily and well but his artistic skill is not at its best. By
afternoon he feels “tired” and cannot read easily at all . At the same time his graphic skill
improves and he has no trouble at all in pursuing his artistic work. As shown in figure 4
the ERF is that of an ordinary reader in the morning but of 2 definite dyslexic in the
afternoon. 1t is narrow in the morning and shallow and wide in the right visual field in the
afternoon when reading is impaired. The stimulus presentation time was the same for both
measurements. This effect was tested on 3 successive days with similar results. Such
findings demonstrate two points. First, there s an immediate correlation between reading
skill and the shape of the FRF, i.e the distribution of lateral masking. Second, dyslexia

can be a plastic (changing) state rather than a "hard wired” constant state.

5. EXPERIMENT IV. Learning a new visual strategy for reading by dyslexic adults, a
demonstration.

Until now we have described the systematic perceptual differences between
dyslexics and ordinary readers, shown that these differences are dependent on the direction
of reading, and shown that dyslexia can be a conditional state. Sirice we suggest that the
symptom of dyslexia can be jearned we will consider now the systematic changes that
accompany learning a new visual strategy. That is the critical test for the validity of our
approach.

We asked a 25 year old male severe dyslexic, who participated in experiment I and
whose reading level was at about 3rd grade of school, to join in an experiment of learning a
new visual strategy for reading. After reading assessment and the FRF test we suggested a
regimen of practise which consisted of two complementary parts. One was to devote two
hours a day to novel small sdale hand-eye coordination activities like painting, drawing,
clay modeling, etc. For the other part we asked the subject to use a specially designed

mask to be laid on a text. The mask was a blank sheet with a rectangular window, cut to be
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some what larger than a long word in the text. Left of the window and at the optimal
eccentricity determined by his FRF we put a fixation mark. The subject laid this mask on
the text to be read, fixed his gaze on the mark, and was to read the word which appeared in
the window on the right. He was to shift the mask along the text and read it word by
word. In this way the text was masked except for the word in the window. This gave the
subject the possibility to recognize words in isolation at that eccentricity whefe letter strings
were best recognized. The subject did that regimen unsupervised but with occasional

phone calls for encouragement.

Three weeks after he began he called to say that he now saw that words have
forms. Four months after the start of practise we tested him again. His reading had
improved markedly to the level equivalent to 10th grade of school and his FRF had
changed as shown in figure 5. As seen from that figure the FRF had narrowed
significantly and the lateral masking in and near the center was significantly diminished.
Similarly, when we initially measured lateral masking at the center of gaze and near it with
a string of 3 letters in the periphery and one letter at the center, we found strong lateral
masking. The subject was unable to recognize even one letter when the string was at 2.59
to the right, but recognition of the string was at 70% level at 7.5 to the right. After
practise of the regimen the subject recognized over 80% of the letters at 2.5 and 7.5°
eccentricity, under identical conditions (Geiger and Lettvin, 1987, 1989).

We tested the same procedure on another 3 severe dyslexics with similar results.

This report is telling but anecdotal. In the next section we describe a controlled experiment

to demonstrate our point.

6. EXPERIMENT V. Dyslexic children can learn a new visual strategy for readingina
controlled experiment (Geiger et al. l99f§).
6.1.1 Subjects.

13



The subjects were 15 children (3rd - 6th grade) who were diagnosed as dyslexics
and 6 children who were ordinary readers. All came from the public school system in
Tiibingen, Germany. Table | shows the age, sex, handedness, grade, reading level, and
reading retardation of every subject. The 15 dyslexics were later divided into 2 groups: the
"experimental dyslexics” and the "controt dyslexics". The children who were ordinary

readers were tested for reference only.

6.1.2. Procedure.

The initial session of tests included for all subjects:' an ophthalmological
examination, a standardized reading test (Ziiricher Lesetest (ZLT)), a handedness
preference test and an interview. The dyslexic subjects were i:onﬁrmed as such on the
basis of these tests together with the assessment of their intelligence. At the end of these
tests the FRF test was given to every subject. Then the dyslexic children were divided into
two groups. The experimental dyslexic group (9) was given a regimen of practise similar
to the one described in experiment IV, and the control dyslexic group (6) continued the
remedial process offered in their schools. At the end of the initial session all dyslexics
were individually given an explanation of their problem and then encouraged.

After 3 months of practising their respective regimens all the dyslexic children
(from the two groups) were retested for reading and given the FRF test. At the end of this
session the regimen of practise was then given to the subjects in the control dyslexic group.
At the end of 8 months from the initial testing (i.e. 5 months after the second session) all

the dyslexic subjects were retested for reading and given the FRF test.

6.2.1 Results. b}

The results of the initial session of testing as given in Table 1 depict the dyslexics

and establish the difference in reading skills between them and the ordinary readers.
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Before testing the subjects with the FRF the dyslexics were identified as such. Then the
FRF test was given and the results are shown in figure 6. The FREF of the dyslexics is
significantly wider (on both sides) then that of the ordinary readers. At the end of this
session the dyslexic children were divided into two groups, experimental dyslexics and
control dyslexics. As seen in Table 2, the two dyslexic groups were matched ior age,
reading level and degree of reading retardation. Figure 7 shows the averaged FRF plots
separately for the experimental dyslexics énd control dyslexics. The FRF's of both groups
are similar. At the end of the session the regimen of practise (described in detail below)
was given to the experimental dyslexics while the control dyslexics continued their remedial

practices at school.

6.2.2. The regimen of practise

The regimen of practise is similar to the one described for adults in the previous
experiment and has two complementary parts. One part consists of novel, simall-scale
hand-eye coordination tasks like drawing, painting, modelling etc. It was important that
the activity be novel to the child and preferably enjoyable. All kinds of art work and small
scale mechanical constructions (and disassembly) were suggested to this end. Each
dyslexic was asked to engage for about an hour daily in these activities which were to be
performed in a private and unsupervised manner, not in a structured lesson. To motivate
the children to perform this play, it was important that the child initiated and chose the
activities and enjoyed doing them.

The second part of the regimen was to read (recognize) words in isolation. To this
end we asked the children to use our specially designed mask sheet which they laid on the
text to be read. The mask was a blank sheet (some times a colored transparent sheet) as

described in the previous experiment. ]
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6.2.3. Second and third session of testing

Three months after the initial testing was completed the second testing was
conducted. It included reading assessment and the FREF test. In the interview during that
session, we first had to establish whether the child had performed the practise long enough
to be regarded as a subject in the experimental group. That is, the child and the
accompanying person gave estimates of curations of practise. Every subject included in the
experimental group practised for at least 1/2 hour per day, on average, hand-eye
coordination tasks (mostly art-work) in addition to similar work given in school. They also
did at least 1/2 h per day of reading with the mask sheet. The control dyslexics had
continued their remedial procedure given by the school which included additional reading
and writing assignments with syllable awareness training and the use of a fingeras a
pointer in reading.

The results of the second reading test is given in Table 2. The improvements in
reading of every subject in each group and the average of each group are indicated in that
table and are also shown in figure 8. In the 3 months period between testing, every child in
the experimental group who practised the regimen had imﬁfoved by at least 1 grade level.
On average the experimental dyslexics improved by 1.22 grade level. At the same time the
highest improvement rate reached by the control dyslexics was 0.5 grade level. The
average improvement was 0.17 grade level for the group. The FRF's of the experimental
dyslexics taken before practise and after 3 months practise are shown in figure 9. Ascan
be seen the FREF of the experimental dyslexics narrowed significantly on the right side
while remaining the same on the left side. It was now not significantly different from that
of the ordinary readers on the right but it was significantly narrower on the right than the
FRF of the control dyslexics, taken in the second testing session, as shown in figure 10.

At the end of this second session our regimen of practise was then given to the
control dyslexics. Five months later, 8 month from the start, reading levels and the FRF

were retested. The result of the reading tests are given in Table 2. All the dyslexics who
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practised the regimen improved further in reading skills especially the 2 control dyslexics
who did practise (3 of the control dyslexics failed to take the 3rd session of testing and 1
did not practise).

For all the dyslexics who practised the regimen, their reading retardation was on
average only 0.75 grade level below their expected grade levels, reduced from the initial
deficit of 2.5 grade levels. This is on average 1.75 grade level improvement in reading
within 8 months, a rate of improvement larger than that of ordinary reading subjects. At
the end of 8 months, of the 11 dyslexics who practised the regimen 10 could no more be
regarded as dyslexics (as they were 1.3 grade levels or less below their expected reading
level) and only one was still dyslexic (at over 2 grade levels behind the expected level).

The FRF of the control dyslexics who practised had significantly narrowed on the
right side while the FRF of the experimental dyslexics did not narrow further after the

second session of testing.

6.3. Discussion

Comparing the average FRF's of adult dyslexics (Fig.2) and that of the dyslexic
children (Fig. 6) indicates two differences: the masking at 2.5 eccentricity which adults
have is not present in the average of the FRF of children, and the FRF of dyslexic children
is wider than that of ordinary readers on the left side as well as on the right. Although the
asymmetry between right and left side is retained, it is not as pronounced as with adult
dyslexics. These differences may be related to differences of age. But we found that the
remedial procedure that had been given to these children at school (before our experiment)
was to use a finger as marker while reading. We suspect on other observational grounds
that this regimen is conducive to the particular visual strategy represented by the FRF.

Y
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7. GENERAL DISCUSSION.

7.1 The difference between dyslexics and ordinary readers.

Dyslexics and ordinary readers are systematically different under a specific visual
perception test (the FRF) and the difference is in the hemifield corresponding to the
direction of reading. Dyslexics who were first taught to read from ieft to right (English,
German and Italian) have an FRF wider to the right while dyslexics who were first taught
to read from right to left (Hebrew) have an FRF that is wider to the left.

The different shapes of the FRF's between ordinary readers and dyslexics and their
associated distributions of lateral masking indicate how these two groups differ in visual
perception. When ordinary readers gaze at a word, the letters comprising the word mask
each other very little but the surrounding text away from the direction of gaze is strongly
masked. On the other hand when dyslexics gaze at a word the letters in and near the center
of gaze mask each other. At the same time this lateral masking is relieved in the near
periphery in the direction of reading. As a result they perceive a large portion of the
surrounding text, since it is poorly masked. Hence they do not perceive words in isolation
as ordinary readers do. Consequently dyslexics do not recognize well the forms of words,
cannot isolate words adequately; the text seems to be seen “all at once™ as they say.

Our approach was to look at the symptom of dyslexia rather then its cause, and to
describe a non-reading test by which dyslexics differ from ordinary readers. As we have
shown in Experiments I, Il and V all dyslexics, individually and on the average,
significantly differ in the FRF piot from ordinary readers and vice versa. We have not
chosen the dyslexics we measured and we had over 70 of them. Therefore we can suggest
with confidence that the FRF reliably discriminates dyslexics from ordinary readers.
Among the dyslexics we measured were different types of dyslexics (whether those of
Boder (Boder, 1973) or those of B‘akker (Bakker, 1972)). However they all had similar

FRF's.
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7.2. Learning a visual strategy for reading.

As shown in Experiments IV and V dyslexic adults and children are able to leamn a
new visual strategy which improves reading skills. This learning accompanies the practise
of the regimen we suggested. Although the regimen resembles some earlier developmental
type of motor skill training (Frostig and Horn 1964, Lewis 1968) it is task specific and
based on the formation of a new visual strategy operationally defined by the task as
suggested by Held and his colleagues (Held and Gotlieb, 1958, Held and Hein 1958) and
.by Kohler (1962). |

The practise of the novel small scale hand-eye coordination tasks provides exercise
for the making of new visual strategies through coordination of somatic sensory-motof
control with visual control. At the same time the peripheral reading through the window
provides blanking of the text surrounding the words and so enables the perception of
isolated words as distinct forms in that region of the visual field where lateral masking for
them is least. This ensures that the new practise does not clash with an entrenched existing
strategy of masking in the center and permits the continuation of play to establish a new
strategy for a novel task. ‘

Such a regimen is simple and inexpensive. Its importance for children lies in its
providing of a motivating drive to learn further. It is motivating because the regimen is
unsupervised and involves non-reading work (art etc. ) where success is easier to attain.
The presentation of words where masking is least, allows their forms to be seen. Once the
forms of words are known, the subject knows "what to look for" in the center of gaze. In
cursive reading there must be the clear concept of a word as a visual form corresponding
with a word in language.

This regimen resulted in a rapid improvement of reading skills, in many cases to
competent reading at the expected level a¥ dictated by age or grade. With children, once
they Jearned the strategy it remained with them. However, adults have to practise to

maintain reading level. With the learning of the new visual strategy by English-native and
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German-native dyslexics the FRF on the right side narrowed significantly. Whea some of

the adult dyslexics stopped the practise their reading skills deteriorated and the FRF

widened again.

7.3 Conclusions.

-Dyslexic persons differ in their FRF's from ordinary readers in a systematic way.

_The difference indicates different distributions of lateral masking.

“There is a narrow unmasked region in the center of gaze for ordinary readers.

“There is a wide relatively unmasked region in the periphery (in the direction of reading) for
dyslexics along with masking at the center of gaze.

_The different distribution of lateral masking in the dyslexic is the putative cause for reading
difficulties.

“The distribution of lateral masking is learned.

_There is a way to teach dyslexics a new visual strategy for reading.

R

20



REFERENCES

Atkinson, J., Anker, S., Evans, C., Hall, R. and Pimm-Smith, E. (1988). Visual acuity
testing of young children with the Cambridge crowding cards at 3 and 6 m. Acta

Ophthalmol. (Copenh) 66 , 505-508.

Aubert, H. and Foerster, (1857) Beitraege zur Kenntniss des indirecten Sehens, Graefes

Archiv Ophthalmol., 3, 1-47.

Bakker, D.J. (1972) Temporal order in disturbed reading. Rotterdam: Univeristy Press.

Bjaalid, I-K, Hoien, T., and Lundberg, L., (1993). Letter identification and lateral
masking in dyslexics and normal readers. Scan. J. Ed. Res. 37, 151-161.

Boder, E. (1973) Developmental dyslexia: A diagnostic approach based on three atypical
reading patterns. Dev. Med. Child Neurol., 15, 663-687.

Bouma H. (1970). Interaction effects in parafoveal letter recognition. Nature 226 177-

178.

Bouma, H. and Legein. Ch. P., (1977). Foveal and parafoveal recognition of letters and
words by dyslexics and by average readers, Neuropsychologia, 13, 69-80.

Dautrich, B. (1993). Visual perceptual differences in the dyslexic reader: Evidence of

.i!
greater visual peripheral sensitivity to color and letter stimuli. Percept. Mot.Skill 76, 755-

764.

21



Denckla, M. (1977). Minimal brain dysfunction and dyslexia: Beyond diagnosis by
exclusion. In: Child Neurology. Blaw, M., Rapin, }., and Kinsbourne, M. (eds). NY:

Spectrum.

Di Lollo, V., Hanson, D. and Mclntyre, J.S., (1983). Initial stages of visual information

processing in dyslexia. J. Exp. Psychot. (Human Percept. and Perform.), 9, 923-935.

Fowler, M.S., Riddell, P.M. and Stein, LF., (1990). Vergence eye movement control
and spatial discrimination in normal and dyslexic children. In: Perspectives on Dyslexia,

Vol. 1, Pavlidis G.Th. (ed) pp 253-273. Chichester: John Wiley & Sons.

Frostig, M. and Horne, D. (1964). The Frostig Program for the Development of Visual

Perception. Chicago: Follett Publishing Co.

Galaburda, A.M. and Kemper, T.L. (1979). Cytoarchitectonic abnormalities in

developmental dyslexia: A case study. Ann. Neurol. 6, 94-100.
Galaburda, A.M, Sherman, G.F, Rosen, G.D., Aboitiz, F and Geschwind, N., (1985).
Developmental dyslexia: Four consecutive patients with cortical anomalies. Ann. Neurol.

18, 222-233.

Geiger, G. and Lettvin, 1.Y. (1986). Enhancing the perception of form in peripheral
vision. Perception, 13, 119-130.

Geiger, G, and Lettvin J. Y, (1987). Peripheral vision in persons with dyslexia. N Engl J
Med 316 1238-1243.

22




Geiger, G. and Lettvin J.Y. (1989). Dyslexia and reading as examples of alternative visual
strategies. In: Brain and Reading, Euler von C., Lundberg, L. and Lennerstrand G. {eds.)

pp- 331-343. London: Macmillan Press Ltd.

Geiger, G. and Lettvin, 1.Y. (1993). Manifesto on dyslexia. In: Facets of Dyslexia and
Its Remediation, Wright, S.F. and Groner, R. (eds.) North Holland: Elsevier. pp 51-63.

Geiger, G. and Lettvin, J.Y and Fahle M. (1994). Dyslexic children learn a new visual

strategy for reading: a controled experiment. Vision Res. 34, 1223-1233.

Geiger, G., Lettvin, J. Y. and Zegarra-Moran, O. (1992) Task-determined strategies of
visual process. Cog. Brain Res. 1, 39-52.

Geschwind, N., and Behan, P.O., (1982). Left handedness: Association with imune
disease, migrine and developmental learning disorder. Proc. Natl Acad Sci. USA., 79,

5097-5100.

Goolkasian, P. and King, J. (1990). Letter identification and lateral masking in dyslexic
and average readers. American Journal of Psychology, 103, 519-538.

Held, R. and Gottlieb, N. (1958). Technique for studying adaptation of disarranged
hand-eye coordination, Percept. Mot. Skills, 8, 83-86.

Held, R. and Hein, A. V. (1958). Adaptation of disarranged hand-eye coordination

51
contingent upon re-afferent stimulation, Percept. Mot. Skills, 8, 87-90.

23



AN
N

Klein, R., Berry, G., Briand, K., D'Entremont, B., and Farmer, M. (1990) Letter
identification declines with increasing retinal eccentricity at the same rate for normal and

dyslexic readers. Perception & Psychophysics, 47 (6) 601-606.
Kohler, L., (1962). Experiments with goggles. Sci. Am. 206, 62-72.

Lewis, J.N. (1968). The Improvement of Reading Ability Through a Developmental

Program in Visual Perception. J. of Learning Disabilities, 1({11) 652-653.

Liberman, LY., (1971). Basic research in speech and lateralization of language: some

inplications for reading disability. Bull. Orton Soc., 21, 71-87.

Liberman, LY., (1982). A language oriented view of reading and its disabilities. In:

Progress in Learning Disabilities. Myklebust, H. (ed). New York: Grune and Statton.

Liberman, LY., Shankweiler, D., Fischer, F.W. and Carter, B., (1974). Explicit syllable
and phoneme segmentation in the young child. J. Exp. Child Psychol., 18, 201-212.

Livingstone, M.S., Rosen, G.D., Drislane, F.W. and Galaburda, A.M., (1991).
Physiological and anatomical evidence for a magnocellular defect in developmental

dyslexia. Proc. Natl. Acad. Sci. USA 88, 7943-79417.
Lovegrove,W.J,, Bowling,A., Badcock,D. and Blackwood, M. (1980). Specific reading

disability: Differences in contrast sensitivity as a function of spatial frequency. Science,

210, 439-440. i

24



Lovegrove, W.J., Martin, F. and Slaghuis, W., (1986). A theoretical and experimental

case for a residual deficit in specific reading disability. Cog. Neuropsychol., 3, 225-267.

Lundberg, I, (1982). Linguistic awareness as related to dyslexia. In: Dyslexia:

Neuronal, Cognitive and Linguistic Aspects. Zotterman, Y. (ed). Oxford: Pergamon

Press.

Lundberg, I, (1989). Lack of phonological awareness - a critical factor in dyslexia. In:

Brain and Reading. Euler, von, C., Lundberg, I. and Lennerstrand, G. (eds) 221-231

London: Macmillan.

Mackworth, N. H. (1965). Visual noise causes tunnel vision. Psychonomic Science 3

67-68.

Olson, R.K., Wise, B., Conners, F.A. and Rack, J.P. (1989). Deficits in disabled
readers’ phonological and orthographic coding: ethiology and remediation. In: Brain and

Reading. Euler, von, C., Lundberg, I. and Lennerstrand, G. (eds) 233-242 London:

Macmillan Press.

Perry, A. R., Dember, W. N., Warm, J. S., and Sacks, J. G. (1989) Letter identification
in normal and dyslexic readers: a verification. Bull. Psychon. Soc. 27 445-448.

Slaghuis, W.L., Lovegrove, W.J., and Freestun, J. (1992) Letter recognition in

peripheral vision and metacontrast masking in dyslexics and normal readers. Clin. Vision

by
Y

Sci., 7, 53-65.

Stein, J.F. and Fowler, M.S., (1981). Visual dyslexia. TINS, 4, 77-80.

25



Tallal, P. and Katz, W. Neuropsychological and peuroanatomical studies of developmental
language/reading disorder: recent advances. In: Brain and Reading. Euler, von, C,

Lundberg, 1. and Lennerstrand, G. (eds) 183-196. London: Macmillan Press.

Townsend, J. T., Taylor, S. G. and Brown, D. R. (1971). Lateral masking for letters

with unlimited viewing time. Perception and Psychophysics, 10 375-378.

Williams, M.C., LeCluyse, K. and Bologna, N., (1990). Masking by light as a measure

| of visual integration time in normal and disabled readers. Clin. Vision Sci., 3, 335-343.

Wolford, G. and Chambers, L., (1983). Lateral masking as a function of spacing.

Perception and Psychophysics 33 129-138.

Zegarra-Moran, O. and Geiger, G. (1993). Visual recognition in the peripheral field:

fetters vs. symbols and adults vs. children. Perception 22, 77-90.

Zurif, E. and Carson, G. (1970). Dyslexia in relation to cerebral dominance and temporal

analysis. Neuropsychologia, 8, 351-361.

26




FIGURE LEGENDS

l. A demonstration of lateral masking. Fix your gaze on the x of the upper row. Without
shifting your gaze, the N on the left will appear clear and distinct while the N on the right
will not be legible though segmented lines will be clear. Similarly, fix your gaze on the X
of the lower row. You will see the small circles on both sides. However, on the left side
there is a ring (or diamond shaped) arrangement of small circles, but on the right side the
ring arrangement is Jost although the small circles are clear. This holds for ordinary
readers. Dyslexics may see both N's almost as clearly and also see both ring

arrangements.

2. The FRF pl(;ts of adult English-native subjects; average of 10 ordinary readers (dashed
line) and the average of 10 severe dyslexics (solid line). The measure is correct recognition
(in %) of the peripheral letters of the letter pairs, at different eccentricities. The scores of
the letters at the center was 95+5% for all peripheral letter eccentricities. The vertical bars
denote the standard deviation. The FRF of the severe dyslexics is significantly wider then
that of ordinary readers. Considering both sides together, at 20° width ( -10© and +10°
eccentricities) severe dyslexics recognize letters significantly better then ordinary readers,

and similarly at 25°.

3. The plot of the FRF of adult Hebrew-native subjects; average of 5 ordinary readers
(dashed line) and 5 dyslexics (solid lines). Correct recognition of the letter at the center for
all peripheral letter eccentricities was 95+5%. The vertical bars denote the standard
deviation. Considering both sides together, the FRF of dyslexics is significantly wider
then that of ordinary readers; from 15° width (-7.5° and +7.5° eccentricity) and wider,

dyslexic recognize letter significantly bettér.
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4. The plot of the FRF of the same person at two different "phases™: when alert (dashed
line) and six hours later, when tired (solid line). Correct recognition of the letter at the

center for all peripheral letter eccentricities was 90+10%.

5. The right side plot of the FRF of a severe dyslexic. The solid line is the plot of the
initial test and the dashed line 4 months later after practising the regimen. Correct
recognition of the letter at the center for all peripheral letter eccentricities, except for 2.50 of
the first plot, was 90+10%. The score of the center letter for 2.5° eccentricity of the

peripheral letter was 70%.

6. The plot of the FRF of German-native children: average for 6 ordinary readers (dashed
line) and average for 15 dyslexics (solid line). Correct recognition of the letter at the center
for all peripheral letter eccentricities was 94+6%. The FREF of the dyslexics is significantly

wider.

7. The FRF plots of the experimental dyslexic group (solid line), the control dyslexic

group (dashed line) and the ordinary readers group (dotted line). The FRF's of the two
dyslexic groups are similar. ’
8. Improvements in reading for all the dyslexic individuals and the averages for each

group: E-experimental dyslexics, C- control dyslexics.

9. The average FRF plots of the experimental dyslexics group before practising the
regimen (dashed line) and after practise (solid line). The FRF narrowed significantly on
the right side after practise. The FRF of the ordinary readers (dotted line} are from figure 6

and given for reference.
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10. The average FRF plots of the experimental dyslexic group after practise (solid line)

and that of the control dyslexics group (dashed line) which was measured at the same time,

in the 2nd session. The FRF of the ordinary readers are from figure 6 and given for

reference.
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Table 1

Reading assessments (ZLT)

initial test
grade  grades
Name sex bhandednes age grade equivalent behind
Dyslexics
ED1 F L 8.5 3 <2 2
ED2 M R 9.58 3 <2 2
ED3 M R 10.42 4 <2 3
ED4 F R 11.2 5 2 3
ED5 M R 12.67 5 <2 4
ED6 M R 12.5 6 4 2
ED7 F A 11.5 6 4 2
ED8 M R 12.25 6 4 2
ED9 F R 12.42 6 2 4
CD1 M L 10.1 4 2 2
cD2 F R 10.2 4 2 2
CD3 M R 9.9 4 2 2
CD4 M R 12.42 5 4 2
cDs M R 10.67 5 2.5 2.5
CDé M L 11.42 5 2 3
average 11.05 2.50
sD 1.27 0.73
Grades in
Ordinary readers advance
o M R 9.25 3 3 o
OR2 F R 10.5 4 5 1
OR3 F R 10,42 4 4 0
OoR4 F R 10.42 4 5 1
ORs M R 10.58 4 4 0
ORs F R 11.5 6 6 0
average 10.45 0.33
sD 0.72 ‘ 0.52
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