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Background: Aim of the study is to provide an operational definition of “visual dyslexia” referred to a
particular subgroup of dyslexics characterized by x, y anisotropic perception of the visual space, or unstable
ocular dominance, or abnormal binocular interaction, and who benefit from increased interletter spacing.
The working hypothesis of this investigation is that in dyslexic children who show the abovementioned
alterations the correlation between reading rate and interletter spacing is a marker of visual involvement, and
supports a causal role of these visual-perceptive alterations in their reading problems.

Methods: Based on the results obtained by three psychophysical tests devised on purpose, a group of 193
school-age disabled readers with normal visual acuity and no significant co-morbidities has been classified
into four different classes: non-visual-perceptive sample, anisotropic sample (AS), abnormal binocular
interaction sample and unstable dominance sample (UDS). To test for the working hypothesis, the absence
of the visual marker has been verified in the non-visual-perceptive sample, and its presence has then been
investigated in the remaining classes.

Results: The non-visual-perceptive class was negative to the visual marker. In the other classes the average
reading rate of words and non-words improved as a function of the distance between characters (AS: R”: 0.51
and 0.43, P=0.01 and 0.02 respectively; abnormal binocular interaction sample: R’: 0.47 and R’: 0.57, P=0.02
and 0.007 respectively; unstable dominance: R’: 0.43, P=0.02 at non-words). Yet, individual analysis revealed
that the marker was present in no more than 23% of subjects with increased anisotropy, in 50% of unstable
dominants, and in only 12% of patients with abnormal interocular inhibition.

Conclusions: Even if on a population scale this line of investigation seems able to provide an operational
definition of “visual dyslexia”, the individual detection of the “visual dyslexics” requires methodological

improvement.
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Introduction

According to past literature a proportion of dyslexic
children are found to be impaired in some aspects of
visual processing, like contrast sensitivity (1-6), critical

fusion frequency (7), motion perception (2,6-9), or visual
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persistence time (6,10-13). Notwithstanding, a convincing
explanation of how such alterations may affect reading is
missing (14-16).

Whether dyslexics suffer from reduced contrast sensitivity
at low spatial frequencies is a highly controversial issue [see
Skottun (14) for a critical revision of the topic]. Indeed,
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in this case low contrast sensitivity should affect letter
recognition. Now, it has been reckoned that a reduction
of contrast sensitivity by at least 1 log unit is necessary
for halving the reading rate of a normal subject (17):
and yet, contrast sensitivity in dyslexics is found to be lower
than normal by no more than 0.1 log units for stationary
stimuli, and by 0.3 log units for stimuli flickering at high
temporal frequency; in addition, when present, the defect
is observed at low luminance levels and not in the ordinary
reading photopic conditions (2,18).

A parallel line of research provides evidence of reduced
sensibility to dynamic stimuli in a significant proportion of
dyslexic subjects. It has been argued that impaired motion
perception is related to defective spatial encoding, since it
would reflect how precisely letters are located and ordered
during reading (9,19,20). According to other studies,
motion perception would be more generally related to
visual attention (21,22). Regardless of the interpretation,
a straightforward explanation of how reduced motion
sensibility affects the lexical task in dyslexic subjects is
missing. The same applies to critical fusion frequency.

Finally, since the early seventies experimental evidence
suggests that the interval required to discriminate two
sequential stimuli is up to 100 msec longer in dyslexics than
in normal readers. This finding, called increased persistence
time, is expected to generate visual confusion during
reading as it enables the syllables projected in the parafoveal
area to interfere with the syllables on the fixation point
(6,10,13). Yet, the magnitude of the phenomenon does not
seem such as to justify a causal role in dyslexia: the duration
of a fixation, in fact, generally is about 180 msec, and up
to 450 msec (23). This is, indeed, an interval consistently
longer than the visual persistence time found in dyslexic
subjects.

As a matter of fact, Skottun and Skoyles stated that there
is little evidence for a specifically temporal deficit (be it
motion perception or visual persistence) in dyslexia (24).

Still, a proportion of dyslexics show visual alterations
whose causal relation with the lexical performance seems
more straightforward, namely increased spatial relationship
anisotropy (SRA) and the supposedly related stronger
lateral masking (25-31), unstable ocular dominance (32-37),
and, as we have recently posited, abnormal interocular
inhibition (38,39). It has been stated in fact, that the
competitive inhibitory interactions that characterize sensory
dominance promote image segmentation and grouping (40):
two perceptive tasks that play an important role in decoding
the written text.

© Annals of Eye Science. All rights reserved.

Annals of Eye Science, 2020

This exploratory study investigates whether in a
particular class of dyslexics these visual alterations provide a
contribution to their reading disability.

Increased SRA and lateral masking

Crowding (or lateral masking) is the reciprocal masking
effect of contiguous stimuli; this occurs if their spatial
separation is below a critical spacing (41).

Stronger crowding in dyslexic children is revealed by
improved performance (higher reading rate) as the distance
between letters is made larger (25-31,42,43). Actually, as
the space between adjoining characters widens, the amount
of reciprocal lateral masking decreases. Indeed, Spinelli and
colleagues found that the vocal reaction time when reading
isolated words decreased when the interletter spacing
was made wider in half of their dyslexic group, but not in
controls (31). Zorzi and colleagues found similar results
in a sample of French and Italian dyslexic children (43). In
line with these findings, we observed positive correlation
between reading time and interletter spacing in a group of
school-age children with a formal dyslexia diagnosis, but
not in normal age-matched readers (25).

We have recently hypothesized that increased lateral
masking in dyslexics depends on the anisotropic contraction
of the visual space along the X-axis. In this respect, it
should be noted that the anisotropic contraction of the
visual space would contribute to increased lateral masking
not in the classical sense of “increased central (or foveal)
crowding”, as it occurs in amblyopia, but in terms of its
abnormal distribution across the paracentral visual field,
i.e., where its main effect is exerted. The paracentral area,
indeed, is crucial for the lexical task as it pre-processes each
line of text during reading (26,28-30). Individuals with this
contraction would experience reduced distance between
letters. In support of this prediction, we found that dyslexic
readers often show defective spatial relationship perception
(SRP), which is the sensibility to the relative extent of a
configuration along the X-, and Y-axes (the aspect ratio). In
fact, a previous study reported that a proportion of dyslexics
have problems to distinguish horizontal ellipses from
circles, whereas their discrimination threshold for vertical
ellipses was as low as that of normal readers (25).

This difference in discrimination threshold along the
horizontal/vertical axis can be defined SRA. Increased
SRA, therefore, is an expression of abnormal (unbalanced)
SRP. In previous investigations, SRA was reported to be
almost double in disabled school-age readers compared to
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a sample of age-matched normal subjects (25), and up to
three times higher in adult dyslexics compared to normal
adult readers (39).

The effect of abnormal SRA on the lexical performance
of dyslexics may be revealed by improved reading fluency
when the space between the letters is widened: in this case,
therefore, the correlation between interletter spacing and
reading rate can be considered a visual marker in dyslexic
children. In other words, it suggests that a visual factor may
contribute to the lexical disability.

Unstable ocular dominance

When reading, the left and right visual axes converge
after each saccadic movement in order to provide exact
retinal correspondence of letters/syllables. Even slight
misalignments in the retinotopic location of letters in the
two eyes can prevent binocular motor fusion and cause
visual confusion (44).

"To neutralize, or at least minimize this complication, one
of the two eyes is assigned the role of “gaze director” by
the visual system. Indeed, the presence of a dominant eye is
stated to prevent the occurrence of fleeting slight positional
differences of the two visual axes, allowing a fixed reference
in binocular conditions (45-47). On the contrary, if ocular
dominance alternates between the left/right eye (unstable
dominance), the visual axes will oscillate around the syllable
in foveal projection, hampering its recognition and its
positional encoding (32,35,36,46,48).

Consistent with this assumption, unstable ocular
dominance in developmental dyslexia has been reported in
a substantial proportion of subjects (32-37,46,49-51), that
have therefore been defined as “visual dyslexics” (45).

Yet, some studies did not confirm the prevalence of
unstable dominance in the dyslexic population (47,52-54)
and its association with poor lexical performance (47,55). In
addition, the estimate of dominance provided by the Dunlop
synoptophore test [or a modified version (56) used in these
experiments] is argued to be biased by chronological and
mental age, making the test unreliable, especially in non-
experienced hands (47,52,57,58).

Ocular dominance investigated in the above studies
is more properly called “motor ocular dominance”. A
different type, namely sighting dominance [according to
the classification of Evans (59)], may be more indicative
in dyslexia. Motor dominance refers to the eye that shows
fewer fixation shifts when the visual axes converge toward
a syllable (vergence), whereas sighting dominance refers to
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the eye used when performing monocular tasks. Its role is
optimizing the motor visual directionality by providing a
fixed, reliable egocentric reference point (60-62). During
reading, weak or unstable sighting dominance may
determine characters and syllables position uncertainty,
thereby degrading letters/syllables positional coding (58).
In regard to this, it worth reminding that a link between
sighting and motor dominance has been postulated (63).

Since the tests for sighting dominance provide
unequivocal results, consistent across different measurement
methods, reliable (55,64-67), and free from most of the
drawbacks that affect the Dunlop test, there is ground for
considering the measurement of sighting dominance as the
soundest indicator of eye dominance: its role in reading
should therefore be investigated.

Sighting dominance is commonly estimated by the Hole-
in-the-Card test, considered as the most consistent among
the sighting tests (68), or by similar procedures based on the
alignment task (69-72). In all cases the observer is asked to
look binocularly at a target aligned to a proximal stimulus,
and the dominant eye is the one that continues to perceive
the target (or that maintains the alignment) after the fellow
eye is excluded. This way, the dominant eye can be detected
to check for a crossed dominance (left arm/right eye or vice
versa); yet, estimating the degree of dominance stability
can be an even more indicative parameter (55). In support
of this assumption, Sejias, pinpointed the importance to
develop a technique able not only to identify the dominant
eye, but also to quantify the magnitude of dominance (68).

To address this issue, we devised a modification of
the classical hole-in-the-card test, which have called
Domitest-M. This procedure aims to detect unstable
sighting dominance and, in addition, to measure the
displacement of the egocentric reference, so as to evaluate
if this variable may be involved in the reading disability.
Contrary to the Dunlop test, our technique does not require
skilled operators, does not make use of a synoptophore or
other expensive instruments, and is user-friendly.

Since, as reminded, weak dominance is supposed to affect
letters/syllables positional coding during reading, widening
the distance between letters should prevent unstable
dominant readers from positional errors. Like for SRA,
the effect of a weak ocular dominance (estimated with the
Domitest-M) on the lexical task would therefore be revealed
by the presence of the visual marker. As a confirmation,
Cornelissen and associated reported that suspected dyslexics
with unstable dominance are more prone to non-words
errors when the text print size is reduced (therefore when
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the distance between the characters is made smaller),
contrary to children with stable dominance (73).

Abnormal binocular sensory interaction

Since the sixties, binocular sensory interaction is found
to be modulated by suppression mechanisms (74-76), and
asymmetric inhibitory interocular modulation is actually
regarded as the basis of sensory ocular dominance (77).
The sensory dominant eye is the eye whose percept prevails
when the brain receives two different visual inputs. Due
to sensory dominance, two different images presented
dichoptically for a given period of time generate binocular
rivalry, so that one image dominates for a given interval of
time, then it is inhibited and replaced by the contralateral
one. This cyclic alternation of perception, called bistability,
can be biased toward the left or the right eye, and the
sensory dominant eye refers to the eye that shows overall
shorter periods of inhibition.

Binocular inhibitory interaction is thought to be engaged
in image perceptual segmentation and grouping (40):
two functions, indeed, involved in decoding the written
text. It is conceivable that excessive binocular inhibitory
interaction affects letter positional coding during reading.
So, it is worthwhile establishing whether abnormal sensory
interaction contributes to the reading disability. In this
study, therefore, also the interocular sensory dynamics of
dyslexic children has been investigated.

The techniques commonly used to measure this function
make use of rivalry paradigms (77-81): with the use of
rivalry paradigms, sensory input in normal subjects is found
to be substantially balanced (68,77,80,82,83).

The procedures based on dichoptic rapid serial visual
presentations (RSVPs) provide a more objective measure
of interocular differences in the pattern of suppression
compared to rivalry paradigms (81). In the RSVP stimuli
like letters, digits, or figures are presented tachistoscopically
at the same location, and a target is embedded in the stream.
The observer is asked to identify the target (84). By using
this approach in dichoptic conditions and with alphabetical
stimuli, Valle-Inclan er 4/. reported consistent perceptual
suppression in their sample of normal readers, and a wide
range of dominance values (81).

In two previous investigations (38,39), we described a
RSVP-based technique similar to that presented by Valle-
Incldn, but with the alphabetical stimuli replaced with
checkerboard patterns, in order to make the procedure
more suitable to test dyslexic subjects. By using this
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paradigm, we have called Domitest-S, we found that the
left/right eye sensory input is substantially balanced in the
majority of the normal school age population, but it is even
more balanced in adult (mature readers). In addition, the
distribution of the interocular inhibition is unimodal in
adult (mature) readers, whereas it is bimodal and stronger

in children (38) [confirming what previously reported by Li

and colleagues (77)], and in dyslexic adults (39).

In this paper, we intend to evaluate if abnormal
interocular inhibition as well as unbalanced sensory input
affect the positional coding of letter and syllables in dyslexic
readers. We postulate that the detrimental effect of this
function on the readability of the characters depends on
their spatial density: therefore, also in this case a correlation
between reading rate and interletter spacing is expected.

In sum, the exploratory hypothesis is that there are
groups of dyslexics that have at least one of the visual-
perceptive alterations mentioned above: abnormal SRA
putatively responsible for abnormal crowding, weak sighting
dominance, and abnormal binocular interaction. In these
cases, making interletter distance larger should improve the
reading rate, so that positive correlation between reading
rate and inter-letter distance can be taken as a marker of
“visual dyslexia”.

Evidently, to investigate these assumptions it is necessary:

% To provide a cutoff of normality for the three visual-

perceptive variables;

% To verify that dyslexics with the three variables
below the cutoff of normality do not present the
visual marker;

% To ascertain that dyslexic readers with one of the
three variables above the cutoff are positive to the
visual marker. This is a material point in order to
maintain that the three visual parameters are causally
related to the lexical task in these classes of subjects,
justifying their definition of “visual dyslexics”.

Methods
Measurement of the SRA

A detailed description of the psychophysical test devised
to measure SRA as well as the normative data have been
reported in previous papers (25,85). The SRA estimation
relies upon the difference in the discrimination threshold
between vertically/horizontally oriented ellipses and circles.
The variable of interest is the eccentricity of the ellipse,
quantified by its focal axis, while the other parameters
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Figure 1 Samples used to estimate the SRA. During the examination in a dim room the sinusoidal frame is barely visible. Each stimulus

lasted 200 msec. From Aleci and colleagues (85). SRA, spatial relationship anisotropy.

(luminance, contrast, size) are kept constant. The degree of
eccentricity is expressed as interaxis ratio (IR):

IR = [f(x) - f(y)]/f(m,) (1]

where f(x) and f(y) are, respectively, the horizontal and
vertical axes, and f(m, ) is the focal axis. This way, the IR at
threshold represents the minimum eccentricity required to
discriminate an elliptical from a circular stimulus. Naturally,
the IR of a circumference is =0. The IR values ranged from
0.01 to 0.34.

Elliptical and circular targets (mean target size: 300 min
arc, contour line 1.8 min arc wide, luminance =160 c¢d/m’
luminance background: 40 cd/m’) are presented centrally
for 200 msec at a viewing distance of 50 cm on a 262K LCD
screen (resolution: 1,280x1,024 pixels, 60 Hz) surrounded
by a black sinusoidal mask (radial frequency: 0.022 c/deg:
Figure 1). The exam is performed binocularly in a dim
room.

A white flickering central cross (34.2 min arc wide,
6.6 Hz) is presented at the center of the screen for 1 sec to
capture the fixation of the subject before the onset of each
stimulus. The subject has to recognize the target as a circle
or a horizontal/vertical ellipse according to a forced triple
choice procedure GAFC).

At each trial the level of eccentricity varies according to
two interleaved but independent modified staircase 4-2-1
procedures, one selecting the horizontally oriented stimuli,
the other positioning the vertically oriented stimuli. This
way, the discrimination threshold referred to the horizontal
(X-) and the vertical (Y-) coordinate are estimated separately
during the same session, and the response to one orientation
does not affect the staircase run referred to the other: their
difference (X-threshold-Y-threshold) quantifies the amount

© Annals of Eye Science. All rights reserved.

of SRA of the visual system under examination. In this
experiment SRA (X-threshold-Y-threshold >0) expresses
greater sensitivity along the vertical axis, suggesting
that visual stimuli are perceived as contracted along the
horizontal coordinate to a certain extent: evidently, the
same anisotropy is expected to affect words when reading,
so that in subjects with consistent SRA adjoining letters will
be perceived closer (i.e., more crowded).

Measurement of sighting dominance

The Domitest-M, a modified version of the hole-in-
the-card test, has been devised as follows: a rectangular
paperboard with a horizontal graduate scale on both
sides of a fixation target (a star) is placed 70 cm from the
observer, who sits on a chair with the head on a chinrest. A
black mask with a hole (7 mm wide) in the center is placed
midway (35 cm) between the observer and the scale. The
separation between each number (size: 0.4 deg) on the scale
is 1 deg at the viewing distance.

The test is administered in a well illuminated room. The
subject aims binocularly at the star through the hole. Then
the eyes are occluded alternatively and the observer is asked
to report the number seen on the graduate scale after the
dominant eye is excluded.

The procedure is repeated five times, and each time the
observer is asked to remove and reposition the head on the
chinrest; if the same score on the same scale is recorded
at every trial, dominance is considered stable. Otherwise,
dominance is classified as unstable.

Based on a previous study by Barbeito & Simpson, the
angular difference between the pointing direction of the
dominant eye aiming at a target through the hole and the

Ann Eye Sci 2020;5:32 | http://dx.doi.org/10.21037/aes-20-86



Page 6 of 19

Annals of Eye Science, 2020

I 7654321891234567

765432181234567 I

Figure 2 Sighting dominance. The displacement of the visual axis of the non-dominant eye from the target is measured as the angular

distance between the target and the point on the left or on the right seen by the subject through a hole when the dominant eye is occluded.

This difference reflects the displacement of the egocenter from the midline. See text for details.

contralateral (non-dominant) eye measured after occluding
the former reflects the displacement of the egocenter (61):
thereby, in case of stable dominance the angular value
reported by the observer is adopted to quantify the
lateralization of the sighting dominance (Figure 2).

This way, the procedure provides a binary outcome of
dominance (stable/unstable), and a parametric score of the
degree of its lateralization.

Measurement of the asymmetry and strength of the
interocular inbibition

The description of the technique devised to evaluate
the sensory interaction and the amount of interocular
inhibition, along with the normative data collected in a
sample of more than 150 normal school-age readers (3", 4™
and 5™ grade), is reported in detail in a previous paper (38).
Fifteen pairs of sequences, each made of 10 stimuli
subtending a visual angle of 1° in foveal projection, are
displayed dichophtically at a viewing distance of 70 cm on
a 262K LCD color monitor (1,280x1,024 pixels, 60 Hz)
according to a RSVP paradigm (84). Each sequence consists
of a 5x5 matrix made of 0.2° wide black and white squares
(luminance: 0.3 and 240 cd/m’, respectively) arranged to
form a “X” (the target) embedded in a stream made of
nine matrixes arranged in pseudorandom order to form a
checkerboard-like pattern (null stimuli). The luminance of
the background was 240 cd/m’. The presentation time of
each stimulus is 200 msec with no interstimulus interval:
therefore, the duration of each stream is 2 seconds. The
stimuli are projected 2 deg apart from the midline for
200 msec, the left and right sequences are presented
simultaneously, and the dichoptic condition is obtained by
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using a rectangular cardboard mask (50.5 cm wide x 25 cm
high) placed perpendicularly between the midline of the
screen and the face of the observer, and aligned to the nose.
At every trial the “X” is displayed at a random position (from
position 2 to position 9) to the left or the right eye, so that
at the end of the examination each eye is presented the same
number of targets. The task is to report the detection of the
target by pressing a button. In the presence of the target,
no response is considered as a miss answer and the next trial
occurs after 2 seconds (Figure 3).

To assess the reliability of the test, false positive (FP)
and false negative (FN) errors are computed. FN errors are
evaluated by administering three sequences with no target.
In turn, FP errors are evaluated by presenting three trials
with the target displayed to both eyes in the same temporal
position within the stream. Examinations with more
than one type I error and more than one type II error are
considered as unreliable, then discarded and repeated after
a few minutes.

The difference between the right-left proportion of
correct responses is assumed as the indicator of binocular
input imbalance [imbalance value (IBV)], so that the higher
is the IBV (taken as absolute value), the more imbalanced
is the binocular sensory processing. Evidently, IBV =0
indicates complete binocular sensory balance.

To quantify the interocular inhibitory interaction, the
interocular inhibitory index (III) has been computed as:

III = 2 - (Lpercent correct T Rpercent Correct) [2]

To be noted that the short presentation time of the
stream avoids that sources of external noise, like eye blinks
and shifts of fixation, affect the procedure. In addition, the
dichoptic RSVP paradigm has been preferred to the current
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Figure 3 The last three presentations of a stream of stimuli in

the dichoptic RSVP technique used in the experiment. The arrow
indicates that the temporal sequence in each stream of stimuli is
made of 10 intervals each lasting 200 msec. In this trial, the target
is in the ninth interval of the stream, and is presented to the right
eye. From Aleci and colleagues (38). RSVP, rapid serial visual

presentation.

rivalry paradigms as tachistoscopic presentations disengage
sustained attention, minimizing, especially in children,
attentional drops.

Assessment of the visual marker

On the same high-resolution LCD screen adopted in the
tests previously described, 11 presentations of words and
11 presentations of non-words are displayed in randomized
order. To evaluate the effect of the interletter distance on
the lexical as well as sublexical route, each presentation (or
trial), is made of four words or five non-words (12 syllables
in all) placed side by side (font free monospace). The lexical
material is suitable to the age of the child: from the 3" to
the 5 grade. Words and non-words are made of dark letters
0.4 degrees in size (i.e., well above the foveal recognition
threshold) displayed on a background with luminance of
85 cd/m’). Trials are presented unmodified (i.e., in their
normal spatial relationship) or stretched/contracted along
the horizontal axis (anisotropization) so that the interletter
distance (computed center-to-center) ranged from 0.2 up
to 0.51 deg (in 13 steps), with 0.4 deg taken as the reference
interletter spacing. This interval has been chosen in
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line with two earlier studies (86,87), and it matches the
interletter distance commonly adopted in the Italian lexical
material.

The lexical sample presented at each trial differs from the
previous one. The subject is required (without being urged
to the best performance) to read each presentation, that
remains visible on the screen the time required to complete
the operation. Time after time the reading rate (as syllables
per second) is automatically recorded via a wireless tablet
activated by the technician. To make the measurement
of the reading time more precise, the software tests the
auditory reaction time of the operator in advance, then
subtracts the obtained temporal interval from the reading
time recorded at each trial.

After completion of the first set of presentations, a
second set made of trials with different lexical material is
administered, so as to provide two estimates for each value
of anisotropization. The best estimate of each couple of
trials is selected and entered in the data analysis. At the end
of the test, correlation between reading rate and interletter
distance is finally computed. Pearson r is considered

significant for P<0.05 (25).

Sample

The records of one hundred ninety-three school-age
dyslexic or retarded readers (108 males, 85 females, age
7-10 years, 3"-5" grade of primary school) who underwent
our protocol of sensory evaluation in the past 6 months have
been selected from the archive of the neuro-ophthalmology
service of our department by a physician not involved in the
study. Children were referred to our service from neuro-
psychiatrists and speech therapists interested in obtaining
information about the co-occurrence of a visual-perceptual
impairment.

The diagnosis of reading disability was made by a neuro-
psychiatrist according to the criteria outlined by Stanley
and Hall (88) that is: lexical age reduced by at least 2.5 years
with reading rate, normal intellectual ability and normal or
above normal 1Q, normal visual acuity and no behavioral
or auditory impairment. IQ was measured by the WISC-III
scale, while reading rate was assessed using the M'T Reading
Test (89).

Exclusion criteria were pediatric ophthalmological
diseases, hyperopia/myopia >2 diopters, astigmatism >1.5
diopters, natural or corrected visual acuity <50/60 in one
eye, eso/exotropy, poor convergence (>8 cm from the nose),
auditory impairment, behavioral problems, diagnosed
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attention deficit hyperactivity disorders (ADHDs), and poor
collaboration. Phorias that were not considered an exclusion
criterion unless they were judged as severe (exophorias
higher than 13 pd and esophorias higher than 2 pd measured
with adequate refractive correction). None of the children
in the sample had severe phorias or poor convergence. After
a preliminary ophthalmological and orthoptic examination
(comprehensive of cycloplegic refraction with tropicamide
0.5% and a summary estimate of accommodation and
convergence), SRA, sighting dominance, and binocular
sensory interaction have been evaluated in randomized
order. The correlation analysis between interletter spacing
and reading rate was left until last.

In order to rule out learning effect and to help the
subjects get accustomed to the test, in our clinical practice
each trial is always repeated twice, and the first estimates
are discarded.

Evidently, the problem of gathering reliable data
is crucial when administering psychophysical tests to
children. The issue is more evident with dyslexic pupils,
who generally feel uncomfortable with the request of
performing reading tasks, and in particular reading aloud.
And yet, reading words and non-words aloud was necessary
in our experiment to assess if reading speed increases as a
function of the interletter distance (i.e., in order to test for
the visual marker of dyslexia). In addition, the fluctuation
of the performance due to attentional drops, emotional as
well as other psychological factors can frustrate the search
for significant and potentially interesting trends: even more
so, considering the well-known high susceptibility of the
regression and correlation analysis employed in this study
to outliers and aberrant observations.

For all these reasons the biasing effect of unreliable
estimates on the regression model adopted to test for the
visual marker was our main concern. The initial sets of data
on the reading rate measured as a function of the interletter
spacing have therefore been filtered based on a restrictive
criterion: namely, tests with the reading rate at the
narrowest interletter distance higher than at the reference
distance (0.4 deg) were considered unreliable, thereby
discarded.

By applying this criterion the reliable dataset for the
computation of the regression models dropped to 112
reliable observations with the words samples and 76 reliable
observations with the non-words samples.

The Grubbs test (alpha level: 0.05) performed on the two
samples of reliable observations revealed no outliers in each
correlation analysis.

© Annals of Eye Science. All rights reserved.
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Cutoff assessment for the variables under consideration

The threshold of abnormality for the three parameters has
been established as follows:

(I) SRA abnormal if >0.05. The cut off is derived
from the average SRA of normal readers + 1.5 SD
estimated in our previous study (25). As reported
in that paper, only one normal reader (4.3%)
vs. 38% of the dyslexic subjects had SRA above
this threshold. This parameter is similar (even if
more conservative) to the one we adopted in the
abovementioned investigation (average SRA of
normal readers + 1 SD) as well as to that chosen by
Spinelli and colleagues (31) to define the cut-off
for abnormal crowding. One percent point equals
to a difference of 3.3 arc min between the x, y at
the adopted viewing distance. So, subjects with an
anisotropic perception above the cutoff were unable
to identify ellipses with difference between the
two axes lower than 16.5 min arc. In the recruited
sample, the prevalence of subjects with SRA above
the cutoft of normality was 22.7%.

(I) Sighting dominance abnormal if unstable or with
lateralization <4 deg: preliminary assessment of the
stability of sighting dominance has been performed
on a sample of 17 normal school-age children (9
females, 8 males, range 8-10). All subjects showed
stable dominance, in line with the results obtained
by Stein & Fowler with the Dunlop test (46).

In addition, the egocenter displacement has been
estimated in the same group. No correlation was
found with interpupillary distance (r=0.09, P=0.71)
or phorias (r=0.01, P=0.96). Irrespective of the
direction of lateralization, median displacement of
the egocenter was 7 deg (95% CI: 4-8 deg). In this
respect, the lower limit of the confidence interval
has been chosen as the cut-off of normality.

(IIT) IBV abnormal if >0.27, that is beyond the third
quartile in the frequency distribution of a normal
age-matched population, as evaluated in a previous
study (38). The normal school-age population
was made of 152 children (mean age 9+0.8 years)
recruited from a 3rd, 4th and Sth school grade
primary school. This assumption is supported by
the evidence that in almost 90% of mature readers
the IBV is equal to or lower than 0.27 (39): the
sample of mature readers was made of 95 normal
adolescent and adult subjects, ranging in age from

Ann Eye Sci 2020;5:32 | http://dx.doi.org/10.21037/aes-20-86
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Figure 4 Upper panels: frequency distribution of the binocular sensory asymmetry expressed as IBV. Abscissa: IBV; ordinate: frequency
of the observations. Lower panels: frequency distribution of the interocular inhibition (expressed as IIT). Left: normal children (immature
readers [from Aleci and colleagues (38)]; right: mature readers [from Aleci and colleagues (39)]. Abscissa: III, ordinate: frequency of the

observations. In all the cases the vertical line represents the cutoff level. IBV, imbalance value; III, interocular inhibitory index.

Table 1 Cutoff levels for the continuous variables under
consideration

Variables Cutoff Reference

SRA 0.05 Aleci et al. (25)

1BV 0.27 Aleci et al. (38); Aleci et al. (39)
I} 1.13 Aleci et al. (38); Aleci et al. (39)

SRA, spatial relationship anisotropy; IBV, imbalance value; I,
interocular inhibitory index.

12 to 26 years (Figure 4, upper panels).

(IV) III abnormal if >1.13, that is when the interocular
inhibition of the subject matches the second cluster
(subjects with strong interocular inhibition) found in
normal school-age readers, as evaluated in a previous
study (38). The rationale of this assumption relies on
the evidence that the second cluster is found absent
in mature readers (39) (Figure 4, lower panels).

© Annals of Eye Science. All rights reserved.

The cutoff levels for the continuous variables under
consideration are summarized in Table 1.

Subjects exceeding the cutoff relative to each of these
variables have been selected (only one variable above
the cutoff at a time). In each of the three groups the
detrimental effect of the abnormal parameter on the
reading performance has been verified checking for the
visual marker. The presence of the visual marker is verified
by performing regression analysis between interletter
spacing and normalized reading rate after the latter has
been normalized by dividing the value measured at each
interletter distance by the value measured at the reference
spacing (0.4 deg).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional ethics board of the University
of Turin as a degree Thesis (No. 754741/10.11.2016). As a

retrospective study performed on an existing database, no

Ann Eye Sci 2020;5:32 | http://dx.doi.org/10.21037/aes-20-86
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Table 2 Average SRA, IBV and III in each class of dyslexics

Annals of Eye Science, 2020

ANOVA Class IBV 1

a NVS 0.67 (+2.46) 0.16 (+0.08)" 0.61 (+0.33)
b AS 8.95 (+3.18) 0.12 (+0.09) 0.63 (+0.29)
c BIS 0.63 (+2.11) 0.42 (+0.09) 0.67 (+0.41)
d s 0.1 (+2.33) 0.1 (x0.07) 1.52 (+0.24)
e uDS 0.66 (+2.67) 0.07 (+0.10)" 0.61 (+0.28)

In brackets is the standard deviation. ANOVA (a, c, d, e): F: 0.10, P=0.95; ANOVA (a, b, d, e): F: 3.07, P=0.03; ANOVA (a, b, c, e): F: 0.10,
P=0.95. 1, Tukey-Kramer: q(3.72)=3.95. SRA, spatial relationship anisotropy; IBV, imbalance value; I, interocular inhibitory index; NVS,
non-visual sample; AS, anisotropic sample; BIS, binocular imbalance sample; IIS, interocular inhibition sample; UDS, unstable dominance

sample.

informed consent was necessary.

Results

Of the selected sample, 12 and 37 children did not complete
the reading test with words and not words, respectively.
Average reading rate obtained from the remaining 181
examinations with words and 156 examinations with non-
words was 2.16 syl/sec (=1.13) and 1.28 syl/sec (x0.56).

Based on the criterion reported in “Sample” section, 112
tests in the word modality and 76 in the non-word modality
were judged reliable, therefore entered in the regression
analysis for the assessment of the visual marker.

Thirty-three subjects [mean age: 8.78 (x1.26) years] did
not exceed the cutoff of anisotropy + binocular sensory
balance + interocular inhibition, and sighting dominance
was stable: this group has been considered as the reference
sample of “non-visual dyslexics” [non-visual sample
(NVS)]. In the NVS 25 and 12 reliable reading measures
were obtained in the words and non-words modalities,
respectively. In both cases data were normally distributed
(D: 0.15 and D: 0.19, P>0.10 at Kolmogorov-Smirnov test).
Mean reading rate in the NVS was 2.55 syl/sec (x1.40) at
words and 1.69 syl/sec (0.89) at non-words.

Twenty-four subjects exceeded the threshold of
anisotropy, while the other visuoperceptive indexes under
evaluation were normal [anisotropic sample (AS)]; in turn,
12 children showed binocular sensory imbalance above the
cutoff [binocular imbalance sample (BIS)], and 10 dyslexic
readers showed abnormal interocular inhibition [interocular
inhibition sample (IIS)]. Finally, 12 subjects had unstable
sighting dominance [unstable dominance sample (UDS)];
in all cases the other visual parameters were normal. The
five subgroups were matched for age [Kruskal-Wallis,

© Annals of Eye Science. All rights reserved.

(KW): 2.55, P=0.63], and the reading rate did not differ
significantly (words: F: 2.29, P=0.06, one-way ANOVA;
non-words: KW: 7.36, P=0.1, KW).

In the group showing unstable ocular dominance, IBV
was lower compared to the NVS. In any other class each
value referred to the visual variables not characterizing that
class was not statistically different from the other classes

(Table 2).

AS

Figure 5 shows the effect of interletter spacing on reading in
the NVS and in the AS.

Text manipulation did not affect the reading rate of the
non-visual dyslexics, irrespective of the lexical material
administered (words: R*: 0.24, P=0.11; non-words: R*: 0.06,
P=0.44; Figure 5A4,B). Indeed, in the NVS the visual marker
was positive only in two cases (words modality, FP rate: 6%).

Conversely, the dyslexic children with SRA above
the cutoff showed improvement of the reading rate as
a function of the distance between adjoining characters
(words: R% 0.51, P=0.01; non-words: R*: 0.43, P=0.02;
Figure 5C,D). As a confirmation of the effect of SRA on the
lexical visual processing, in the total population of dyslexic
readers the amount of anisotropy showed a positive
correlation with the slope of the regression model (R*: 0.07,
P=0.02; Figure 5E).

Abnormal binocular sensory interaction

The relationship between interletter spacing and reading
rate in the sample with abnormal binocular sensory
interaction is shown in Figure 6. In the presence of
imbalanced sensory input the coefficient of determination

Ann Eye Sci 2020;5:32 | http://dx.doi.org/10.21037/aes-20-86
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Figure 5 Normalized reading rate as a function of interletter spacing. (A) NVS, words; (B) NVS, non-words; (C) AS, words; (D) AS,

non-words; abscissa: interletter spacing (deg); ordinate: reading rate (syl/sec); (E) rate of improvement of reading speed as a function of

SRA (non-words). In abscissa is reported the SRA (percent). NVS, non-visual sample; AS, anisotropic sample; SRA, spatial relationship

anisotropy.

was not significant (R*: 0.09, P=0.35, and R*: 0.36, P=0.04
for words and non-words, respectively). Reading rate
of subjects with increased interocular inhibitory pattern
was related to the interletter spacing when words were
administered (R* 0.60; P=0.004), but not with non-words
(R’: 0.12, P=0.28; Figure 6A4,B,C,D).

In order to describe the binocular sensory interaction
in a more comprehensive way, a vector Vg, combining
the amount of interocular inhibition (IIT) and the degree
of imbalance of the sensory dominance (IBV) has been

© Annals of Eye Science. All rights reserved.

computed as:
V=3 x (1 —IBV) +III 3]
Based on the IBV and IIT cutoffs IBV: 0.27, III: 1.13, see

“Cutoff assessment for the variables under consideration”
section), the limit of normality for Vj;, is 3.32, as derived
from the equation.

The coefficient of determination of the regression model
computed in the sample with V;; >3.32 was R’: 0.47, P=0.02
(words), and R*: 0.57, P=0.007 (non-words) (Figure 6E,F).

Ann Eye Sci 2020;5:32 | http://dx.doi.org/10.21037/aes-20-86
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Figure 6 Normalized reading rate as a function of interletter spacing. (A) BIS, words; (B) BIS, non-words; (C) IIS, words; (D) IIS, non-

words; (E,F) sample with V; >3.32 (words and non-words, respectively). BIS, binocular imbalance sample; IIS, interocular inhibition sample.

Sighting dominance

Twenty-seven subjects (14%) had unstable sighting
dominance. In 12 cases the other variables were normal,
while in the remaining cases dominance instability was
associated with one, two or three of the other abnormal
visual parameters (Tuble 3).

The binary outcome of dominance obtained at
Domitest-M (stable/unstable) was not related to the age of
the observer (chi-squared: 1.70, P=0.19). In average, the
unstable dominant dyslexics did not read slower than the
stable dominant dyslexics when presented with words (t:
0.35, P=0.95) and with non-words (t: 1.73, P=0.09).

The coefficient of determination of the regression

© Annals of Eye Science. All rights reserved.

analysis between normalized reading rate and interletter
spacing in the 12 children with unstable dominance was R’:
0.13 (P=0.26) at words, and R*: 0.43 (P=0.02) at non-words
(Figure 7).

Finally, 32 dyslexics had the egocenter displacement
under the lower limit (4 deg). Of these, in eight cases the
other visual parameters were normal. In this group no
correlation was found between egocenter displacement and
words/not words reading rate (P>0.05 in both cases).

Discussion

Among the visuoperceptive alterations supposed to

Ann Eye Sci 2020;5:32 | http://dx.doi.org/10.21037/aes-20-86
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affect dyslexics, increased crowding and unstable fixation
due to unstable ocular dominance seem to provide a
straightforward explanation of why dyslexic children fail
to read fluently. As we have posited (38,39), abnormal
interocular inhibition could play a causal role as well.

A number of studies, indeed, showed that widening
the distance between letters improves reading speed
in unselected samples of dyslexics by counterbalancing
the abnormal lateral masking between adjoining letters.
Recently we postulated that the source of increased
crowding in dyslexics relies upon an anisotropic SRP of the
visual space (25); in addition, we have posited that larger
intervals between letters help minimize the positional errors
also in subjects with unstable ocular (sighting) dominance
and with abnormal binocular sensory interaction (39).

The basic assumption is that the detrimental effect

Table 3 Unstable dominant subjects in each class of dyslexics

Class Unstable dominants (nb)
NVS 0

ubs 12

UDS + AS 3

UDS + BIS 4

UDS + IIS 4

UDS + AS + BIS 1

UDS + AS + IIS 3

Total unstable ocular dominants 27

NVS, non-visual sample; UDS, unstable dominance sample;
AS, anisotropic sample; BIS, binocular imbalance sample; IIS,
interocular inhibition sample.
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of these three visual anomalies on the lexical task can be
postulated only if positive dyslexics prove to be sensitive to
the distance between characters: this is the visual marker,
in fact, that provides the basis for defining subjects showing
one or more of these visuoperceptive problems as “visual
dyslexics”.

Indeed, after having set the cut-off of normality for
each of these visual parameters, the results obtained in
this exploratory study suggest that reading is sensitive to
interletter spacing (the visual marker) in the groups of
dyslexics above the threshold of anisotropy, but not in those
whose visuoperceptive parameters remain within the limit
of normality.

As recalled, dyslexics in average perform better when
the distance between characters is made larger. The same
behavior, ascribed to abnormal crowding, is less evident or
does not apply at all to normal readers (25,31,43,90-92). In
this respect, Chung was the first to report that in general
reading speed does not benefit from increased letter spacing
in normal adult subjects (90).

However, Atkinson (27) and Spinelli and colleagues (31)
showed that, when considering the individual cases, only a
minority of disabled readers suffer from increased lateral
masking. The criterion for abnormal crowding adopted by
Spinelli was the difference between vocal reaction time of
crowded and isolated words, and the cutoff was computed as
this average difference measured in the normal population +
1 SD (31). The authors found that only 32% of the
recruited dyslexics (7 out of 22 subjects) were affected by
abnormal lateral masking. A similar proportion (about 30%,
i.e., 4 out of 13 cases) has been reported by Atkinson.

The criterion adopted in the present study relies upon
the measure of SRA, assuming that the higher is the
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Figure 7 Normalized reading rate as a function of interletter spacing in the sample with UDS: (A) words, (B) non-words. The number of

observations seems less than 12 due to overlapping them. UDS, unstable dominance sample.
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anisotropy, the more evident is the effect that increased
interletter spacing has on reading. We have suggested,
therefore, that the anisotropic perception of the visual space
affects lateral masking (25). Adopting a cutoff of normality
similar to that used by Spinelli, in our larger sample 23%
of the disabled readers (44 out of 194 subjects) fell beyond
the cutoff of anisotropy, whereas about half of the subjects
(49%) showed anisotropic levels below the normal average
value of 0.02 computed in a previous study (25). Our
finding, therefore, confirms that only a subgroup of dyslexic
children suffer from abnormal lateral masking. As a matter
of fact, the anisotropic group showed improved reading rate
when interletter distance was increased across a range of
0.37 degrees, and the coefficient of the linear model
correlated with the degree of anisotropy in the overall
sample of dyslexics when the sublexical route was adopted
(letter-to-letter reading). Evidently, the specific impairment
of the visual channel in these subjects plays a consistent
role in their reading disability, so that these cases could be
defined “visual dyslexics”.

On the contrary, the ameliorative effect was absent in the
non-visual dyslexics, that are dyslexics who did not show
abnormal anisotropy (as well as alterations in the other
visual variables considered).

In summary, our data suggest that dyslexics who show
anisotropy beyond the normal range tend to read more
fluently when the interletter distance is made wider, while
dyslexics with anisotropy below the cutoff level do not.
Based on this finding, the former (but not the latter) suffer
from this specific impairment of the visual channel we have
posited to lead to reinforced crowding: this way, increased
SRA, rather than being an epiphenomenon, is proved
to play an active, causal role in determining the reading
disability. It is worth recalling that, according to previous
studies, SRA in young adults (mean age 29.3x11.6 years)
was half the value found in non-dyslexic children (mean age
9.2+2.0 years, SRA: 1.13£2.19 vs. 2.36+1.75) (25,85). It is
therefore arguable that SRP matures through development,
and this maturation may be a requisite for normal reading
acquisition.

The correlation between reading rate and interletter
spacing is not limited to reveal dyslexics with abnormal
SRA, but can be regarded as a more general marker of
visual-perceptive impairment. Indeed, as pointed out by
Perea and colleagues (91) and Perea (92), the ameliorative
effect of larger distances between characters in dyslexics
relies on improved letters position coding within words
[see Davis (93) and Gomez and colleagues (94) for two

© Annals of Eye Science. All rights reserved.
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models]. As a matter of fact, we have found that the lexical
performance of dyslexics with normal crowding but
unstable sighting dominance and, more evidently, in those
with abnormal interocular interaction tend to improve if the
spatial density of the letters is reduced.

In this study only a minority of dyslexic children had
unstable sighting dominance, isolated or associated with
other visual-perceptive alterations. The proportion is
far lower than that found by Stein and Fowler with a
modified version of the Dunlop test (52% to 63%) (46),
and by Bigelow and McKenzie with a Dunlop test-derived
portable device (tranaglyph: 64%) (48). Probably, as
already suggested, different procedures provide different
estimates (62,67): as a matter of fact, in a study of Zeri and
colleagues motor dominance (Dunlop test) was unstable in
65% of cases whereas no dyslexics with unstable sighting
dominance were reported (55). Indeed, it has been recalled
that the Dunlop test (and presumably the tranaglyph) is
more demanding compared to the hole—in the card-based
sighting tests, as in the former a fusional effort is required
during the examination (95): on the basis of this, it is
expected that a higher proportion of dyslexic subjects fail
the Dunlop test compared to the sighting tests.

In our study the reading rate of unstable dominants is
not worse than stable dominants, in support of the lack
of correlation between unstable ocular dominance and
reading performance previously found by Newman (47)
and Zeri (55). Yet, unstable dominants showed improved
reading speed when the distance between letters of non-
words was made larger: probably fixation instability affects
mainly the sublexical route, that is syllable-by-syllable
decoding. It would be interesting to know if normal readers
with unstable dominance show the visual marker as well,
revealing itself as FP.

Finally, according to our definition binocular sensory
interaction is determined by the degree of left/right sensory
imbalance and by the amount of interocular inhibition. Even
if on average the binocular input is substantially balanced in
the normal population (68), in individual cases it is biased
to the left or right side to a certain degree. Kommerell
and colleagues used the Freiburg Ocular Prevalence Test
and provided a nominal scale to quantify the amount of
perceived displacement of two targets presented at stereo-
disparity of 7’ in the midline between the two eyes (82). The
scale ranged from 0% (no prevalence, i.e., perfect balance)
to 100%. The authors found evident imbalance in 65% of
cases. Similarly, the Domitest-S provides a quantitative scale
of sensory asymmetry ranging from 0.00 (perfect balance) to
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1.00 (complete imbalance). In line with the finding reported
by Kommerell and colleagues, in previous investigations we
found that the sensory input was substantially imbalanced
(IBV 20.2) in 64% of normal children, but only in 20% of
normal adult (“mature”) readers. Yet, we found that in a
consistent number of cases the degree of this asymmetry
was small, with IBV (irrespective of the L/R side) lower
than 0.1 in 25% of normal children, increasing up to 63%
in adults (38,39). The lower sensory input asymmetry in
adult (“mature”) readers leads us to believe that sensory
imbalance tends toward reduction with the sensory
development, so that its persistence above a certain level
could be a detrimental factor for reading fluently.

Forty-five percent of our dyslexics showed substantial
sensory imbalance. The proportion is not higher compared
to the normal school-age children, suggesting that the
imbalanced sensory input is not a common trait of the
dyslexic population, but characterizes a specific group of
subjects. Dyslexics who show consistent imbalance of their
binocular visual input are found to benefit from larger
interletter spacing when non-words are presented. At the
moment it is difficult to explain why the correlation is not
significant for words. It is possible, that, as hypothesized
for unstable dominant dyslexics, the effect of the sensory
imbalance is mild enough to be detectable only upon
exclusive activation of the sublexical route. The sublexical
route, in fact, requires sequential letter-by-letter or syllable-
by-syllable processing, so that the reader cannot rely upon
the anticipatory content of high frequency words.

Likewise, there is reason to believe that the strength of
interocular suppression enhances the effect of the sensory
imbalance in affecting the reading performance. When IBV
and III are combined into a vector Vj;, the change of the
interletter spacing on average accounts up to 57% of the
variance of the reading rate of the sample with V; above
the cutoff. To be noted that in the study of Cornelissen
and colleagues suspected dyslexics who failed the Dunlop
test read less accurately in binocular conditions compared
to monocular viewing (73,96): this suggests, indeed, that
interocular interference between the left/right sensory input
(as well as unfixed reference due to unstable dominance)
may affect reading.

In summary, our study suggests an effect of abnormal
visual processing on reading fluency in terms of populations
of dyslexics. Yet, the regression model-based procedure
adopted in this investigation seems unsuitable to detect the
individual cases, especially within the clinical setting: the

© Annals of Eye Science. All rights reserved.
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reading rate of words or non-words, in fact, was sensitive
to interletter spacing in no more than 23% of cases with
abnormal SRA, 12% of cases with abnormal binocular
sensory interaction (V; above the cutoff), and 50% of cases
with unstable sighting dominance when non-words were
presented. In turn, the positive marker was found in only
one non-visuoperceptive case (4%).

Evidently, the variability in the reading performance of
dyslexic children due to difference in environmental and
psychological factors is not so high to affect the significant
trends provided by the regression model applied on a
population scale, but makes the trends unreliable on the
individual scale. It follows that if our results support the
existence of a class of visual dyslexics, a different approach
is required to detect single cases of visual dyslexics with an
acceptable degree of sensitivity and specificity.

In a recent paper of Zorzi and associates and of Perea
and colleagues subtle changes in the inter-letter spacing
helped dyslexic subjects read better (43,91). It is likely that
the effect is due to the presence of “visual dyslexics” in their
unselected samples of dyslexic readers. As a matter of fact,
the “non-visual dyslexics” of our sample did not benefit
from larger interletter distance, mimicking the behavior of
the normal readers (25).

A last consideration is worth to be made about the
relationship between what reported in this study and the so-
called “letter position dyslexia” (LPD). LPD is a selective
deficit in letter position encoding occurring at a pre-
lexical stage of the orthographic visual analysis, in absence
of phonological problems. This deficit manifests itself as
word-interior letter migration (97). The diagnosis of LPD
relies on the accuracy, that is on the number of positional
errors. Actually, the effect of the visual functions considered
in this paper is based on the reading rate, so that it is
difficult to establish if there is a relation between LPD and
the visual-perceptive alterations discussed here. Anyway,
unstable fixation due to unstable dominance might lead
to positional errors. Similarly, if anisotropy of the visual
space affects crowding, hampered letter decoding will be
expected causing reduced accuracy. The same could stem
from abnormal interocular inhibition. In all cases widening
the distance between characters could (at least partly)
prevent from positional errors due to letter migration. Yet,
a distinctive trait of LPD is that the migration does not
affect all the characters of the word, but involves selectively
the interior letters: evidently, this is a feature that cannot
be addressed simply under the visual-perceptive perspective
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considered in this paper.

Conclusions

This exploratory study suggests, with due caution, the
existence of a type of dyslexia whose lexical impairment
is causally related to a variety of specific and quantifiable
defects of the visual channel, namely increased SRA,
abnormal binocular temporal sensory interaction and, to a
less extent, unstable ocular dominance. This finding helps
explain why remediation protocols based on treatment of
phonological deficits are not entirely successful (98,99).

Without doubt, our preliminary results need
confirmation, and other visual factors are expected to be
causally involved in the reading disability: of these, visual
attention has been extensively studied in the past years
(100,101) and deserves particular consideration.

As reading disability is considered a multidisciplinary
condition, the relationship between these visual impairments
and dyslexia is not necessarily bi-univocal: so, it cannot be
assumed that most people with the visual alterations like
those considered in this study are necessarily dyslexics.

Even if our line of investigation seems promising to
delineate trends of visuoperceptive impairment in terms of
classes of dyslexics, the detection of the individual cases in
clinical practice requires a different approach. Additional
research, therefore, is needed to better differentiate between
visual dyslexics and non-visual dyslexics, as well as to detect
individual cases of visual dyslexia with acceptable sensitivity
and specificity. Within a practical frame, this distinction is
crucial for orienting specific rehabilitation programs.

"This study, evidently, does not pretend to draw definitive
conclusions, but opens up new directions of investigation,
advancing a novel approach to address the issue of vision
and dyslexia and suggesting a tentative operational
definition of “visual dyslexic”.
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