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Recent studies by Geiger, Lettvin and Zegarra-Moran have
diagnosis of dyslexia, and a new method for remediation. Th
strategy”. On adult dyslexics the test was reliable and the remediation apparently effective. The
purpose of this study is to confirm the usefuiness of the remediation and test with children. Dyslexic
children-(3rd—6th grade) were divided into two groups. The experimental group (9) was given a new

proposed a new non-reading test for the
e latter involves the learning of a “visual

school. After 3 months of practising their separate regimens all the dyslexic chi

ildren who were in the
two groups were retested and compared. The “experimental” dyslexics improved in reading by 1,22
grade level on average while the “control” dyslexics improved by 0.17 grade on average. The

forar-resolving field (F RF) plots narrowed significantly for the ex
changed little for the control dyslexics. At the end of the second te
also given the new regimen of practise. Five months later ai) the dyslexic chi
third time. The initial control dyslexics who later practised the regimen (2) improved in reading by
—2.5 grades and their FRF plot narrowed. The experimental dyslexics continued to improve yet
further. All the dysiexic who practised the new regimen started at an average of 2.5 grades behind

A des behind their expected
ing within 8 months, a rate
ic children were compared
confirms the usefulness of
. It also shows that improvement

Dyslexia Lateral masking Visual strategy Reading Peripheral vision Learning

INTRODUCTION is a direct relation of the angular size of a just recogniz-

The many diverse causes correlated with dyslexia—gen-
elic, anatomic, linguistic—will not be considered here.
Qur concern is with relief of dyslexia as a symptom not
with changing the trait it expresses. Previous studies
showed that dyslexics and ordinary readers differ in the
relation of central 1o peripheral  visual perception,
specifically in the distribution of lateral masking. The
various distributions of lateral masking can be regarded
as lask-directed visual strategies. Studies suggesied that
a dyslexic can learn a new visual strategy that enabies
reading (Geiger & Lertvin 1987, 1989, 1993, Geiger,
Lettvin & Zegarra-Moran, 1992). Our aim in this paper
is to compare the learning regimen proposed in those
studies with existing remedial methods. 1t is useful to
review the background first.

In the peripheral visyal field of ordinary readers, there
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able letter 10 its angular distance (eccentricity) from the
center of gaze as was shown by Aubert and Foerster
(1857 in tachistoscopic presentation, Accordingly, the
recognition of letters of fixed size falls off sharply
with eccentricity. A different distribution was found for
dyslexic persons {Geiger & Lettvin, 1987, 1989, 1993,
Geiger et al., 1992; Perry, Dember, Warm & Sacks
1989). To measure central-peripheral field relations re-
garding letier recognition the studies above used the
form-resolving field (FRF) test. In this test, pairs of
letters of the same font and angular size were presented
tachistoscopically one pair at a time. One letter of each
pair was presented at the axis of gaze. and a different
one at some angular distance (eccentricity) along the
horizontal axis. The distance between the letters was
varied between Presentations, but one of the letters was
always presented at the center of gaze., Afier presen-
tation of many pairs the average correct identification of
the letter pairs was taken for each peripheral leiter
position. The plot of probability of recognition of the
peripheral letters as a funclion of their eccentricity is the
form-resolving field (FRF) along the horizontal axis.
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The score of recognition of the letter at the center is given
numerically but not shown on the plot. ‘

An important aspect of the FRF test used by Geiger
and Lettvin (1987, 1989, 1993) and Geiger et al. (1992) is
the setting of the stimulus exposure duration for each
subject individually. The duration was set to achieve Jjust
under 100% recognition at the eccentricity at which the
peripheral letter was recognized best. That exposure dur-
ation was kept for the subject throughout the test and for
all presentations. In this way relntive recognition across
the visual field was measured rather than absolute sensi-
tivity. We will refer to this process as auto-scaling.

The FRF of ordinary readers is narrow and symmetric
with best letter-recognition in and near the center of gaze.
Recognition of the eccentric letter rapidiy falls off with
angular distance from the center of gaze (as implied by the
Aubert-Foerster law, 1857). On the other hand, the FRF
of dyslexics is wider in the direction of reading, i.e. wider
in the right hemifield for English-native speakers, and
wider in the left hemifield for Hebrew-native speakers.
These asymmetric plots of the FRFs are mirror images of
each other reflecting the opposite directions of reading
(Geiger et al., 1992). In addition, letter pair recognition
for dyslexics is lower when the peripheral letter is in the
near right hemifield than when it is further in the periph-
ery (Geiger & Lettvin, 1987, 1989, 1993; Geiger er al.,
1992; Perry et al., 1989). In general, recognition of aggre-
gates of letters in and near the center of gaze is lower for
dyslexics than for ordinary readers (Bouma & Legein,
1977). :

Recent studies (Goolkasian & King, 1990: Klein, Berry,
Briand, D'Entremont & Farmer, 1990; Slaghuis, Love-
grove & Freestun, 1992) were critical of the study by
Geiger and Lettvin (1987). These studies used different
methodologies, hence arrived at different conclusions.
The most common difference was the use of CRT displays
which biases dyslexics in the peripheral field as described
by Zegarra-Moran and Geiger (1993). However, the study
which replicated the tachistoscopic method of Geiger and
Lettvin (1989), verified their findings (Perry ef al., 1989).
Rayner, Murphy, Henderson and Pollatsek {1989) ar-
rived at similar resuits by other methods. The initial study
by Geiger and Lettvin (1987) reported results only in the
right hemifield and was criticized for being so restricted.
Their later studies dealt with both hemifields (Geiger &
Lettvin, 1989, 1993; Geiger er al., 1992) where the stimuli
were presented randomly in the left or right hemifields.
The differences in the FRF between ordinary readers and
dyslexics were already found when measured on the right
hemifield only (Geiger & Lettvin, 1987), the left-right
asymmetry was confirmed only when bilateral presenta-
tions of the stimuli were made in adults (Geiger & Lettvin,
1989, 1993; Geiger et al., 1992). However, the indication
for the asymmetry was already available when single
hemifield presentations were used. Dyslexic children
measured with bilateral presentation had wider FRFs
than adult dyslexics and showed less asymmetry (Geiger
& Lettvin, Geiger, and Geiger & Zegarra-Moran, unpub-
lished results).

The differences in the FRF between adult ordinary
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readers and adult dyslexics were attributed by Geiger and
Lettvin (1987) and Geiger et al. (1992) to different distri-
butions of laterat masking over the visual field (cf. reviews
on lateral masking: Bouma, 1970; Mackworth. 1965:
Townsend, Taylor & Brown, 1971; Wolford & Chambers,
1983). Geiger and Lettvin first showed that lateral mask-
ing is modifiable and its distribution over the visual field
might be learned (1986). In subsequent studies they
demonstrated directly that Interal masking is differently
distributed for adult ordinary readers and dyslexics
(Geiger & Lettvin, 1987, 1989) and in addition demon-
strated that the FRF is a good measure of the distri-
butions of lateral masking over the visual field (Geiger &
Lettvin, 1987, 1989, 1993; Geiger et al., 1992). Due to
reciprocal masking between parts of the letters the shape
of the FRF also becomes a measure of the distribution of
lateral masking similar to the direct measure (Geiger
et al., 1992). For ordinary readers lateral masking is least
effective at and near the center of gaze, and increases with
growing eccentricities, which implies best recognition of
forms in the central field. Dyslexics, on the other hand,
laterally mask in and near the center of gaze, when
presented with an aggregate of letters, whereas lateral
masking is reduced in the peripheral field in the direction
of reading. This distribution of lateral masking implies a
wider extent of letter recognition in the direction of
reading and difficulty in recognition of aggregates of
letters in and near the center. The distribution of lateral
masking employed by ordinary readers enables them to
mask most of the text surrounding a small area (of a
words’ size) and move ahead with their gaze to a folowing
small area after recognition of the word. This is the way
the process of ordinary reading is described. On the other
hand. dyslexics mask the aggregate at which they gaze and
at the same time perceive a large area of the text in the
direction of reading, and are confused by the wealth of
information, especially since they do not recognize words
as distinct forms when embedded in text the way ordinary
readers do. Results demonstrate superior performance by
dyslexics on single word presentations compared with
whole line presentations and the contrary by ordinary
readers (Lovegrove & MacFarlane, 1990). These resuits
are in line with the above claim.

The modifiability of the distribution of lateral masking,
the process of demasking (Geiger & Lettvin, 1986) and the
reversal of the asymmetry in the FRF of dyslexics, de-
pending on the direction of reading (Hebrew vs English-
native speakers), suggested to Geiger and Lettvin (1987,
1989, 1993) and Geiger er al. (1992) that particular
distributions of lateral masking are learned. These
authors aiso demonstrated that adult severe dyslexics
were able to learn a new visual strategy by a regimen of
practise which was comprised of novel hand-eye coordi-
nation tasks combined with the reading of single words
through a window in a blank masking field viewed side
long (the regimen will be explained in detail below). The
results showed that the reading skilis of the dyslexics
improved dramatically, while at the same time their FRF
narrowed and finally resembled that of ordinary readers.
This finding is a strong indication for causal relations
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between or at least a common cause for the distribution
of lateral masking as measured by the FRF test and the
task of reading. As noted by Geiger er al. (1992) the
relation of change in FRF 1o change in reading was found
empirically. These authors also pointed cut that one
change does not cause the other but rather that both are
different measurable aspects of the same central process.

The ability to exhibit different distributions of lateral
masking and the indication that these distributions are
learned led them to view any particular distribution of
lateral masking as a task-determined state. That is, each
state is a visual strategy shaped for the task and for each
class of tasks another task-determined visual strategy is
learned as part of the gaining of expertise {Geiger &
Lettvin, 1987, 1989, 1993; Geiger et al., 1992).

However, the learning of a new visual strategy for the
task of reading (Geiger & Lettvin, 1987, 1989, 1993)
differs from previously described and practised “percep-
tual learning” (Frostig & Horne, 1964) in spite of a
superficial resemblance. The latter method associated
broad learning of visuo-motor skills with auditory per-
ceptual skill and language skill and was based on the
hypothesis of ‘“‘developmental deficit™. Geiger and
Lettvin's hypothesis is that a dyslexic can learn a particu-
lar visual strategy for reading, a proper precognitive
distribution of lateral masking in central and peripheral
visual fields which enables the acquisition of the idea of a
printed word so that reading would become an under-
standable task to the dyslexic—a concept that is task
directed and less general.

The studies mentioned above showed only that adult
dyslexics have the ability to learn a new visual strategy
within a few months, and as a result can improve in
reading skills. This was tested with children who were
also able to learn such visual strategy and to improve
their reading skills. However, no carefully designed ex-
periment had beecn performed to demonstrate how the
suggested regimen of practise compares with other reme-
dial procedures for dyslexia. We decided to try such a
comparative study on a limited scale in the grammar
schools of Tiibingen, Germany.

In designing this controlled experiment the question is
the starting age of the group. Contrary to the opinion of
many experts our experience is that so long as a child
under the age of 8 has not yet established a personal
strategy for reading, the child is best left alone since
remedial procedures may even delay or hamper acqui-
sition of such a strategy. This notion is supported by
recent findings (Shaywitz, Escobar, Shaywitz, Fletcher &
Makuch, 1992) that a large proportion of children evalu-
ated as dyslexic or dyslexia-prone in first grade are not
considered dyslexic in the third grade. Therefore we
choose to start our program with children at third and
higher grades.

METHODS

Apparatus and stimuli

Three slide projectors, equipped with flat field lenses
and electrically activated shutters (Vincent Associates)

back-projected images of letters on a diffusing screen.
The arrangement served as a wide-screen tachistoscope.
Each of the projeciors gave uniform luminance of
1700 cd/m + 10% across the whole screen. The first pro-
Jector carried a slide with a central fixation point. The
second carried the stimulus slide. The third carried a
blank “eraser” slide. The order of presentation of the
slides on the screen and the duration of presentation
was controlled clectronically by a timer. It adjusted the
openings and closings of the shutters to minimize transi-
tional changes in luminance on the screen between pre-
sentations. Stimulus durations were adjustable over the
range of 1.6-150 msec. The screen was 49 cm wide and
32 cm high corresponding to 39° of visual angle horizon-
taily 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 second
in the periphery. The stimuli were divided into 5 groups.
In each group the letters in the periphery were at a fixed
angular horizontal distance from the fixation point at the
center. The angles used were from 2.5° to 12.5° in 2.5°
steps. Each group contained 20 slides. 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 for each
position). They were presented in a random order. This pro-
cedure helped observers to maintain central fixation and
reduced the bias of expectation of appearance (Geiger &
Lettvin, 1989; Geiger et al., 1992). The two letters on each
stimulus presentation were different, and were chosen
from a fixed set of 10 upper-case Helvelica-medium
letters (I, S, C, O, V, M, N, E, 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.

Subjects

The records and their analysis in the Results section are
from three groups of volunteer subjects. Two groups
consisted of dyslexic children, an “experimental” and a
“control” group while the third group were ordinary
reading children. Ahogether 15 dyslexics (9 in the exper-
imental group and 6 in the control group} and 6 ordinary
readers were included in the experiment.

After receiving permission 1o recruit pupils in the
local schools, we applied to three schools, two grammar
schools and a high school accommodating all three
German schooling types (Gymnasium, Realschule and
Hauptschule). Teachers from these schools rec-
ommended pupils for testing who had weak reading
skills or whom they thought might be dyslexics.
“Dyslexia™ (Legasthenie in German) is no longer used
in the education system of Baden-Wiirtiemberg
(although used outside that system) but is replaced by
a broader concept of “‘reading and spelling weakness™
(Lese-Rechtschreibschwiche). Accordingly testing in the
educational system is made with respect to this weakness
rather than dyslexia, i.e. the emphasis often lies on
correct spelling. Therefore we asked the teachers to
recommend mainly the pupils whom they thought 10 be

3.
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primarily weak in their reading skills. Teachers then
transmitted a letter, written by us, to the parents of the
recommended pupils. The letter explained the pro-
cedures, the nisks and the experimental nature of the
proposed investigation. A few additional subjects came
to us by their own initiative from other schools.

Another group was similarly recruited by the teachers
or also volunteered from other schools to be our ordi-
nary reading subjects. (To be certain that all these
subjects had no problems in reading, they were taken
from the more advanced readers in their classes, yet they
were not much above their grade level as can be seen
from Table 1.)

Those pupils who had the consent of their parents and
the willingness to participate in the experiment were
called to the University Eye-Hospital in Tiibingen to be
tested and instructed.

Volunteering for the experiment were 6 ordinary
reading pupils (4 females and 2 males) from the 3rd-6th
grades and 21 pupils (8 females and 13 males) from the
3rd—7th grades who were recommended by their teachers
as having reading difficulties. Those with reading
difficulties were: 4 children from 3rd grade, 4 from 4th
grade, 6 from 5th grade, 6 from 6th grade and | from
7th grade. After screening all subjects and excluding
other learning disabilities (cf. Aaron & Simurdak, 1991)
we ended with: 3 dyslexic subjects in 3rd grade, 4
dyslexics in 4th grade, 6 dyslexics in 5th grade, 4
dyslexics in 6th grade and 1 dyslexic in 7th grade, ie.
altogether 18 dyslexic children. The screening procedure
will be described in the next section. These subjects were
randomly divided into two groups. One group, the
experimental group, was assigned to the new regimen
suggested by Geiger and Lettvin (1987} and by Geiger
et al. (1992) while the other group, the control group,
was expected to continue the regular remedial practice
offered by the schools. After the second testing (see
Procedure section) 15 subjects remained for the compari-
son between the first and second testing. Two dyslexics
could not participate in the second testing and one
decided to drop out from the experiment. The final taliy
of dyslexic subjects to which we refer in the resuits were
9 subjects (4 females and 5 males) in the experimental
group and 6 (5 males and 1 female) in the control group.
As a result of this selection procedure we ended with an
uneven gender distributions in the groups. However, we
hope that the gender issue will be of low significance
concerning the goals of this experiment. As will be seen
later, this was confirmed by the results of the experimen-
tal group where gender distribution was about even.
Two participants of the control group were originally
assigned to the experimental group, but as they failed to
practice the offered regimen they were mbved to the
control group prior to the second testing (the process by
which this was decided will be explained in the procedure
section).

Procedure
General. Each of the participating subjects was usually
accompanied by one of the parents and was tested by

one of us in the University Eye-Hospital. The first
session consisted of an introductory interview. an oph-
thalmological test. questions on hand preference, a
reading level assessment, the form-resolving field (FRF)
test and a closing interview {see Table 1). The ordinary
reading subjects did not have the closing interview and
did not go further in the program. In the closing
interview all the participants received general encourage-
ment but only the experimental group received ad-
ditional instructions for the regimen of practise they
should follow.

After the initial session of testing each subject (and the
accompanying persons) received only two phone calls
from us, the first one week after the interview, the second
a week later, to provide support and any needed ad-
ditional guidance. That was the sole extent of our
post-interview contact.

About three months later all the dyslexic subjects
(from both groups) were called in for the second session
of testing, again in the Eye-Clinic. This session started
with an interview which was followed by a reading ievel
assessment and the form-resolving field test and ended
with the closing interview of the second session. In the
closing interview our method of practise was offered to
the subjects of the control group.

A third session of testing followed about five months
after the second for both the experimental and control
groups. This session was similar to the second one.

The procedure in detail

(a) The first session of testing started with the intro-
ductory interview which began with the explanation of
the procedure and the purpose of the experiment. This
part ended with the explanation and signing of the
informed consent form. We then asked the child to write
his or her name and age. This introduction was followed
by:

(1) Questions on medical and educational history.

{2) The Briggs and Nebes (1975) questionnaire for
gauging hand preference.

(3) An in-depth ophthalmological test.

(4) Detailed questions about academic achievements,
preferences, performance and status at the school. The
social and familial statuses were also discussed. At this
point we were able to assess the approximate intelligence
level by the child’s understanding and ability to respond
intelligibly as well as the scholastic performance. For the
purpose of this study it was sufficient to estimate if the
person had an intelligence below average or if it was
average and above. This was possible by the inquiry
described above., We had to resort to this method
because it was stipulated in the school’s permission to
perform the study that no 1Q or similar intelligence test
would be performed.

(5) The reading level was assessed by asking the child
to read the appropriate texts and word lists from the
Ziricher Lesetest (ZLT). This allowed us to assess the

k.
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level of reading of the child wiih respect to the scores
normalized for grade and age leve] of reading given in
the ZLT. The test consists of lists of single words and

passages of continuous texts which are read aloud by the
subjects. For different grade levels different lists and
passages are given. The duration of reading and the
number of errors made are noted separately for the lists
of words and for the Ppassages. The results are compared
with norm-performance given in the tables in the test
instructions. The comparisons are made separately for
the reading of lists of words and passages, and are then
combined to give the end results. The results can be
expressed in grade-equivalence or as percentile range of
performance level in the normal distribution listed in the
tables. We chose to use the grade-equivalence since
the table lists for grades 4 and 5 are coarse and because
the ZLT does not extend beyond the 5th grade. The kind
of errors made by a subject suggesied the type of dyslexia
as prescribed by the ZLT. We aiso inquired about
comprehension but did not introduce it as a measure. At
that point the interviewer was able to decide whether the
subject was dyslexic, and marked it in the protocol.

(6) The form-resolving field (FRF) test:
sat 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 afier a
verbal warning the stimulus slide was briefly projected
(replacing the fixation point slide) and followed by a
blank eraser slide which was projected for 2.5 sec. The
subject was asked to name the letters in the stimulus slide
and their relative position. This cycle continued uniil all
100 stimuli slides had been presented. The effective
stimulus duration, the lime between the offset of the
fixation point slide and the onset of the eraser slide, was
determined for each subject separately prior 10 the test
itself. Various stimulus durations were tested (with
samples of the letier pairs) in this pre-test until a stimulus
duration was found in which the correct letter identify-
cation reached just 100% at one eccentricity of the
peripheral letter in the display (this was at 2,5° for most
subjects). Once the appropriate stimulus duration was
found it was kept constant during the test and for the
subsequent FRF tests. After al| stimulus slides were
presented the average letter recognition at each eccen-
tricity was calculated and plotted to give the FRE plot.

The subject

(7) The closing interview included the disclosure of the
findings. For all those who were found to be dysiexic the
condition was explained and general recommendations
given 10 reduce time pressure for performance in tests or
studies. We also indicated that jt may be possible “10 do
something about the condition”. In addition to these
general remarks the dyslexics who were assigned to the
experimental group received explanations of the regimen

of practise and the schedule for continuation was made
clear,

The regimen of practise is described in full in the
Results section as it is germane 1o the content of the
results. During the three months between the 1wo
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sessions of testing, the experimental group actively fol-
lowed the regimen of practise. Meanwhile, the subjects
in the control group continued the remedial practise
offered by the schools. For some of the subjects the
school’s remediation included 2-3 hr per week of ad-
ditional instrucied classroom reading and writing. Oth-
ers were given personal instructions in reading and
writing for 34 hr per week. The subjects of both groups
reccived phone calls 1 week and 2 weeks after the
interview for encouragement and guidance (if it was
needed). There was no further contact until the second
session. We informed a subject to which group he or she
belonged and were careful 10 hide this information about
other subjects. The experimenters were the ones to know
who belonged where and therefore this study cannot be
regarded as a double blind study.

(b) Three months later the second session of testing
started with a welcome interview in which the child was
first asked to tell about the experiences of the last three
months: how he or she felt at school and at home. The
subjects from the experimental group were asked in
addition to estimate how long (hours per day) they
Practised each of the two parts of the regimen separately.
They were also asked for their subjective feclings about
reading and writing. After the subject answered these
questions the responses were checked against the ac-
count of the accompanying persons. At that point the
interviewer (G.G.) decided if the daily duration of
practise was long enough for the subject to be considered
to be part of the experimental group or had (o be
considered as part of the control group. The decision
was marked on the interview
against the test results later on. Only two subjects were
moved to the control group as they practised the regimen
less than } hr per day. The data were analyzed in two
different ways: in the first case, these two subjects were
regarded as controls and in the second case their results
were discarded altogether.

The ZLT reading assessment and the FRF test were
performed after the welcome interview. The effective
stimulus duration for the FRF lest was the same as in
the first FRF test. The, session closed with another
interview in which the results of the past three months
were discussed. Some additional remarks were made 10
the subjects of the experimental group. Now our regimen
of practise was offered to the control group.

(c) Five months later a testing session, similar to the
second one, was performed.

RESULTS

The first session of testing

Table | shows the individual data for all the subjects
and their assignment to the three groups. The groups
were matched in age (no significant difference between
the average age of the groups). Most of the subjects were
right handed. They ranged from 3rd to 6th grade in
school. All had normal or corrected 1o normal vision (a
few had slight phoria) and they all had average or above

document and was checked °
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LEARNING A VISUAL STRATEGY FOR READING

average intelligence as assessed indirectly (i.¢. not by a
formal test). The ordinary readers were average or good
readers as measured by the ZLT (Ziiricher Lesctest). The
dyslexics were diagnosed as such by all the tests given
and by the exclusion rules of opportunity. However,
each individual who was found to be dyslexic in the tests,
excluding the FRF test, was also dyslexic by the FRF
test. Each dyslexic individual was at least two grade-
levels or age levels below his or her expected grade. Both
dyslexic groups were on average at similar reading levels
below their expected grade or age level [F( 1,13) = 2.59,
P <03).

All the dyslexics had a good comprehension of text
that was read to them. They were a mixed group of
dyslexics from the three sub-types—the visual, auditory
and mixed (similar 1o Boder’s classification 1973), as
indicated by the resuits of the ZLT.

The FRF of the first testing (Fig. 1) shows that there
is a significant difference between ordinary readers and
both groups of dyslexics combined. The average FRF of
ordinary readers is narrow and the fall-off of letter
recognition with eccentricity is steep in both hemifields.
The average FRF of the dyslexics is significantly wider
in the right visual hemifieid than that of ordinary readers
[F(1,103) = 63.61, P < 0.001]. At eccentricities farther
away from the center of gaze, the difference is significant
for each eccentricity [at 7.5° F (1,19)=17.56, P < 0.02; ar
10° F(1,19) = 104.3, P < 0.001; at 12.5° F(1,19) = 12.12,
P < 0.01). In the left visual hemifield the FRF is wider
for dyslexics and significantly wider only at the far
eccentricities [~ 10° F(1,19) = 12.57, P < 0.01;a1 —12.5°
F(1,19) = 11.87, P <0.0t). The FRF on the left and
right hemifields are not significantly asymmertic for the
dyslexics as was the case in adults (Geiger er al., 1992).

Due to the normalization procedure the stimulus
presentation times differed between subjects. The aver-

age exposure time for the ordinary readers was
6.5 1 1.1 msec and for the dyslexics 8.97 + 2.9 msec {a
difference which is statistically not significant). This
might thought 1o be the reason for the differences in the
FRFs. However, it will be seen later that the FRF of the
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FIGURE 1. The FRFs mcasured in the first session for 6 ordinary

readers (squares, dashed lines) and 15 dyslexics (circles, solid lines). In

this presentation both dyslexic groups (experimental and control) were

lumped together. Correct identification of the letters in the center (for

all peripheral letter eccentricities) was 97% + 3% for ordinary readers

and 94% + 6% for dyslexics. The vertical bars denote the standard
error.
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FIGURE 2. The FRFs of the same 6 ordinary readers (squares.
dashed lines) and the dyslexics by groups, measured in the first session.
Nine experimental dyslexics (circles, solid lines) and 6 control dyslexics
(triangles, dotted lines). Correct identification of the letters in the
center (for all peripheral letter eccentricities) was 97% £ 3% for
ordinary readers, 93% + 7% for the experimental dyslexics and
93% + 5% for the control dyslexics. The vertical bars denote the
standard error.

experimental dyslexics became narrower although
measured with the same stimulus durations as in this
session. As the FRF measures only relative form recog-
nition across the visual field and not absolute sensitivity
for contrast or luminance, the cnly concern is that for
each subject an eccentricity of maximum recognition is
achieved at which the stimulus duration is that which
yields just 100% recognition. By this all subjects have
comparable ranges of recognition.

Figure 2 depicts the FRF of cach dyslexic group
separately (after the first testing) and that of the ordinary
readers for reference. The FRE of the dyslexic-
experimental groups and the FRF of the dyslexic-control
group are similar on both sides. Each of these groups
scparately has a significantly different FRF from that of
ordinary readers.

It should be noted that the FRF of the dyslexics is
generally similar to the FRFs measured previously with
English (and Italian)-native dyslexics {Geiger er al.,
1992) but differs in some details, Most dyslexics in this
study did not show the depressed letter recognition
nearest to the center on the right which was seen with
most dyslexics from the previous studies, In addition, the
FRF of the dyslexics in this study is also wider than that
of ordinary readers on the left side. In the previous
studies the FRFs on the left side were similar for
dyslexics and ordinary readers.

Remedial process

The regimen of practise was given first 1o the cxper-
imental group onlty. It had two complementary parts.
One part consisted of novel, small-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
smail scale mechanica) constructions (and disassemble)
were suggested to this end. The dyslexic child was to
engage for about | hr daily in these activities. These
activities were performed by the children in a private and
unsupervised manner, not in a structured lesson. To
molivate the children 1o perform these activities, it was
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important that the child initiated and chose the activities
and had fun in doing them.

The second and complementary part of the regimen
was to read (recognize) words in isolation. To this end
we asked the children to use a specially designed mask
which they laid on the text to be read. The mask was a
blank sheet (some times a colored transparent sheet)
with a rectangular window, cut to be somewhat larger
than a long word in the text. The children lay this mask
on the text and read the word which appeared in the
window. They shifted the mask along the lines of the text
and read it word by word. For the few children who had
their best peripheral letter recognition (in the FRF test)
farther in the periphery and not at 2.5°, we marked a
fixation point on the blank sheet to the left of the
window. These children fixed their gaze on the fixation
point and read the word appearing in the window. The
distance of the fixation point from the window depended
on the individual FRFs of the dyslexics. The children
performed this regimen of practise on their own (with an
occasional reminder by their parents).

In the interview during the second session, we had
to establish whether the child had performed the
practise long enough to be regarded as a subject in the
experimental group. As described in the Procedure sec-
tion, the child and the accompanying person gave esti-
mates of durations of practise. All the subjects finally
inctuded in the experimental group practised at least } hr
per day, on average, hand-eye coordination tasks
{mostly art-work) in addition to similar work given in
school. They also did at least $ hr per day of reading with
the window (one subject used the window only in the
early course of the regimen period and then felt uncom-
fortable with it and dropped it). Two subjects who
performed less than ! hr per day of (combined) practise
were excluded from the experimental group and were
added to the control group (see above). Gauging the
daily practise duration was based on the report by the
accompanying person,

The subjects of the control group continued their
remedial procedure given by the school in small groups
or for individuals. It included additional reading and
writing assignments with syllable awareness training and
the use of a finger as a pointer in reading.

In the assignment to the experimental and control
groups we paid attention to the separation between the
groups, i.c. siblings or classmates were assigned to the
same group to insure that information from an individ-
ual in the experimental group would not pass to another
in the contro! group.

Second session of testing

Three months after the first session, reading levels and
the FRF were retested in all the dyslexic subjects; the
experimental group who practised the regimen and the
control group who did not practise this regimen but
continued the remedial program of the school. The
reading scores of the second testing of the ZLT are
shown in Table 1. Both groups of dyslexics had im-
proved their reading to a certain degree. However, the
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reading skills of the experimental group had improved
on average by 1.22 grade-levels while the improvement
of the control group was minimal {0.17 grade levels). The
improvement rate for each individual of the experimen-
1al group is significant and simitarly. the difference in the
improvement rates between the experimental and the
control group is significant [F{1.16) = 19.67, P < 0.001).
As mentioned before, the ZLT measures accuracy and
speed of reading lists of single words and of passages of
continuous text separately. Afier practise the experimen-
tal group improved on both parts of the test aimost
equally. Improvements in reading lists of words was on
average 1.32 grade level (SD = 0.66) and improvements
on passages of texts 1.14 grade levels (SD = 0.28). The
difference is not significant (P < 0.6). Subjects also gave
the clear impression of higher level of comprehension for
the passages read, although comprehension was not
measured systematically. The FRF of the experimental
group which was measured after the practise (the second
testing) is compared to the FRF of the same group
before the practise (first testing) and also compared to
the FRF of ordinary readers in Fig. 3. The FRF of the
experimental dyslexic group has narrowed significantly
on the right [F(1,88) = 20.95, P < 0.05] but not on the
left side [F{1,88)=1.0]. The narrower FRF of the
experimental group is still wider than that of ordinary
readers but this difference is not significant on the right
side {except at 10° eccentricity, F{1.13)=17.73,
P < 0.01). It remains significantly wider in the left visual
field.

On the other hand there is no significant difference
between the initial and second FRF tests of the control
group (Fig. 4). At the same time the FRFs of the second
testing of the control group and the experimental group
(after practise) do not have an overall significant differ-
ence. However, the FRF of the experimental group is
significantly narrower on the right at the eccentricities
farthest from the center than that of the control group
as seen in Fig. 5. '

Relations of results and significance did not change
when evaluation was made excluding the two subjects

100 [
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Correct identification {%)
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FIGURE 3. The FRFs of the experimental dyslexics measured in the
first session (from Fig. 2, solid circles) and for the same group after
practise which was measured in the second sessicn (open circles). The
FRF of the ordinary readers from above is shown for reference
(squares}. Correct identification of the letters in the center (for all
peripheral letter eccentricities) was 97% + 3% for the experimenial
dyslexics in the second testing session. The vertical bars denote the
standard error.
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FIGURE 4. The FRFs of the control dyslexics measured in the first FIGURE 6. The FRF of the experimental group measured aficr 3

session (feom Fig. 2. solid tangles) and for the same group in the  months of praciise (from Fig. 3, open circles) and § months later

second session (open tnangles). The FRF of ordinary readers from  diamonds. The FRF of ordinary readers is shown for reference

above is shown for reference (squares). Correct identification of the (squares). Correct identification of the letters in the center (for all

letters in the center {for all peripheral letter eccentricities) was peripheral letter eccentricities) was 96% + 4% for the experimental

97% 1 3% for the controi dyslexics measured in the second session. dyslexics measured the third time. The vertical bars denote the
The vertical bars denote the standard error. standard error,

who were moved from the experimental group to the

session}. One subject of the control group did not
control because they did not practice.

practise and improved only by 0.5 grades,

- . Two subjects from the experimental group did not
The third session continue in their practise of the regimen but still jm-
proved in reading further.

The FRF of the experimental group is shown in Fig. 6
which shows not much change compared with the
previous testing, indicating that the strategy was learned
carlier and what was accomplished further is the exper-
tise in using the strategy.

The FRFs of the two subjects in the control group
ho practised also narrowed but that of the subject who
d not practise remained unchanged.

Five months after the second session of testing, read-
ing levels and the FRF test were given to all dyslexic
participants. At the end of the second session the
regimen of practise was also offered to the control group.

The reading scores of each subject of the experimental
group had improved further (Table 1). The average
cannot be given numericaily as the ZLT is scored only
up to 5th grade. However, the average value of the lag w
in reading skills is given and at the end of 8 months of di
practise it is 0.83 grades behind the expected grade level
compared with 2.67 grades behind at the beginning of

testing and 1.44 grades behind the expected level after DISCUSSION
3 months. Improvements in reading

It was unfortunate that only 3 subject§ from the After 3 months of unsupervised practising the regimen
control group came to the last session (one did not want

. . , (for at least 0.5 hr/day on average of hand-eye coordi-
Lo continue and 2 were ill). F!"om the 3 cqmrol sungCls nation and 0.5 hr/day on average of reading with the
who were measured, 2 practised the regimen and M- mask and window) each individual improved in reading
proved thcu.skllls dramatically (2 and 2.5 grades im- skill by at least one grade level. The average improve-
provements since they began to practise after the second ment for the experimental group was 1.22 grade levels,

while the highest improvement score for the individuals

_ from the control group who continued with the remedial
¢ wo[— procedure at school was 0.5 grade levels. The average
2 8o} improvement of the control group was 0.17 grade levels,
3 o0 significantly lower than that of the experimental group.
’.“é After the subjects of the control group were offered the
3 0 regimen of practise, two subjects who practised the
T 20 regimen improved by 2 and 2.5 grade levels after 5
‘:6" months practise. The one control subject who did not
b 0_, 5 ~10 -5 0 s 10 practise improved in that period by only 0.5 grade level,
Left Right All the dyslexic children who practised the regimen

- during these 8 months had started on average at 2.5

Ecceatricity (deg)

grade levels behind their expected grade/age level: at the

FIGURE 5. The FRF of the experimental group measured afier 3 end of 8 months they were on average at 0.75 behind
months of practisc (from Fig. 3, open circles) and that of the control . .

group measured at that time (from Fig. 4, open iriangles), The FRF their expected grgdc leve_l‘ An .avera_gc.lmprovemenF of

of the ordinary readers is shown for reference (squaresy. Correct 1.75 grade levels in reading skills within 8 months is a

identification of the letters in the center is given in the previous figures.  pace faster than that of ordinary readers. These improve-

The vertical bars denote the standard error, ments in speed and accuracy were equally significant for
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the reading of lists of words and of passages of continu-
ous text. Qur impression as well as the reports by the
subjects also indicated that comprehension had im-
proved although this was not measured systematically.

The difference in improvement in reading skills be-
tween the experimental and control groups and the
subsequent improvement of subjects from the control
group who practised the regimen suggests a causal
relation between the regimen of practise and the im-
provement in reading skills. (If one suspects this might
be some form of *“placebo”, effect, we would like to
stress that our treatment seems to improve reading skills
while others are less successful.) Moreover, this practise
indicates a rapid improvement in reading skills in the
first 3 months of practise (1.22 grade levels for the
experimental group) and a more modest one in the next
five months (0.62 grade level),

A note of caution will be adequate. We do not think
that we have “solved™ the whole problem of dyslexia and
found a complete “cure” for it. This paper presents only
the results of a pilot study on a limited number of
dyslexic children.

Though we compared results of an experimental and
a control group, and found a significant difference
between the two groups, one has to keep in mind that
the number of children involved was small. Another
point is that though the experimental group improved
their reading skills much faster than the control group
did, the experimental group still lagged behind their
expected age level at the end of the experiment while
their FRFs were almost like those of ordinary readers.
This might be due to the fact that additional factors such
as langunage problems contribute to the reading problems
of our group of dyslexics. Clearly this is a modest first
demonstration of the possible vaiue of the method of
treatment, but application of both the test and the
treatment on much larger groups of dyslexic children is
necessary before any general conclusions can be drawn.

The practise

We strongly emphasize that the regimen of practise
was placed at the initiative of the child with least possible
intervention of adults and with no structured school
practise at class. One part of this practise involved
small-scale novel hand-eye coordination tasks (com-
prised mostly of artwork) which should be considered
“fun". This motivated the children and gave them a
sense of accomplishment and success. We suggest that
this procedure is of importance as it feeds back by
success to encourage and drive the child. Concurrently,
the children were reading through a window in a blank
field which enabled them to perceive the forms of words
in isolation. They were observing words in i$olation at
a location where lateral masking was least, as identified
by the FRF test.

The rationale for this regimen of practise was given
earlier (Geiger & Lettvin. 1989, 1993; Geiger ef al., 1992)
and rests in part on the ‘“adaptation™ to new visual
spaces by active control of at least two sensory modali-
ties as suggested by Held and Hein (1958), Held and

Gottlieb (1958) and Kohler (1962). However, hand-eye
coordination tasks are not sufficient for the establish-
ment of a new visual strategy for reading as can be seen
from one of the subjects in this study. She was a good
artist before she came to us but was a poor reader.
Only after practising artwork novel to her con-
currently with reading through the window did she
improve in her reading skill. That suggests that consen-
sual interactions between the creation of a new visual
space associated with perception of words in isolation
gives the ability to recognize what to look for in the text,
i.e. words.

This description perhaps is the best argument for
keeping both parts of the regimen of practise as a unit
and not segregating it into its components.

The FRF

The number of subjects is not large but sufficient to
make the case for the FRF as a significant test and the
regimen as a new and important remediation of dyslexia.
The speed of response to the regimen is notable given the
common view that remediation of dyslexia is a stow
process.

From a broad selection of subjects suggested by the
schools, a group of dyslexics was selected by two tests,
the estimate of reading retardation from evaluating
reading skills and the FRF test. The FRF was well
correlated with dyslexia: we found a wide FRF for
dyslexics and a narrower one for ordinary readers. That
is, the FRF measures whether the subject has mastered
the wvisual strategy of reading without measuring the
reading capabilities. It used only recognition of single
letters.

The average FRF of the dyslexic children did not have
a “dip"” in peripheral letter recognition near the center.
However, the individual FRF shapes varied: 2 subjects
had a dip at 2.5° to the right, another 4 subjects had a
dip at 5° to the right, another 3 subject had a dip at 7.5°
to the right and the remaining 6 subjects did not have a
dip. This is different from the findings previously ob-
tained in adults {Geiger & Lettvin, 1987, 1989; Geiger
er al., 1992; Petty et al., 1989). Moreover. the FRF of the
dyslexics in this study is significantly wider on the left
side than that of the ordinary readers. One possible
reason could be the age of the subjects. The method of
measuring the FRF was similar in this study to the
previous studies (excluding the Geiger & Lettvin, 1987
study) where letter presentation was bilateral. In this
study only children were measured, not adults as in the
previous studies. However, measurement of 6 children in
the U1.S.A. have shown similarities of the FRFs between
adults and children including the dip near the center of
gaze (Geiger & Lettvin, unpublished results). Similarly,
measurement of 8 dyslexic children in laly (Zegarra-
Moran & Geiger, unpublished results) and 3 dyslexic
children in Israel (Geiger, unpublished results) have
shown that similarity. One feature of the remedial
procedure in the schools in Tiibingen is different from
elsewhere. That is the extensive use of the finger as a
reading marker for early readers, and, in later grades the

/o
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use of the “imaginary” finger. This practice by itself
would generate a distinct visual strategy.

Equal conditions

In a controlled experiment of this kind it is important
to equalize conditions between the compared groups as
much as possible to eliminate or reduce biases. That is
the reason why, in the closing interview at the end of the
first session, we told all the dyslexics to reduce time
pressure in dictations and other tests involving reading
and writing at school. We also made all the dysiexics
aware of their condition and explained it. This was
especially important as the school system did not recog-
nize the term dyslexia (Legasthenic). In addition we
encouraged the dyslexics by mentioning that their
achievements in school were great in face of their
condition, and that “we will do something about it
together™,

The psychological effect of these suggestions were
evident for all the dyslexics independent of group affili-
ation. They felt self-assured and encouraged. However,
although this psychological effect was evident in their
school performance (as told by the parent and teachers)
it did not show in reading performance {Table 1) or
FRFs (Fig. 5) of the control group. We believe that the
psychological reinforcement is of great importance in
our remediation of dyslexia and, in particular, our using
the explanation of the condition and the notion of visual
stralegies as a prerequisite for the regimen of practise.

Conclusion

The suggested regimen of practise is an effective
process of learning the visual strategy of reading. It is
short and enjoyable. However, this regimen of practise
is not going to succeed with a person who is not
motivated to learn to read. This is a modest demon-
stration of the method and should be tested again on a
larger sample of dyslexics.
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