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Abstract Colored overlays, one type of tinted filter, are plas-
tic reading sheets tinted with color and placed over text to
eliminate or alleviate a wide range of reading difficulties such
as low reading rate, accuracy, and comprehension. The effects
of colored overlays on reading problems associated with dys-
lexia were investigated in this study via a multielement design.
Reading fluency was assessed when participants readwith and
without colored overlays. Undifferentiated responding, or de-
creased accuracy, resulted across three participants, suggest-
ing that colored overlays were ineffective and potentially det-
rimental to participants’ reading abilities. As a result, empiri-
cally validated reading techniques were implemented across
individuals. These findings are discussed and recommenda-
tions are made in regards to the use of research-based reading
interventions.
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Introduction

Colored filters are used in classrooms and homes to alleviate
reading difficulties that are associated with learning

disabilities including dyslexia. There are different forms of
colored filters including lenses and overlays. Colored lenses
are lenses tinted with color and worn in eyeglasses. Colored
overlays are plastic reading sheets tinted with color and placed
over text (Wilkins 2003). A variety of claims are made that
colored overlays can help individuals who are experiencing a
range of difficulties such as low reading fluency characteristic
of reading problems and dyslexia (Wyman 2013), poor eye
contact typical of autism, and depth perception issues caused
by traumatic brain injuries (BWho We Help,^ n.d.).

Colored overlays are most closely linked with Scotopic
Sensitivity Syndrome (SSS), also known as Meares-Irlen
Syndrome or Irlen Syndrome (Loew and Watson 2012). This
syndrome has been hypothesized as sensitivity to frequencies
of the light spectrum that causes visual stress (Hoyt 1990).
Colored overlays are claimed to alleviate visual stress and
improve symptoms commonly related to dyslexia such as
low reading rate, accuracy, and comprehension (Evans et al.
1999; Rickelman & Henk, 1990; BWhat is Irlen Syndrome,^
n.d.). This claim may be because visual stress often co-occurs
with dyslexia (Singleton and Trotter 2005; Singleton and
Henderson 2007). Colored overlays have become so common,
they are now considered an approved accommodation for
standardized tests in several states including California, New
Mexico, Massachusetts, Nevada, and Oklahoma (BPublished
Research,^ n.d., para.1). Colored overlays are promoted by
various groups and commonly referred to as the BIrlen
Method^ (Irlen 1991; Sawyer et al. 1994).

The theory underlying colored overlays as a treatment is
that many cases of dyslexia are attributable to SSS.
Individuals with a diagnosis of SSS may have difficulty flu-
ently reading a text or may quickly become fatigued while
reading. Colored filters are intended to relieve these issues
and improve reading performance. However, both the exis-
tence of SSS and the usefulness of colored filters are
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controversial (Blaskey et al. 1990; Helveston 1990; Solan and
Richman 1990; Williams et al. 2004; Woerz and Maples
1997). For example, Iovino et al. (1998) found that colored
filters in the form of an overlay did not differentially affect the
reading rate or accuracy of individuals with and without
reading disabilities. Ritchie et al. (2011) also found that there
was no immediate benefit of colored overlays on reading dif-
ficulties. On the contrary, (O'Connor et al. 1990) found im-
proved reading rate and accuracy when the individual with
reading difficulties read with the preferred color of overlay.
Wilkins (2002) found a significant difference in the rate of
reading in the group using a colored overlay compared to a
control group. It should be noted that research supporting the
effectiveness of colored filters in individuals with reading dif-
ficulties has been questioned due to design flaws (Handler and
Fierson 2011; Ritchie et al. 2011; Solan 1990). Although the
use of colored overlays is largely controversial, they continue
to be commonly used by educators and parents to treat reading
difficulties (Helveston 1990) and are purported to be effective
in alleviating the symptoms of dyslexia (Kriss and Evans
2005).

When selecting a colored overlay to use, individuals with
reading difficulties essentially choose their preferred color
when given a field of overlays presented over text or are asked
to read with different colors to determine which one makes a
difference while reading. The procedure is typically an assess-
ment method based on trial-and-error (Willis and Lockee
2009), but it has been shown that there is relatively little var-
iation in color effect, so specificity in color selection does not
appear critical (Wilkins et al. 2005). After the color of overlay
is chosen, most researchers and practitioners deliver the inter-
vention by simply placing the colored overlay over the text
prior to reading (Ritchie et al. 2011; Scott et al. 2002).
Whether this is the precise procedure prescribed by the Irlen
Method is unclear as the protocols used by the Irlen Institute
are proprietary and not widely known (Kruk et al. 2008). The
current study followed the procedure most frequently used in
research on colored overlays, and simply placed a colored
overlay over text to filter the light.

In sum, colored overlays are a common but controversial
intervention for individuals with a range of reading problems,
including dyslexia. Some research has provided support for
the intervention whereas other research has not. The purpose
of this study was to add to the body of research in several
ways. First, we examined the effects of colored overlays to
improve reading fluency of individuals with dyslexia by com-
paring reading fluency with and without use of colored over-
lays. If no differences were found, we implemented Listening-
Passage-Preview (Daly and Martens 1994; Eckert et al. 2002)
or Modeling (Knapp and Winsor 1998; McCurdy et al. 1990;
Skinner et al. 1997) to improve reading fluency of each par-
ticipant. Second, whereas the body of research investigating
colored overlays has relied on pre-post tests to determine

treatment effect, we sought to directly and repeatedly measure
reading fluency to determine whether the intervention had any
effect across multiple measures of reading behavior. Finally,
as most research on colored overlays has been conducted with
children only, this study sought to extend current research by
examining the effects across both children and adults.

Method

Participants, Setting, and Materials

This study included three participants who had been indepen-
dently diagnosed with dyslexia and no other disabilities.
Emily was 7 years old and was diagnosed by an independent
psychologist. Lindsay was 11 years old and was diagnosed by
the school psychologist assigned to her elementary school.
Lisa was 32 years old and was diagnosed with dyslexia by a
center for the study and treatment of dyslexia. Emily attended
a school that specifically served children with learning disabil-
ities. She was not currently using colored overlays, but had
been prescribed them in the past. Lindsay was receiving addi-
tional services to address reading difficulties in her classroom
and was currently using reading rulers (a narrow, tinted plastic
strip placed over text) as a form of treatment. Lisa was not
receiving reading support outside that of the study.
Participants or their guardians provided consent to participate
in this study.

All sessions were conducted in the homes of the partici-
pants with one exception—halfway through the study,
Emily’s sessions moved from her dining room to a small
classroom at her school. Both settings included tables and
chairs. To control for setting variables, baseline was conduct-
ed in the new setting before a Modeling intervention was
implemented. For Lindsay and Lisa, all sessions were con-
ducted in a small room with a table and chairs in the home.
All Overlay and No Overlay sessions (described below) lasted
1 min.Modeling and Listening-Passage-Preview sessions (de-
scribed below) lasted less than 5 min but varied in length
depending on how long it took the experimenter to read the
passage aloud. Approximately three sessions were conducted
per week.

For Emily and Lindsay, reading passages were used from
the progress monitoring probes of the Dynamic Indicators of
Basic Early Literacy Skills (DIBELS), which is a standardized
measure and research-based tool designed to assess essential
skill areas of early literacy including accurate and fluent read-
ing (Good and Kaminski 2002) and includes leveled reading
passages across kindergarten through 6th grades. Emily read
from 1st grade progress monitoring probes and Lindsay read
from 5th grade progress monitoring probes based on Fuchs
and Fuchs (2011) recommendation for using passages written
at the student’s current grade level. For Lisa, level 8.0
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passages were selected from Marshal Adult Education™
which provides leveled passages appropriate for adult
learners. To ensure that the level of reading was appropriate
for each learner, the experimenters followed Fuchs and Fuchs
recommendation on how to identify the level of material for
monitoring progress for Passage Reading Fluency. Fuchs and
Fuchs recommend, BIf the student reads more than 50 correct
words in 1 minute, move to the highest level of text where he/
she reads between 10 and 50 words correct in 1 minute^ (p.
11).

To increase external validity, the colored overlays used by
participants were tinted plastic reading sheets by Maxi-Aids
ordered from Amazon.com. This mimics the typical imple-
mentation by a parent or educator, as there are a variety of
options available outside of the realm of the Irlen Institute.
The set of tinted reading sheets by Maxi-Aids was the first
result when Bcolored overlays^ was entered as the search term
in Amazon.com. The colors of overlays included pink, or-
ange, yellow, red, light blue, and dark blue. Each overlay
was 8.5″×11″ to cover the entire reading passage and sur-
rounding white areas.

Measurement, Interobserver Agreement, and Procedural
Fidelity

To assess the effect of treatment conditions on reading fluency
for each session, the experimenter measured the number of
words read correctly and incorrectly per minute as the depen-
dent variables. In order to be scored as correct, the word must
have been read within 3 s. If a participant self-corrected,
stuttered, or mispronounced a word, it was scored as incorrect.
An independent observer was present in order to assess inter-
observer agreement (IOA) and procedural fidelity. For inter-
observer agreement, an independent observer simultaneously
scored correctly and incorrectly read words per minute. Exact
count-per-session IOA was calculated by comparing both
measures and determining whether the measures for each ses-
sion agreed. The total number of agreements was then divided
by the number of agreements plus disagreements and multi-
plied by 100. IOAwas calculated across 88.8 % of all sessions
for Emily, 100 % of all sessions for Lindsay, and 94.7 % of all
sessions for Lisa. Interobserver agreement was measured at
99.6 % for Emily, 99.6 % for Lindsay, and 99.8 % for Lisa.

To assess procedural fidelity, the experimenter created a
checklist of the procedures for each condition including
Overlay, No Overlay, Listening-Passage-Preview, and
Modeling (explained below). The specific steps of each con-
dition were listed, and the independent observer recorded
whether or not the step was implemented by the experimenter.
The total number of YES scores recorded for each session was
then divided by the number of steps answered either YES or
NO for each checklist and multiplied by 100 to produce a
measure of procedural fidelity for each session. The

procedural fidelity measures for all sessions were then totaled
and divided by the number of sessions assessed to determine
overall procedural fidelity for each participant. Procedural fi-
delity across all sessions was measured at 100 % across all
participants.

Procedures and Experimental Design

Assessment All procedures were conducted by the first au-
thor. A Multiple Stimulus without Replacement preference
assessment (DeLeon and Iwata 1996) was conducted with
each individual to determine the preferred color of overlay.
This was done to both allow participants multiple exposures
to each color as well as more objectively determine prefer-
ence. Six colored overlays were each presented over identical
pages of text. The participant was asked BWhich one is the
clearest^ and indicated by pointing. The chosen color of over-
lay was removed from the array, the order of the remaining
overlays was rearranged, and the next trial began with a re-
duced number of overlays in the array. The procedure was
repeated three times for each participant before reading ses-
sions began. The participant’s preferred choice for colored
overlay was identified by calculating the percentage of trials
each overlay was selected by dividing the number of times it
was included in the array by the number of times it was se-
lected. If the color of overlay was ranked as the highest pref-
erence in at least two out of the three administrations, then it
was identified as the preferred overlay. Once experimental
conditions began, this assessment was not repeated and each
participant read with the identified preferred color of overlay
for all Overlay conditions. Emily’s preferred color of overlay
was dark blue, Lindsay’s preferred color of overlay was yel-
low, and Lisa’s preferred color of overlay was light blue.

Intervention Conditions Initially, each participant was ex-
posed to two conditions: reading a DIBELS passage with
the preferred colored overlay (Overlay) and reading a
DIBELS passage with no colored overlay (No Overlay).
Each session lasted 1 min. Although colored overlays are
often used for durations longer than 1 min, previous research
has shown that this duration is long enough to demonstrate the
effects of colored overlays (Wilkins et al. 1996). In the
Overlay condition, the colored overlay was simply placed
over the reading text prior to a request to read. This was the
predominant procedure used in research on colored overlays
(e.g., Ritchie et al. 2011). All of the standardized procedures
of the DIBELS were followed for both conditions. The read-
ing passage was placed in front of the participant. The partic-
ipant was instructed to read aloud and continue until the ex-
perimenter said Bstop.^ On a separate but identical text, and
outside of the view of the participant, the experimenter placed
a slash mark over any words read incorrectly. At the end of the
1 min reading duration, the experimenter said Bstop,^ placed a
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bracket after the last word read by the student, and terminated
the session. The only exception to the DIBELS procedures
was in the Overlay condition, wherein the DIBELS passage
was presented with the colored overlay over the text. The
effects of the colored overlay were assessed via a multiele-
ment design.

In addition, Listening-Passage-Preview, followed by
Modeling, was implemented as treatment for Emily, and
Modeling was implemented as a treatment for both Lindsay
and Lisa. Listening-Passage-Preview (LPP) is considered to
be an effective intervention for increasing reading fluency and
accuracy (Daly and Martens 1994; Eckert et al. 2002). In the
LPP condition, the participant was handed the DIBELS pas-
sage (without a colored overlay) and instructed to visually
follow along while the experimenter read the passage aloud.
The participant was then instructed to read the passage while
the experimenter marked correct words read and errors. If an
error was made, the experimenter immediately provided cor-
rective feedback by interrupting the participant, stating the
correct word, and having the participant restate the word be-
fore continuing with the passage. Finally, the participant read
the passage a second time without corrective feedback for
1 min and the experimenter assessed correctly and incorrectly
read words per minute.

Modeling is also considered to be an effective intervention
for increasing reading fluency (Knapp and Winsor 1998;
McCurdy et al. 1990; Skinner et al. 1997). Modeling was im-
plemented by having the participant follow along in the reading
passage by tracking the text with a finger as the experimenter
read the passage aloud. Next, the participant read the passage
for 1 min and the experimenter assessed correctly and incor-
rectly read words per minute. Each administration of either the
LPP or Modeling treatment constituted a session respectively.
Following procedures outlined by Daly and Martens (1994),
reading fluency was measured as the final step of treatment
within each session and constituted the assessment of oral read-
ing fluency. Different DIBELS and Marshal Adult Education
passages were used for each reading session.

Results

Figure 1 demonstrates Emily’s correct words per minute
(CWPM) and errors per minute (EPM). During the initial
comparison between Overlay and No Overlay, Emily read
an average of 49 CWPM in the No Overlay condition and
48 CWPM in the Overlay condition. There was a slight but
steady decreasing trend in CWPM across both conditions. In
addition, Emily had an average of 3 EPM across both No
Overlay and Overlay conditions, with an increase in EPM
during the final sessions. There was a decreasing trend in
CWPM and a low to moderate level of errors across sessions
for both conditions.

During the Listening-Passage-Preview (LPP) phase of the
study, Emily’s level of correct and incorrect responding
remained somewhat similar to that of the No Overlay and
Overlay conditions (an average of 49 CWPM and 1 EPM)
across sessions, although it does appear as though the decreas-
ing trend in CWPM ceased, and errors were lower than during
either No Overlay or Overlay conditions. Approximately
1 month had passed between the end of the LPP condition
and the next phase of the study. During this time, Emily
attended a reading camp and circumstances required a change
in the environment where sessions were held. As a result of
the passage of time and the possibility of history and/or mul-
tiple treatment effects, there was a return to the No Overlay
condition prior to moving to the Modeling phase. During the
return to No Overlay, Emily read an average of 43 CWPM
(with a slight decreasing trend) and 3 EPM across sessions.
Following this return to No Overlay, the Modeling interven-
tion was implemented. During this condition, Emily reads an
average of 64 CWPM. There was a steep increasing trend in
CWPM and errors were at a relatively low rate (an average of
1.3 EPM).

Lindsay’s CWPM and EPM are displayed in Fig. 2.
During the initial comparisons, Lindsay read an average
of 70 CWPM across No Overlay sessions and 62 CWPM
across Overlay sessions. In addition, Lindsay had a low
level of errors in the No Overlay and the Overlay sessions
(an average of 1.5 and 2 EPM, respectively). There was a
slight increasing trend in CWPM in the No Overlay con-
dition. When the Modeling phase was implemented, the
increasing trend in CWPM continued, though at what ap-
pears to be a somewhat increased slope. During this
phase, Lindsay reads an average of 88.4 CWPM with a
low level of errors (an average of 1.4 EPM).

Figure 3 demonstrates Lisa’s CWPM and EPM. Lisa reads
an average of 90.4 CWPM across No Overlay sessions and
73.6 CWPM across Overlay sessions. There appears to be a
decreasing trend in CWPM across both conditions. Lisa aver-
aged a similar and moderate level of EPM across No Overlay
and Overlay sessions (an average of 4.4 EPM). Upon imple-
mentation of the modeling intervention, there was an imme-
diate increase in CWPM and decrease in EPM. Lisa reads an
average of 103 CWPM accompanied by a low level of errors
(an average of 1.8 EPM).

Discussion

Despite the research suggesting colored overlays is not an
effective treatment for dyslexia, colored overlays continue to
be used as an intervention to improve reading skills of indi-
viduals with dyslexia. The authors of this study sought to add
to the literature regarding the effect of colored overlays on
reading fluency for individuals with dyslexia, as well as
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extend the literature by investigating the effectiveness across
age levels, ranging from 7 to 32 years old. When colored
overlays were ineffective, the authors then investigated the
effects of research-based reading interventions on oral reading
fluency for the same individuals. The results of this study
indicate that colored overlays either had no effect on words
read correctly per minute (as was the case for Emily and
Lindsay) or resulted in a decrease in words read correctly
per minute (as was the case for Lisa). These results support
the previous research demonstrating colored overlays have
little effect on reading fluency (e.g., Ritchie et al. 2011).
Further, whereas previous research has suggested that colored
overlays have greater effect on children with dyslexia than
adults (Singleton and Trotter 2005; Singleton and Henderson

2007), this study suggests that colored overlays may have a
deleterious effect on adults. Although colored overlays did not
improve reading fluency for the children in this study, the
adult’s performance actually worsened with the colored over-
lay intervention.

As a final phase of this study, research-based interven-
tions (Listening-Passage-Preview and Modeling) were im-
plemented across participants to investigate their effects
on reading fluency. Although the effects of these interven-
tions were somewhat minimal (with the exception of the
Modeling intervention for Emily which produced a sharp
increasing trend), the LPP and Modeling interventions
resulted in superior CWPM than either the No Overlay
or Overlay interventions.
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Limitations and Future Research

One limitation of this study is that the effects of the Modeling
intervention cannot be experimentally validated. As a result, it
is difficult to attribute gains in CWPM to the Modeling inter-
vention alone. AlthoughModeling as an intervention has been
experimentally validated elsewhere (e.g., Knapp and Winsor
1998; McCurdy et al. 1990; Skinner et al. 1997), when
attempting to compare the effects of one intervention to an-
other, the comparison needs to be conducted in such a manner
that effects can be directly linked to one intervention or the
other. However, the effects of the colored overlay may be
experimentally compared to no colored overlay.

A second limitation is that the participants were never di-
rectly assessed for Scotopic Sensitivity Syndrome. All partic-
ipants had an independent diagnosis of dyslexia, and two of
the participants had previously been prescribed colored over-
lays or colored overlay variations (e.g., a tinted reading ruler).
Further, colored overlays are commonly used with individuals
with dyslexia or without a diagnosis of SSS (Henderson et al.
2013; Scott et al. 2002), and the status of SSS as an actual
syndrome has been questioned (Ritchie et al. 2011). As no
participants were assessed for SSS, the generality of these
results may be limited to the population of individuals with
dyslexia. Future research should assess participants for SSS
prior to inclusion in a study on colored overlays which would
allow the researcher to focus on the relation between colored
overlays and SSS more clearly.

Although colored overlays did not increase CWPM in any
of the individuals, two of the participants reported a preference
for reading with the colored overlay. Not only did Emily and
Lindsay prefer using the colored overlay, they both anecdot-
ally reported that the colored overlay helped them read better.

Lisa reported that she did not prefer using the colored overlay.
This finding may be related to each participant’s previous
exposure to tinted overlay interventions as both Emily and
Lindsay had previous exposure while Lisa did not. Even
though two participants reported a preference for reading with
an overlay, the intervention did not increase reading fluency
for either individual. This preference, however, should not be
discounted. If a participant with reading difficulties prefers to
read with a colored overlay, the overlay might increase moti-
vation to read which could prove beneficial. Future research
may investigate whether colored overlays improve reading
abilities over time through this mechanism, rather than
through a direct effect on visual stress. In addition, the authors
considered implementing a clear, non-colored overlay as a
control condition to investigate potential placebo effects of
the overlay. Because the clear, non-colored overlay would
not be included in the same pack of purchased overlays, it
was decided to implement this condition only if an improve-
ment in reading fluency was observed in the Overlay condi-
tion. Future research might consider the investigation of a
clear, non-colored overlay as a control condition.

Colored overlays continue to be commonly used in homes
and classrooms as interventions for reading problems. Based
on the mixed literature regarding the use of this treatment,
parents and educators should exert caution when deciding
whether to adopt colored overlays, and the effects on reading
fluency should be evaluated carefully on an individualized
level. In other words, parents and professionals who choose
to adopt overlays as a reading intervention should consider
similar methods to evaluate whether or not it is an effective
use of time and effort. The data from this study suggest that
colored overlays do not improve performance on reading, but
other evidence-based treatments do. It is also important to note
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that preference for an intervention, such as colored overlays, is
not indicative of effectiveness.
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