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ABSTRACT

Purpose: to provide an integrative review of indexed articles published from 2009 to
2019 on the effect of spectral overlays on visual parameters and reading ability.

Methods: keywords were used to search seven databases. Duplicate entries, reviews,
literature reviews, editor’s comments, and congress abstracts were excluded, as well
as papers that were not relevant, based on their titles and abstracts. A total of 52 arti-
cles, which were read in full, were eligible at this stage. Of these, 12 articles, published
in Portuguese or English from 2009 to 2019, were included.

Results: all 12 articles included evaluated the effect of overlays on the reading rate.
There was an improvement in different visual parameters (ocular accommodation and
eye movement), facial recognition, and reading (reading rate, relative efficiency, and
comprehension). The use of overlays reduced visual stress regardless of refractive,
orthoptic or cognitive disorders. The associated conditions investigated were autism
spectrum disorder, Tourette syndrome, stroke, deafness, dyslexia, and auditory tem-
poral processing disorder.

Conclusion: the effectiveness of overlays in improving reading quality is consistently
demonstrated in the literature. The reviewed articles showed that the overlays’ effect
is more expressive when the visual stress is associated with conditions that present
sensory alterations and cortical hyperactivity.
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INTRODUCTION

Visual stress is a perceptual disorder that causes
visual perceptual distortion symptoms, which are
manifested when the person reads texts and are
expressed as visual discomfort, rapid fatigue, photo-
sensitivity, irritability under fluorescent light, and deficit
in depth perception'2. The most reported distortions are
halos around the words, irregular spacing in-between
line of the text, and an impression of movement
as letters vibrating or detaching from the paper*.
The efforts to compensate these difficulties lead to
complaints of progressive visual fatigue, eye pain, teary
eyes, excessive blinking, headache or migraine®®. The
above mentioned visual manifestations cause reading
difficulties and require an attentive interdisciplinary
evaluation to reach a diagnosis differentiated from that
of nonvisual reading disorders’”®.

Spectral overlays (colored transparent sheets
placed over the text) have been used to reduce visual
stress, to minimize distortions and visual discomfort
when reading. This material is made of acetate and its
resistance makes it fit for daily use in the classroom.
Overlays are manufactured in a wide selection of
spectral-filtering colors, one side matte and the other
shiny. Since no color generally improves reading perfor-
mance for all, it is necessary to individually present
the overlay options and its superimposing combina-
tions, which is a specific and consistent idiosyncratic
selection process?.

The systematic review by Evans and Allen’, which
encompassed ten studies using spectral overlays,
shows that such an intervention, besides being safe
and noninvasive, relieves the asthenopia symptoms
and improves the reading performance of the patients
with visual stress. Visual stress clinical investigation
conducted by a health or education professional
can reduce the likelihood of a false positive due to
choosing the treatment for nonclinical reasons, such
as aesthetical preference, placebo effect (since it is
not possible to completely mask the overlays from the
participants) or attributional (excuses under-achieving).
The spectral overlays are also used to identify visual
stress; an improvement of at least =15% in reading rate
when using overlays and its voluntary use for at least
three months are diagnostical signs™.

The rate of reading test (RRT) is recurrently used
in the literature to assess the effect of the overlays. It
was developed based on the theory that visual stress is
caused by cortical hyperexcitability due to the pattern of
horizontal lines and intense visual activity''. The words
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psycholinguistic characteristics (high frequency, simple
structure, short 2 to 4 letter words) make reading easier
even for participants who are beginning their process
of learning how to read. The visual structure of the RRT,
with its 9-point font size and single spacing, intensifies
visual stress.

The RRT assesses the efficiency of the visual,
cognitive and phono-articulatory processes involved in
lexical recognition and in pronouncing, aloud, 15 words
known to the reader. The words are randomly repeated
in 20 lines, within a limited time, and its score is given
in words read per minute (reading rate). To quantify the
effect of the spectral overlays on the reading rate, the
procedure in applying the instrument includes reading
aloud five different lists of stimuli — one for training and
four for testing. In the training and tests 2 and 3, the
words are read normally; whereas, in tests 1 and 4,
they are read with the spectral overlay that best suits
the reader for comfort (ABBA application sequence).
The instrument has given evidence of reliability and
validity for different languages, including Portuguese?.

As demonstrated in another systematic review of the
literature'®, the effect of the overlays on the reading rate
is presented in a progressive line of intensity, with mild
(5%), moderate (10 to 15%) or substantial gain (25%).
The gain criterion of at least =5% in reading rate with
the overlays is the most used in population research
and screening™. The criterion of =15%, in its turn,
has clinical significance, as it is a diagnostical sign of
visual stress and represents an increase beyond the
intraindividual variation interval'®'4. Vilhena, Guimaraes
and Guimaraes' argue that the most rigorous reading
rate gain criterion (=25%) may not reflect the actual
proportion of the population with substantial reading
improvement with overlays, especially among adults.
This is due to the ceiling effect in the RRT, which has a
phono-articulatory time limit for reading aloud. In order
not to mistake for other percentages reported in this
study, the greater than or equal to sign (=) precedes
the RRT cutoff criteria values.

The accumulation of scientific articles on the
efficiency of the overlays has endorsed their growing
daily use in the classroom. This study aims to offer
an integrative review of the indexed articles published
throughout the last decade on the effect of the spectral
overlays on visual parameters and reading abilities.
With this synthesis, it is expected that the literature
on the therapeutic effects of the overlays become
known and accessible to Brazilian schools and health
professionals.



METHODS

This research is an integrative literature review.
To guide the review, the following research question
was developed: “What are the results in the indexed
scientific articles regarding intervention with spectral
overlays?”. The electronic databases researched
were ERIC (Education Resources Information Center),
PubMed (Digital Biomedical Archives and Health
Sciences of the US National Institutes of Health),
ScienceDirect, SciVerse Scopus, PePSIC (Psychology
Electronic Journals), and SciELO (Scientific Electronic
Library Online). The articles researched were the
full-text ones, published in Portuguese and English
from 2009 to 2019, whose title, abstract or keywords
had the following terms: spectral/colored overlays,
Irlen, Meares-Irlen, scotopic sensitivity syndrome, and
visual stress. The terms ‘visual discomfort’, ‘asthenopia’
and ‘visual fatigue’ were not used, as they do not
require the use of overlays as a means of intervention.

The flowchart with the article analysis and selection
process is presented in Figure 1, following the checklist
recommendation in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).
Altogether, 225 papers were found in the databases.
Duplicate entries (n = -68) were excluded, as well as
reviews, literature reviews, editor's comments, and
event abstracts (n = -45). The title and abstract of
the remaining articles (n = 120) were independently
evaluated by two researchers; those that did not
present results of the use of overlays (n = -68) were
excluded. Hence, in this stage of eligibility, 52 articles
on the use of overlays were found, which were all fully
read. In the final stage, 12 articles were selected to
comprise this integrative review.

The articles were organized in chronological order of
publication, along with the summary of results focusing
on the effects of the overlays (Table 1). Concerning
language, all articles (n = 12) had been published
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in English, with one with a version in Portuguese as
well'®. As for the country of origin, the study reported
in these articles were mainly conducted in England
(n = 8), followed by Brazil (n = 3) and Scotland (n =
1). Regarding conditions, all the reviewed articles had
studied visual stress; two of them had autism spectrum
disorder associated, whereas each of the following
conditions was present in one article: Tourette
syndrome, stroke, deafness, dyslexia, and auditory
temporal processing disorder. As for the conclusions
of the articles, 10 (83%) were favorable to the use of
overlays, 1 (8%) was partially favorable, and 1 (8%) was
unfavorable. The reading rate was evaluated in all the
12 articles reviewed.

)

S Articles identified in the databases (N = 225):
= PubMed (n = 75), ERIC (n = 31),
i ScienceDirect (n = 15), SCOPUS (n = 86)
S
kS
= —> [ Duplicated articles excluded (n = -68) ]
— v
)
[ Articles selected for evaluation (n = 165) ]
_5 > [ Reviews, article reviews, abstracts (n = -45) ]
S v
2
J
2 [ Articles’ title and abstract evaluation (n = 120) ]
> [ Articles excluded based on title and abstract (n = -68) ]
P— v
g [ Articles selected to be read in full (n = 52) ]
S
>
= > [ Articles excluded after full reading (n = 40) ]
| — v
'
3
3 ‘ Articles included in the integrative review (n = 12) ’
£
—

Figure 1. Flowchart of the studies’ identification and selection
process, following the recommendation by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)
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Table 1. Characterization of the twelve articles included in the review, regarding intervention with overlays, in chronological order,
according to authors, year of publication, title, city, country, number of participants (N = clinical condition + control), favorable/partially

favorable/unfavorable to the use of overlays, and summary of the results

City, country, N,

SullErEyeny) clinical conditions

Original title of the article

Summary of the results

Cambridge, England
N=11+11
Visual stress

Pattern-related visual
stress, chromaticity, and
accommodation

Allen, Hussain,
Usherwood, and
Wilkins (2010)

Favorable. Adults with visual stress, using spectral overlays, improved their reading
rate by 9.9% and reduced the accommaodation delay, which did not happen with the
asymptomatic control group.

Port Glasgow, Scotland
N =47 + 14
Visual stress

Ritchie, Della Sala,
and Mclintosh
(2011)

Irlen colored overlays do not
alleviate reading difficulties

Unfavorable. There was no difference in reading performance regarding the type of
overlay (ideal, not-ideal, transparent) nor between the screened group with visual
stress and children in the control group. 32% of the sample had gains greater than
=>5% in the reading rate.

Cambridge, England
N=18 +18
Visual stress

Allen, Dedi, Kumar,
Patel, Aloo, and
Wilkins (2012)

Accommodation, pattern
glare, and coloured overlays

Favorable. Adults with visual stress, when using spectral overlays, improved their
reading rate by 10.4% =+ 4.8% and reduced by 45% the ocular accommodation
delay (from 0.95 D to 0.52 D, p = 0.0001), leveling their results with those from
the control group.

Birmingham, England
N=15+15

Visual stress and Autism
Spectrum Disorder

Coloured filters enhance the
visual perception of social
cues in children with autism
spectrum disorders

Ludlow, Taylor-
Whiffen, and Wilkins
(2012)

Favorable. More words per minute were read with overlays than without them (p <
0.001). More participants in the group with autism spectrum disorder (80%), when
using overlays, obtained gains of at least =5% in reading rate, when compared
with the control group (33%). When using overlays, the autistic children improved
in 18% the recognition of facial expressions of emotion, with no significant
improvement in the control group.

Visual stress symptoms

! Birmingham, England
secondary to stroke alleviated

Beasle(yzgqg)Dawes with spectral filters and , N=1
precision tinted ophthalmic ~ Visual stress secondary
to stroke

lenses: a case report

Favorable. Case study of visual stress secondary to stroke, treated with the use
of overlays and spectral filters, whose initial chromaticity was changed after the
second stroke. There was an increase of 40% in reading rate with the use of
overlays, and of 32% after one month had passed.

Questioning the benefits that

coloured overlays can have

for reading in students with
and without dyslexia

York, England
N=16 + 26
Visual stress and Dyslexia

Henderson, Tsogka,
and Snowling
(2013)

Partially Favorable. Both the group of dyslexic college students and the control
group read faster with the use of overlays. More participants of the dyslexic group
(75%, 63% and 44%), when compared with the control group (48%, 46%, 35%),
increased in atleast =5%, =8% and =10% the reading rate, respectively. There was
no improvement with overlays in connected text reading and text comprehension.

Hollingsworth, Cambridge, England

Visual performance and

(L:gﬁ,'gf’éx\é”m; the use of colored filtersin N~ o1 +39
, children who are deaf Visual stress and profound
(2015) deafness

Favorable. All the deaf youths chose at least one overlay, of which Yellow was
the most frequent (45%). In its turn, in the hearing control group, 67% chose at
least one overlay, though none opted for the Yellow. Deaf people that chose Yellow
increased in 14% their reading rate in the reading rate test and 9% in the deaf-
adapted version, with no statistical difference in the other deaf people and the
hearing control group.

Cambridge, England

Monger, Wilkins and  Identifying visual stress during N =73

Favorable. 36% and 14% of the college students had a gain of at least =5% and
=10% in their reading rate when using overlays, respectively.

Allen (2015) a routine eye examination )
Visual stress
Midlands and London,
Atypical Sensory behaviours England
Ludlow and Wilkins in children with Tourette’s N=12+12 +12

Favorable. Gain greater than =15% in reading rate with the use of overlays was
verified in Tourette syndrome (50%) and autism spectrum disorder (33%), though
not in the control group (0%).

(2016) Syndrome and children with Visual stress, Tourette
Autism Spectrum Disorders Syndrome, Autism
Spectrum Disorder
Jacarei, Sao Paulo, Brazil
Garcia, Effects of Spectral Overlays N =68

on Reading Performance of
Brazilian Elementary School
Children

Visual stress in typical

schoolchildren with no

problems of visual or
auditory acuity

Momensohn-Santos,
Vilhena (2017)

Favorable. 31%, 22%, 18% and 13% of 5th- and 6th-grade students of an elementary
school had gains greater than =5%, =8%, =10% and =15% in reading rate with
the use of overlays, respectively. Students with severe visual discomfort in reading
(n = 11) were three times more likely to improve their reading rate with an overlay
when compared with the less uncomfortable participants.

Jacarei, Sdo Paulo, Brazil
N =26 + 42
Visual stress and auditory

temporal processing
disorder

Garcia, Vilhena,
Guimaraes, Pinheiro
and Momensohn-
Santos (2019)

Relation between auditory and
visual temporal processing in
reading ability

Favorable. Participants with auditory temporal processing disorder (n = 26) had
more visual stress symptoms, lower reading rate, and were three times more likely
to improve their reading rate with the use of spectral overlays when compared with
the control group (n = 42).

Spectral overlays for reading
difficulties: Oculomotor
function and reading
efficiency among children and
adolescents with visual stress

Belo Horizonte, Minas
Gerais, Brazil

N =323
Visual stress

Guimaraes, Vilhena,
Loew, Guimaraes
(2019)

Favorable. Eight- to seventeen-year-old participants with visual stress, when using
overlays and evaluated with an eye tracker, reduced the number of eye fixations and
regressions (p < 0.001), with an increase in perceptual reach, number of words
read per minute, relative efficiency, and text comprehension (p < 0.001). The effect
of the overlays is significantly higher in children when compared with adolescents
(p < 0.01). The most frequent overlays were the Purple, Gray and Turquoise.

Source: the author, 2019.
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LITERATURE REVIEW

A total of 12 scientific articles were reviewed,
focusing on the results of the effect of spectral overlays
on different visual parameters (oculomotor, ocular
accommodation), facial recognition, and reading
(reading rate, relative efficiency, and comprehension).
The reviewed articles verified that the overlays have
a more expressive effect when the visual stress is
associated with conditions that present sensory altera-
tions, and with cortical hyperactivity.

In two articles, Allen et al.’®'” verified the effect of the
spectral overlays on the reading rate and amplitude of
ocular accommodation. In the first study'®, participants
with visual stress (n = 11; Mean age = 20.6 years; from
18 to 25 years old), using spectral overlays, improved
their reading rate in 9.9% (from 152 to 167 words per
minute) and reduced the accommodation lag, while the
two control groups did not present significant difference
(n = 11). In the second study'’, participants with visual
stress (n = 18; Mean age = 20.9 = 2.4 years; from
18 to 25 years old), using spectral overlays, improved
their reading rate in 10.4% = 4.8% and had a 45%
reduction in accommodation lag (from 0.95 D to 0.52
D, p = 0.0001), while the control group (n = 18) did not
present any significant difference. In both studies, the
groups of participants with visual stress, when under
the intervention of overlays, reduced ocular accommo-
dations lag and leveled with the control groups’ results.

The only study with unfavorable results for the use of
overlays'® reported that, with the use of overlays (ideal,
not-ideal, transparent), no significant difference was
found between the reading performance of children
with reading difficulties due to visual stress (n = 47)
and that of children from the control group (n = 14).
Some factors lead the study to be questioned: 1) The
Irlen method is a screening test and not a visual stress
diagnostic one, so it is subject to possible specificity
deviations; 2) Half of the children (54.3%) presented
uncorrected optical problems, which probably interfered
with their reading abilities; 3) Most of the participants
with visual stress (72.1%, n/N = 31/43) did not reach
the lenient cutoff criterion of =5% in the rate of reading
test with the use of overlays, therefore considered false
positives; 4) The prolonged use of overlays for at least
two weeks, and the clinical significance cutoff criterion
of 215% in the rate of reading test (7.0%, n/N = 4/57)
were not considered in the diagnosis classification of
the participants with visual stress; 5) Gain higher than
=5% in the RRT with the use of overlays, observed in
one-third of the children with reading difficulties (31%,
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n/N = 19/61), was not considered; 6) Use of an alter-
native version of the RRT with enlarged font size, which
improves visual comfort and neutralizes the purpose of
the RRT (i.e., to intensify visual stress); 7) The standard
deviation higher than that of previous studies suggests
high sample heterogeneity; and 8) The reduced size of
the control group (n = 14) hindered statistical analyses
with greater power than those used.

Participants with autism spectrum disorder (n = 15;
Mean age = 13 = 6.2 years, from 8 to 17 years old)
were compared with a control group (n = 15; 12.4 = 4.1
years) regarding reading rate and recognition of facial
expressions of emotion'®. In the baseline, the number of
words read per minute (reading rate) of the participants
with autism spectrum disorder (mean = 86.5 = 33.7)
was lower than that of the control group (mean = 117.3
+ 29.7) (t(zs) = 2.02, p < 0.05, d = 1.00); however, the
groups leveled when using overlays (Mean = 95.6 =
37.2 and 120.8 = 30.6) (t(zg) = 0.54, p = 0.06). More
words were read with overlays (Mean = 108.2 = 35.9)
than without them (Mean = 101.9 = 34.9) (t(zg) =3.85,p
< 0.001, d = 0.20). More participants in the group with
autism spectrum disorder (80%), when using overlays,
obtained a gain of at least =5% in the reading rate, when
compared with the control group (33%) (sz =6.7,p <
0.05). In the second assessment, when using overlays,
the participants with autism spectrum disorder had an
18% improvement in recognition of facial expressions
of emotion in a multiple-choice test with 28 images of
the periocular region (t(M) = 2.37, p < 0.05), without any
significant difference in the control group. The authors™
argued that these results are evidence that the abnor-
mality in low-level visual perception can be responsible
for part of the autistics’ difficulties in processing and
paying attention to the facial expressions.

In a second study from the same authors® with
clinical groups, a comparison was made between
participants diagnosed with Tourette syndrome (n =
12, Mean age = 9.8 = 1.8, from 6 to 12 years), autism
spectrum disorder (n = 12, Mean age = 9.8 = 2.3, from
6 to 13 years), and a control group (n = 12, Mean age =
20.7 = 2.2, from 6 to 13 years). Tourette syndrome is a
neurological disorder characterized by the combination
of motor and vocal tics. A gain of more than =15%
in reading rate, with the use of overlays, was verified
in Tourette Syndrome (50%) and autism spectrum
disorder (33%), but not in the control group (0%).
Both the patients with Tourette (t(m = 3.7, p < 0.05)
and autism (tm) = 2.6, p < 0.05) reported more visual
stress symptoms without the overlays, but there was no
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difference in the control group (t(”) =22, p = 0.07).
Both clinical conditions are associated with atypical
sensory processing with visual cortex hyperexcitability.

A case study?' identified visual stress secondary to
stroke, treated with overlays and spectral filters, whose
initial chromaticity was changed after the second
stroke. The initial complaints were photophobia,
blurring in the left visual field, and severe headache on
the right parietal side. There was a 40% increase in the
reading rate with the use of overlay (from 119 to 167
words per minute) and, after a month passed, a 32%
increase (from 125 to 165 words per minute). The
patient reported that overlay dramatically reduced the
page brightness, making it comfortable to view.

All the deaf youths chose at least one overlay
(whereas control, 67%)%. The deaf people who chose
Yellow (45%) increased their reading rate by 14% in the
rate of reading test and 9% in the deaf-adapted version,
with no statistical difference in the other deaf people
and the hearing control group. The authors? reinforce
that deaf children are twice disadvantaged in reading,
as they present reduced visual and phonological skills.
Since profound deaf people do not have phonological
access when they read?®, they are more dependent
on the visual components of the characters’ graphical
patterns; moreover, reading difficulty can result in part
from a perception or visual processing deficit.

Both the dyslexic college students’ group (n = 16;
from 19 to 30 years old) and the control group (n =
26) read faster when using the overlays®. Regardless
of the group, individuals with lower reading rates are
more likely to present higher reading rate gains with
an overlay than those who already have higher reading
rates. More participants of the dyslexic group (75%,
63% and 44%), when compared to the control group
(48%, 46%, 35%), increased in =5%, =8% and =10%
their reading rate, respectively — i.e., more dyslexic
people met the visual stress criterion of immediate
reading improvement when using overlay.

In a study with an unselected sample of college
students (N = 73, Mean age = 20.2 = 2.4 years, from
18 to 30 years, 26% men)?®, with the use of overlays,
36% of the participants obtained at least =5% gain in
their reading rate, and 14% obtained more than =10%
gain. There was no association between the increase in
reading rate and the following routine ophthalmological
parameters: refractive errors, visual acuity, stereopsis,
accommodation amplitude, near point of convergence,
color vision, and ocular motility. There was a significant
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difference, although not clinically relevant, in near
associated heterophoria.

Two articles™'® investigated visual stress in the
same populational sample of students (N = 68, Mean
age = 11.2 £ 0.7 years, from 9 to 12 years, 53% boys),
5" and 6" graders from an elementary school of Sao
Paulo, Brazil. In the first article', it was demonstrated
that 31%, 22%, 18% and 13% of the students had a gain
of at least =5%, =8%, =10% and =15% in their reading
rates, respectively, when using spectral overlays.
In other words, at least one out of 10 students had a
significant improvement in reading rate with the spectral
overlays. Students with severe visual stress symptoms
in reading were three times more likely to improve
their reading rate with the overlay when compared to
the control group (odds ratio = 3.36). In the second
article'®, the participants screened with auditory
temporal processing disorder (n = 26) presented more
visual stress symptoms, lower reading rate, and were
three times more likely to improve their reading rate
using the spectral overlays, when compared with the
control group (n = 42).

In the most recent article®, 323 eight- to seventeen-
year-old youths with visual stress were evaluated with
an eye tracker. The great number of eye fixations and
regressions observed in this participants’ baseline,
in comparison with the norms, can be an indicator
of corrective eye movements to verify the words (or
graphemes) that were not sufficiently attended, as well
as of vergence adjustment, and inefficient line tracking.
The participants with visual stress, when reading
with spectral overlays, presented immediate and
significant gains in ocular motor skills (fewer fixations
and regressions) and reading efficiency (increase in
perceptual span, reading rate, relative efficiency, and
text comprehension), when compared with the baseline
(0 < 0.001). Regarding the reading rate, children and
adolescents with spectral intervention read on average
28% and 20% more words per minute, respectively.
The immediate reduction in the number of fixations and
regressions with the overlays presented a significant
age effect (p < 0.01), possibly due to the children
starting at a worse baseline.

CONCLUSION

This present integrative review described the use of
spectral overlays in 12 articles, in order to investigate
the impact of this intervention on people with visual
stress or this condition associated with other condi-
tions. The articles’ results were consistently favorable to



the use of overlays, with improvement in visual param-
eters (ocular accommodation, eye movement, visual
comfort), facial recognition, and reading (reading rate,
relative efficiency, and comprehension). The associated
conditions investigated were autism spectrum disorder,
Tourette syndrome, stroke, deafness, dyslexia, and
auditory temporal processing disorder. The overlays’
effect is more expressive when the visual stress is
associated with cortical hyperactivity and conditions
that present sensory alterations. This review corrobo-
rates the conclusions drawn by Evans and Allen” in
their systematic review of 10 controlled studies. Future
investigations, besides evaluating reading rates,
should consider the long-term therapeutic effects of
the overlays in the classroom, since the purpose of
this intervention is to eliminate barriers in visual acqui-
sition and processing, during the learning process and
reading proficiency consolidation.
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