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ABSTRACT ARTICLE HISTORY
Specific learning disabilities affect the brain’s ability to process verbal Received 8 May 2023
and non-verbal information efficiently and accurately. The most ~ Accepted 3 September 2024
common learning disability is reading disability which includes dys-

lexia. Evidence supports that dyslexia is a language-based disorder.

The core deficit of dyslexia is the phonological component of lan-

guage that interferes with reading development. Therefore early,

intense and specific remedial therapy should address the underlying

cause of the difficulty. Behavioural optometry is controversial and

purports to make children more responsive to education by improv-

ing visual conditions conducive for learning with eye exercises,

tinted/coloured lenses and movment-based exercises. However, the

theoretical basis for behavioural therapies have not been well estab-

lished. Literature which favours behavioural approaches suffers from

serious methodological and interpretive flaws. There is currently

insufficient evidence to support behavioural approaches which

therefore should not be recommended.

1. Introduction

Specific learning difficulties (SLD) are characterised by persistent difficulties in areas of
learning and academic skills, despite normal intelligence and adequate educational
opportunity (American Psychiatric Association, 2013). The prevalence of SLD among
school-age children is estimated to be at 5-15% across the academic domains of reading,
writing and mathematics (American Psychiatric Association, 2013). Reading disability,
including dyslexia, also known as developmental dyslexia (DD), is one of the most
common learning disabilities (American Psychiatric Association, 2013; Ganivet et al.,
2014). There are multiple theories as to the cause or factors contributing to dyslexia.
The published evidence consistently supports the view that dyslexia is primarily
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a language-based disorder (Bellocchi et al., 2013; Goswami, 2015; S. M. Handler & Fierson,
2017; Peterson & Pennington, 2012; Ramus et al., 2003; Rayner, 1998; S. E. Shaywitz, 1998;
Stephenson & Wheldall, 2008; Vellutino et al., 2004). Specifically, a child with dyslexia has
difficulty with the linguistic task of decoding words due to a lack of recognition that the
individual sounds of words (phonemes) match the written version representing those
sounds (graphemes), i.e. sound-letter correspondence (Gabrieli, 2009; Peterson &
Pennington, 2012; S. E. Shaywitz, 1998; Vellutino et al., 2004). Associated phonological
deficits include poor short-term verbal memory and slow automatic naming, as well as
difficulties with related skills such as spelling and writing (Bellocchi et al., 2013; Ramus,
2003; Shovman & Ahissar, 2006).

There is a genetic bias to dyslexia with characteristic changes to brain structure noted
(Demonet et al., 2004; Gabrieli, 2009; Peterson & Pennington, 2012). Neuroanatomical and
neuroimaging studies show changes primarily affecting the language-related areas in the
left hemisphere (Eckert et al., 2017; Galaburda et al., 1985; S. M. Handler & Fierson, 2017;
Klingberg et al., 2000; Peterson & Pennington, 2012; Simos et al., 2002; Vellutino et al.,
2004). A tendency to improve or normalise dyslexia-specific brain changes has been
demonstrated in functional brain imaging after intensive remedial phonology-based
reading programs, reflecting neural plasticity (Aylward et al., 2003; Olulade et al., 2013;
B. A. Shaywitz et al., 2004; Simos et al., 2002; Temple et al., 2003).

Other factors known to contribute to reading difficulties include prematurity and low
birth weight, male sex, maternal smoking (American Psychiatric Association, 2013; Creavin
et al., 2015), a low level of maternal education (Creavin et al., 2015), and socioeconomic
disparities, where children of a lower socioeconomic background with less home literary
exposure experience slower reading development (Collins et al.,, 2017). There may also be
a background in language delay and speech therapy (Peterson & Pennington, 2012;
S. E. Shaywitz, 1998; B. A. Shaywitz & Waxman, 1987; Snowling, 2001).

Unlike speaking a language, reading must be taught, with explicit instruction in
concepts such as phonemic awareness (S. E. Shaywitz, 1998). National inquiries into the
teaching of reading in the United States, United Kingdom and Australia and a meta-
analysis of randomised controlled trials have emphasised the importance of systematic
and repetitive instruction in the areas of phonemic awareness, phonics, vocabulary,
fluency and comprehension in improving reading ability in children with reading difficul-
ties (American National Institute of Child Health and Human Development, 2000;
Galuschka et al., 2014; Rose, 2006; Rowe, 2005). In addition, the earlier the intervention
with remedial reading programs, the better the outcome (Bellocchi et al., 2013; S. Handler
& Fierson, 2011).

Behavioural optometry is a controversial branch of optometry which purports to
“incorporate everything about the individual” to develop a tailored vision therapy (VT)
program (The Australasian College of Behavioural Optometrists, 2011) to enhance the
efficiency of the visual system, and ultimately make children more responsive to educa-
tional instruction (https://www.acbo.org.au/). As a result of VT, behavioural optometry
claims younger children are “usually ... able to improve school grades ... self-confidence
improves and they are able to attend to tasks for longer” and that “Most people find they
read more easily” (https://www.acbo.org.au/images/About_Vision/Pamphlets/
ACBO_Vision_Therapy_Explained_Final.pdf p1-2). VT broadly includes eye and whole-
body exercises as well as glasses. Specific behavioural strategies and exercises are
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unfamiliar to mainstream practitioners but are referred to in promotional material as
cross-pattern walking, finger thinking games, map making, matching with blocks, reading
letters in words, triangle line jumping, hanging a ball and bug on a string (https://www.
acbo.org.au/images/About_Vision/Pamphlets/ACBO_Vision_Therapy_Explained_Final.
pdf). Weak plus lenses, also referred to as “training glasses”, are often prescribed, some-
times incorporating bifocals which have the effect of magnifying reading texts. Glasses
may include prisms that shift the perceived location of an object. A specific and indivi-
dualised combination of the above therapies are said to improve “tracking” eye move-
ments, relieve vague symptoms such as headache and fatigue, and generally promote
a visual environment conducive to learning (https://www.acbo.org.au/).

Tinted/coloured lenses, purportedly designed to block out poorly tolerated wave-
lengths of light, can be prescribed to relieve “visual stress” (H. Irlen, 1991, 2010; Leslie,
2016; Wilkins et al., 2004). Visual stress is not defined on the Australasian College of
Behavioural Optometry (ACBO) website; however, a Google search for the term unearths
multiple hits for behavioural optometry practices who describe “visual stress” as hyper-
sensitivity and intolerance to stripes, patterns and glare.

There appears to be confusion within behavioural optometry as to the role and value of
VT. While the ACBO states that the role of VT is to enhance the efficiency and comfort of
visual function and not treat dyslexia per se, publications on the ACBO website claim that
“by identifying and treating the visual problem, often reading speed and comprehension
improve without direct reading instruction” (Leslie, 2016, p. 1) In addition, Australian
behavioural optometrists’ websites advertise that VT improves learning skills: “Research
has demonstrated that children can improve in reading skills and mathematical ability
from visual therapy alone” (Fitzroy North Eye Centre, 2024)(https://fitzroynortheyecentre.
com.au/eyecare/behavioural-optometry/vision-therapy/); “A common outcome of taking
part in a behavioural optometry program is that children tend to find it easier to learn”
(https://www.stephendaly.com.au/services/behavioural-optometry), “Improving just one
visual skill can be the difference that makes riding a bike, writing everything the right way
around or getting 100% in a spelling test, possible” (Panoptic Vision Therapy, 2024)
(https://www.panopticvision.com.au/vision-therapy), “we screen for phonological difficul-
ties” (Pezzimenti Nixon Optometrists, 2024) (https://www.pezzimentinixon.com.au/vision-
and-learning/dyslexia) and “behavioural optometry deals with a variety of processing
disorders such as dyslexia and concentration issues” (Stephen Daly Optometrist, 2024)
(https://www.microprismoptics.com.au/services/behavioural-optometry/#read-more).
This results in the frequent prescription by behavioural optometrists of weak plus lenses,
prisms and vision therapy for children with specific learning difficulties.

However, a review by Fletcher and Currie found that there was “little evaluation of
whether even the experience of more comfort carries over to the classroom or is
a sustained practice” (Fletcher & Currie, 2011, p. 5), and Rucker & Philips also questioned
whether VT translates to improved school performance (Rucker & Phillips, 2018).

The theoretical basis for behavioural optometry techniques has not been well estab-
lished, and the literature which favours these approaches suffers from serious methodo-
logical and interpretive flaws. Hence, many past reviews have been critical of the
behavioural methodology. This paper will provide a brief overview into early reviews of
behavioural optometry before critiquing more recent publications, primarily from the last
10-15 years. This paper has been divided into sections which reflect areas in which
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proponents of behavioural optometry believe they have a role, and concludes that the
required progress has not been made in producing credible and compelling scientific
evidence to support their techniques. It is concluded that behavioural interventions
cannot be recommended for children with learning difficulties at this time. Nonetheless,
behavioural optometry remains a persistent presence in conversations regarding children
and reading difficulties. Teachers need to be aware that educational and parental
resources should be directed towards evidence-based treatment modalities instead of
unsubstantiated behavioural approaches.

2. Early reviews of behavioural optometry

Early reviews (Barrett, 2009; Cockburn, 1992; Helveston, 2005; Jennings, 2000; B. K. Keogh,
1974; B. Keogh & Pelland, 1985; Rawstron et al., 2005) of behavioural optometric treat-
ment of children with learning difficulties found a “lack of substantive and comprehensive
evidence” (B. Keogh & Pelland, 1985, p. 228) for the efficacy of such treatments. Keogh and
Pelland noted a lack of consistency of visual training programs, commenting that “there
appears to be almost as many different training programs as there are vision trainers” (B.
Keogh & Pelland, 1985, p. 230). This confusion, along with the ambiguity and equivocal
findings in many of the studies, as well as inconsistencies in methodology and study
design, including small sample sizes, meant that comparisons between studies were
difficult to assess and statistical significance could not be demonstrated. The authors
concluded that in regard to visual training for learning difficulties, there was “little
definitive evidence to argue for its effectiveness” (B. Keogh & Pelland, 1985, p. 234).

In 1992, Cockburn from the Department of Optometry, University of Melbourne, high-
lighted the need for evidence of the efficacy of vision therapy and called for large, masked
randomised controlled trials to reduce the effect of placebo and observer bias (Cockburn,
1992).

In 2000, Jennings published a critical review on behavioural optometry, commissioned
by the College of Optometrists (UK). He noted that behavioural optometry differed
fundamentally from traditional academic optometry and found much of the theory of
behavioural vision therapy unconvincing, as it could not pass evidence-based scrutiny
(Jennings, 2000). In a follow-up review in 2009 and again commissioned by the UK College
of Optometrists, Barrett noted that there had been little progress since the Jennings
review regarding validation of the efficacy of behavioural VT with many of the treatment
approaches lacking a solid evidence base. He concluded that “the continued absence of
rigorous scientific evidence to support behavioural management approaches, and the
paucity of controlled trials in particular, represents a major challenge to the credibility of
the theory and practice of behavioural optometry” (Barrett, 2009, p. 19).

3. Recent reviews of behavioural optometry

Handler and Fierson in 2011 comprehensively reviewed behavioural optometry, VT,
coloured lenses and overlays, and “training glasses”. In their Joint Technical Report on
Learning Disabilities, Dyslexia and Vision for the American Academy of Pediatrics,
American Academy of Ophthalmology, American Association of Pediatric
Ophthalmology and Strabismus, and the American Association of Certified Orthoptists,
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they stated “there is inadequate scientific evidence to support the view that subtle eye or
visual problems cause or increase the severity of learning disabilities” and “scientific
evidence does not support the claims that visual training, muscle exercises, ocular pursuit-
and-tracking exercises, behavioural/perceptual vision therapy, “training” glasses, prisms,
and colored lenses and filters are effective direct or indirect treatments for learning
disabilities” (S. Handler & Fierson, 2011, p. €818). Vision therapy therefore could not be
advocated as it was not evidenced based.

Creavin et al. (Creavin et al., 2015) carried out the first large population-based study
investigating whether there was any association between reading difficulties and
ophthalmic abnormalities. In a cohort of 5,822 children (age 7-9 years), they found an
incidence of 3% of severe reading impairment (SRI). They found no association between
SRl and any ocular parameters except for a weak association between SRI and stereoacuity
(depth perception), a finding very unlikely to have any functional impact on a child
learning to read. The authors concluded that there was “no evidence that vision- based
treatments would be useful to help children with SRI” (Creavin et al., 2015, p. 1057).

The Royal Australian and New Zealand College of Ophthalmologists’ policy statement
on Learning Disabilities, Dyslexia and Vision (2014) states: “Primary dyslexia and learning
disabilities are complex neurocognitive conditions and are not caused by vision problems.
There is no evidence to suggest that eye exercises, behavioural vision therapy, or special
tinted filters or lenses improve the long-term educational performance of people affected
by dyslexia or other learning disabilities” (The Royal Australian and New Zealand College
of Ophthalmologists, 2014, p. 2).

Multiple other reviews on VT for learning disabilities have reached the same conclusion
(Fletcher & Currie, 2011; Ganivet et al., 2014; Quercia et al.,, 2013; Rucker & Phillips, 2018;
Stephenson & Wheldall, 2012).

3.1. Reading and eye movements

Reading is accomplished by a series of co-ordinated horizontal jump movements called
saccades, which “land” the eyes on a particular word. Primarily, saccades are directed
forward, but about 15% are backward saccades (regressions), with the steady fixation
pause between saccades allowing for information to be recognised and processed by an
individual (Granet, 2011; S. M. Handler & Fierson, 2017; Olitsky & Nelson, 2003; Rayner,
1998).

Poor readers and children with dyslexia have similar eye movements when reading as
to a beginner reader or those of an adult reading complex text, showing shorter saccades,
longer and more frequent fixation pauses and an increased number of regressions
(Bellocchi et al., 2013; Boden & Giaschi, 2007; S. M. Handler & Fierson, 2017; Hutzler
et al., 2006; Kirkby et al., 2011; Olitsky & Nelson, 2003; Quercia et al., 2013; Rayner, 1998;
Vagge et al,, 2015) and hence the changes to eye movements are not specific to dyslexia.
This pattern of eye movements can be explained in terms of comprehension failure,
representing the necessity of re-reading a passage to verify its meaning (Hoyt, 1999;
Olitsky & Nelson, 2003; Rayner, 1998). As a reader becomes more proficient in reading,
fixation duration decreases, saccadic length increases, and the number of fixations and
frequency of regressions decreases (Granet, 2011; Rayner, 1998).
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Bilingual readers are noted to read more proficiently in their dominant language,
with shorter fixations, larger saccades and fewer regressions (Rayner, 1998). Likewise,
when dyslexic readers are given text appropriate to their reading level, rather than
their chronological age, their eye movements are similar to that of normal readers
(Bellocchi et al.,, 2013; Boden & Giaschi, 2007; Bucci et al., 2009; Rayner, 1998; Webber
et al., 2011).

Australian behavioural optometry reports include subjective terms such as “poor
eye tracking”, “jerky eye movements” or “extremely poor eye tracking skills” in their
assessments of children, with the subsequent implication that this could contribute
to difficulties with reading. The ACBO purports that VT will improve a child’s ability
to read and write by improving skills such as tracking eye movements (https://www.
acbo.org.au/). However, as noted above, reading is not accomplished by “tracking”,
being the slow smooth pursuit eye movements of following a target steadily from
one point to another such as watching a ball thrown, but rather by a series of
saccades. As discussed by Vellutino et al., “the visual tracking theory of reading
disability has been discredited by well-controlled eye movement studies finding no
difference between poor and normal readers on visual tracking of non-verbal stimuli”
(Vellutino et al., 2004, p. 9). Other authors have noted similar findings (Blythe et al.,
2018; Bucci et al., 2009; Hutzler et al., 2006; Kirkby et al., 2011; Medland et al., 2010;
Vagge et al., 2015).

Various methods have been used to assess “tracking” and the eye’s ability to view and
process information when reading. The most widely used tool by behavioural optome-
trists in the assessment of saccadic eye movements is the Developmental Eye Movement
(DEM) test (Garzia et al., 1990). However, there are concerns regarding the validity of the
test, including the level of false positives, false negatives and poor repeatability (Medland
et al., 2010; Orlansky et al., 2011).

Ayton et al. (Ayton et al., 2009) from the University of Melbourne studied 158 children
(8-11 years) and compared the DEM test performance to quantified saccadic eye move-
ments measured with eye movement spectacles containing an infrared tracker. The
authors found no correlation between DEM test results and symptoms or any of the
objective saccadic parameters measured (accuracy, speed or initiation). The study instead
found a correlation between the DEM test, reading performance and visual processing
speed whereby tasks that require higher levels of cognitive processing resulted in slower
saccadic speeds. This suggests that while the DEM test is a useful test to determine
reading speeds in children known to have reading difficulties, it does not have diagnostic
value in assessing saccadic eye movements with reading (Ayton et al., 2009). Multiple
other studies have also confirmed slower reading speeds in children with reading diffi-
culties, as could be expected (W. Dusek et al., 2010; Medland et al., 2010; Moiroud et al.,
2018; Palomo-Alvarez & Puell, 2009; Quaid & Simpson, 2013; Vagge et al.,, 2015), but
saccadic speed and accuracy were noted to be normal (Bucci et al., 2009; Vagge et al.,
2015).

Similarly, Webber et al. from the Queensland University of Technology found that the
DEM test was not an accurate measure for assessing saccadic eye movements but of
reading speed and that the most significant correlation to reading achievement was the
duration of fixation, suggestive that it is the time taken to process the text that controls
the reading speed (Webber et al., 2011). This supports the premise that the cognitive
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aspects of reading, being the decoding of words and comprehension, control the reading
rate rather than eye movements.

A study by Orlansky of 181 children (6-12 years) found poor repeatability of the DEM
test on repeat testing and that results generally improved with time, without any inter-
vention of VT, implying a learning curve. They questioned the usefulness of the test in the
diagnosis of saccadic dysfunction and subsequently monitoring the progress of patients
receiving vision therapy (Orlansky et al., 2011).

Importantly, Medland et al. used the DEM test to show that eye movements were
slower in subjects when reading from right to left, rather than the conventional English
reading from left to right (Medland et al., 2010). This should not be the case if defective
saccades or poor “tracking” are the cause of reading problems as a defect in both
directions would be expected.

Researchers have commented on the lack of scientific merit in behavioural VT,
specifically for eye movement dysfunction (S. Handler & Fierson, 2011; Metzger &
Werner, 1984; Quercia et al., 2013) and the fact that there is “no biological
plausibility for vision therapy interventions directed at ‘ocular tracking’ to improve
reading” (Rucker & Phillips, 2018, p. 233). Other authors have reported no benefit
from the intervention of VT to improve the reading rate in children who were low
academic achievers or those with learning difficulties (Hussaindeen et al., 2018;
Sampson, 2004; Sampson et al., 2005).

Several studies of children from kindergarten to grade 3, who were invited to
participate (without classification of reading ability), showed that saccadic training
with a computer program based on rapid autonomic naming with numbers improved
oral reading speed and accuracy more in the treated group (Dodick et al., 2017; Leong
et al.,, 2014). However, these studies contained flaws. In the earlier study (Leong et al.,
2014), comprehension was not assessed. In addition, a “high needs” (unspecified)
subgroup who had lower reading scores initially showed the greatest change. The
authors hypothesised that the improvements were due to the “repetitive practice of
reading-related eye movements, shifting visuospatial attention, and visual processing”
(Dodick et al., 2017, p. 104). Reading fluency of the kindergarten group, however, was
tested with numbers, which is not a valid test of reading ability as words were not
used. It also remains unclear how increasing the speed of eye movements results in
improved comprehension. It is also likely that improvement in reading fluency and
comprehension may be obtained by merely increasing the subjects’ reading experi-
ence with time and practice, as opposed to a more formal eye movement program
using only numbers. This would have the added benefit of increasing vocabulary
through improved word recognition and knowledge.

Importantly, children with known congenital neurological or other diagnoses which
result in abnormal eye movements do not have an increased rate of reading difficulties in
view of normal intelligence and normal language development (Gilchrist et al., 1997;
Hodgetts et al., 1998; Kutzbach et al., 2008). Furthermore, it has also been noted that
individuals who develop acquired eye movement disorders do not develop dyslexia
(Rucker & Phillips, 2018).

In view of the above, eye movement exercises, with the subsequent costs in terms of
time and money, to improve “tracking” or saccadic function in children with reading
disability is unnecessary.
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3.2. Reading, refractive error and low plus lenses

There is almost universal agreement that significant refractive error (optical error caused
by the eye being too long, too short, or irregularly shaped) in children with reading
difficulties should be corrected with glasses. Hyperopia, or long-sightedness, is commonly
caused by the eyeball being too short in length and is a normal finding in children. The
Sydney Myopia Study recorded a hyperopia in 93.7% of 6-year-old children (n = 1724) and
70.1% of 12-year-old children (n=2340) (Ip et al., 2008). Children readily overcome low
levels of hyperopia via accommodation, which is the adjustment of focusing within the
eye to allow objects to be seen clearly.

The benefits of correcting higher degrees of hyperopia was demonstrated in 2016 by
The Vision in Preschoolers (VIP) Study Group (USA) which found that some children with
uncorrected hyperopia of =4 Dioptres (D, the unit of measurement used when discussing
the degree of refractive error) or uncorrected hyperopia of 3-6D in conjunction with
reduced near vision or depth perception, scored significantly worse on one aspect of
early literacy testing (print knowledge) (Kulp et al., 2016).

However, various authors have linked lower degrees of hyperopia with academic
underachievement (Quaid & Simpson, 2013; Rosner & Rosner, 1997). A 1997 study by
Rosner and Rosner (Rosner & Rosner, 1997) claimed a “robust” link between hyperopia,
defined as>1.25D and academic underachievement in a group of randomly selected
school-aged children from first to fifth grade (n=782). This conclusion was based on
the finding that only 13% of the hyperopes (long-sighted children) were found to be high
academic achievers compared to 33% of the myopes (short-sighted children). However,
there were actually more emmetropes (children with no refractive error) in the lower
range of academic scores than hyperopes (16% compared to 14%), and the majority of the
hyperopes (73%) were in the average score range. Therefore, analysis should have con-
cluded that myopia is associated with higher academic achievement, rather than assert-
ing that hyperopia was associated with lower academic achievement. Other authors have
also correlated myopia (short-sightedness) with higher academic achievement (S. Handler
& Fierson, 2011; Thurston, 2014) while other studies have found no differences in refrac-
tion between dyslexic children and those who were typically developing readers (W.
Dusek et al., 2010; Raghuram et al., 2018; Wahlberg-Ramsay et al., 2012). In his critical
review, Thurston noted a “lack of evidence of causation between refractive errors and
poor reading” and called for a robust randomised controlled trial to determine if any
causation exists (Thurston, 2014, p. 162).

Together with the behavioural theory that focusing at near can result in symptoms of
eye strain or “near point stress” and may therefore interfere with reading development
(Barrett, 2009; Hurst, 2013; Jennings, 2000), behavioural optometry practitioners continue
to advocate for the correction of any degree of hyperopia via the use of plus lenses, even if
vision and accommodative ability are normal. This has resulted in many children, espe-
cially those with reading difficulties, being prescribed low plus lenses which provide some
minor magnification but which are in reality very close to plain glass. The glasses can often
include a bifocal or multifocal reading add to provide additional magnification for nearby
tasks, which is unnecessary where there is normal accommodative ability.

In summary, there is little evidence to support the view that the correction of incon-
sequential hyperopia creates visual conditions more conducive to reading or that the
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correction of such confers any real-world benefit to struggling readers (Barrett, 2009;
S. Handler & Fierson, 2011; Jennings, 2000). The use of such glasses represents a waste of
resources and distracts from the underlying causes of reading problems.

3.3. Reading, accommodation and convergence

Functions such as accommodation (the ability to change focus at varying distances to see
an object clearly) and vergence (the ability to move the eyes inward or outward in a co-
ordinated way so that both eyes are fixed on the same target) are necessary for efficient
viewing and are known as “binocular functions”, as both eyes are synchronised when
performing these tasks.

Some studies have reported an association with vergence disorders, such as conver-
gence weakness (reduced ability to move the eyes inwards together), and/or accommo-
dative dysfunction in children with reading difficulties/dyslexia (W. Dusek et al., 2010;
Grisham et al., 2007; Hussaindeen et al., 2018; Kapoula et al., 2007; Palomo-Alvarez & Puell,
2008; Raghuram et al., 2018), while other studies found little or no association (Ganivet
et al,, 2014; Hall & Wick, 1991; Kiely et al., 2001; Moiroud et al., 2018; Wahlberg-Ramsay
et al., 2012). This is likely due to the study design and variations in normative values.

Grisham et al. found an 80% incidence of “inadequate” visual skills in a group of 461
high-school students deemed as poor readers (Grisham et al., 2007). However, refraction
(and the subsequent need for glasses) was not assessed, despite over 40% of the students
having reduced vision, but only 8% of the students in the study who needed corrective
lenses wearing them. Hence, many of the “inadequate” visual skills may be related to
significant uncorrected refractive errors which required glasses.

Wahlberg-Ramsay et al. found no differences in binocular vision between dyslexic
children (n=63) compared to controls (n=60) apart from a slightly reduced accommo-
dative amplitude (focusing range) in the dyslexic group which was not thought by the
authors to be significant enough to contribute to any reading difficulties (Wahlberg-
Ramsay et al.,, 2012).

No statistically significant differences were noted in a study of Victorian school children
(n =284, mean age 9.9 yrs) by Kiely et al. in binocular parameters, including accommoda-
tion and convergence, between normal readers and groups of dyslexic children and those
with learning difficulties (Kiely et al., 2001).

Dusek et al. did not define accommodative insufficiency (Al) or convergence insuffi-
ciency (Cl) in their retrospective study of school-aged children (6-14 years) but reported
an incidence of 0.6% and 5.2% for Al and Cl, respectively, in the control group (n =328),
and 4.4% and 18.2%, respectively, in children (n =825) who were referred for reported
reading and writing difficulties despite normal intelligence and no specific learning
disability (W. Dusek et al., 2010).

A follow-up non-randomised study by Dusek et al. (W. A. Dusek et al., 2011) was
unable to prove that the treatment of convergence insufficiency improves the reading
ability of children with reading difficulties and documented CI. Children could choose
between the treatment options of either a) prism reading glasses, with no bifocal, b)
home-based computerised vision therapy, or c) no treatment. At the follow-up assess-
ment 4 weeks later, all three groups improved in reading speed, with fewer reading
errors. The authors reported greater improvements in reading time and accuracy and
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other parameters in both the a and b groups, with more improvement with the prism
glasses, than in the untreated group. The prism glasses, however, were not worn at the
follow-up visit, so it was not demonstrated how the glasses contributed to improve-
ment in function at the subsequent assessment. In addition, the study’s non-
randomised design, with subjects choosing their own treatment, lends some insight
to the level of participant motivation. There was no true placebo group (the control
group being those who refused treatment, did not receive a placebo treatment) and
the study was not masked. The primary aim of the study was to treat Cl in a group of
children with reading difficulties, however the additional data supplied revealed that
the majority of children (83 of 134) had no demonstrable improvement of their
convergence near point (the main criterion for Cl) despite treatment for convergence
insufficiency (W. A. Dusek et al., 2011).

A prospective randomised clinical trial in the US of 310 children (9-14 years), the
Convergence Insufficiency Treatment Trial-Attention and Reading Trial (CITT-ART), in
2019 found that after 4 months of treatment in-office vergence/accommodative therapy
for symptomatic convergence insufficiency was no better at improving reading fluency or
comprehension than placebo (CITT-ART Investigator Group, 2019a) nor was there any
significant difference between the two groups in symptom improvement (CITT-ART
Investigator Group, 2019b). The authors concluded that objective testing was critical for
assessing Cl and response to treatment rather than relying on self-reported symptoms
(CITT-ART Investigator Group, 2019b), confirming Morad et al. (2002) study that found no
correlation between reading comprehension tests and convergence measurements
(Morad et al., 2002).

A secondary measure of children with symptomatic Cl enrolled in the CITT was the
reporting of parents’ perception of the frequency of adverse academic behaviours in their
children as measured by the Academic Behaviour Survey (ABS) (Borsting et al., 2012). Only
19% of the children from the four groups were reported as successfully treated (compo-
site measures of the Cl symptom survey and clinical signs) following 12 weeks of Cl
treatment and 28% had improved, but the majority (53%) were “non-responders”. The
authors found a greater decrease in the ABS scores as perceived by parental observation
in those children who were reported as successful/improved following treatment. This,
however, did not correlate with improvements in clinical signs, and hence, any improve-
ment in academic behaviour could be interpreted as subjective. Furthermore, the CITT-
ART also showed that vergence/accommodative therapy was no more effective in improv-
ing attention than placebo therapy (CITT-ART Investigator Group, 2021).

In their study of children with learning difficulties, Hussaindeen et al. found accom-
modation and vergence anomalies in 46 of 94 children (Hussaindeen et al., 2018). The
group with binocular vision anomalies was then randomly divided into an intervention
group given VT (n=24) and a control, non-intervention group (n=22). Following 10
sessions of VT there was a statistically significant improvement in accommodation and
vergence measurements in the intervention group. However, improvements in the var-
ious binocular vision parameters following VT could be perceived as reflecting a learning
effect in performing the test as there was no difference in the reading rate, DEM scores or
the vision-related quality-of-life scores between the intervention group post-treatment
and non-intervention group. This would call into question the relevance of VT with regard
to any functional impact for reading in children. The fact that the sample size was small,
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the examiners were not masked and the non-intervention group did not receive any
placebo treatment were additional limitations to the study.

In 2018, Raghuram et al. published an inconclusive study to investigate the frequency
of visual deficits in children (7-11 years) with developmental dyslexia (Raghuram et al.,
2018). The reported increase in accommodative deficits, vergence anomalies and
impaired ocular motor tracking in children with DD as compared with those who were
typically developing readers (TD) was questionable. This prospective, observational and
non-randomised study was criticised for its study design and methodology (Elder & Gole,
2019; Larson, 2018) and described as both controlled and uncontrolled in the text. Subject
selection was by invitation, and the sample size was small, with only 29 children with DD
(males 66%) and 33 with TD (males 36%). The groups were not well matched for age, sex,
IQ or ethnicity (52% of the TD group were Asian, whereas none of the DD groups were).
Eleven of the 27 children classified in the DD group who underwent eye movement
recordings were reading at Grade level. In addition, the examiners were un-masked and
the eye movement recordings were interpreted “in the absence of criteria in the litera-
ture” (Raghuram et al., 2018, p. 1090). Larson has noted that children with developmental
dyslexia have more trouble with visual attention and cognitive reading skills and therefore
testing of basic visual functions such as accommodation or convergence is likely to
accentuate a child’s weakness (Larson, 2018). Hence, it remains undetermined how
much of the problem is due to reduced accommodation/convergence versus inattention
and difficulties with higher-order cognitive function.

The above findings are consistent with the theory that dyslexia is caused by phonolo-
gical defects rather than binocular vision defects. Remediation should therefore be
appropriately directed to suitable language-based programs.

3.4. Reading and coloured filters (tinted lenses and overlays)

Coloured lenses and overlays (Irlen lenses, Precision Tinted Lenses) have been promoted
by Irlen practitioners and others, including behavioural optometrists (Leslie, 2016) to
relieve symptoms termed “pattern glare” or “visual stress” (Wilkins et al. 2004), or Irlen
syndrome (H. Irlen, 1991, 2010) which remains an unproven entity.

Irlen proposed that many individuals, and especially those with reading difficulties,
have an increased sensitivity to certain wavelengths of light which create visual distor-
tions with print and backgrounds that interfere with reading. By filtering out these
wavelengths with coloured/tinted filters, the visual distortions are purportedly reduced,
allowing individuals to improve their reading fluency, comfort, comprehension, and
attention with an expected immediate effect (H. Irlen, 1991, 2010; H. Irlen & Lass, 1989).

Irlen described the condition as the “scotopic sensitivity syndrome” (SSS) with the
implication of excessive retinal sensitivity to specific/certain wavelengths of light (H. Irlen
& Lass, 1989). The term “scotopic” implies involvement of specific photoreceptors (rods) in
the retina which function best in dim conditions. Reading, however, is performed with the
cone photoreceptors in light conditions (Fitzgerald, 1989; Helveston, 1990; Solan, 1990).
Studies assessing retinal function with electrophysiology (which objectively measures the
electrical responses of the retinal photoreceptors) have not detected any changes in
either rod or cone responses in subjects with reading discomfort or dyslexia (Hannell et al.,
1989; Ridder et al., 2008).



162 (&) M.FLAHERTY ET AL.

The existence of Irlen syndrome has been questioned (Helveston, 1990; Hoyt, 1990), as
the diagnosis relies solely on the self-reporting symptoms of individuals, and their sub-
jective response to treatment, making this a diagnosis of exclusion. Despite the condition
being reported since the early 1980s, there remains no corresponding physiological or
biological correlation to identify individuals with Irlen syndrome nor have any objective
quantitative tests shown changes in visual function (Hannell et al., 1989; Ridder et al.,
2008).

Subsequently, a perceptual dysfunction affecting visual processing of information was
proposed whereby individuals have a heightened sensitivity to certain environmental
stimuli, such as fluorescent lights, whiteboards, textbooks and computer screens (H. Irlen,
1991, 2010), which also remains unproven on a biological level.

Independent researchers have consistently failed to identify any demonstrable
visual benefit of using tinted lenses in the reading ability of children (Albon et al.,
2008; Evans & Drasdo, 1991; Galuschka et al., 2014; S. Handler & Fierson, 2011; lovino
et al., 1998; Malins, 2009; Menacker et al., 1993; Ritchie et al., 2011; Suttle et al.,,
2018). Criticisms have included the lack of a plausible basis for the hypothesis and
a lack of randomised controlled trials. Reports that have shown the benefit of the
lenses are often anecdotal and are generally reported by those who have a vested
interest in promoting the lenses (H. Irlen, 1991, 2010; Wilkins et al., 2004). Studies
which show the effect have been limited by small sample sizes, selection bias, lack of
a control group to rule out a placebo effect, no statistical analysis, and lack of
a comprehensive eye exam to exclude other eye conditions that may be present
with similar symptoms (Evans & Drasdo, 1991; Fitzgerald, 1989; Gole et al., 1989;
H. L. Irlen & Scheiman, 1994). In addition, there is significant variability in the
selection method for the colour of the tints, with poor test-retest repeatability for
colour choice (S. Handler & Fierson, 2011; Suttle et al., 2017; Woerz & Maples, 1997).
A stereotypic gender-based preference in the choice of colours has also been
reported (Conway et al., 2016).

In 2018, the Royal Australian and New Zealand College of Ophthalmologists released
a policy statement on Irlen syndrome noting the critical lack of scientific evidence
supporting the efficacy of coloured filters/overlays in the improvement of reading and
hence could not endorse the treatment (RANZCO, 2018). This is in keeping with the Joint
Technical Report on Learning Disabilities, Dyslexia and Vision by the American Academy
of Ophthalmology, the American Academy of Pediatrics, the American Association for
Pediatric Ophthalmology and Strabismus and the American Association of Certified
Orthoptists (AAO, AAPQOS, AACO Joint Statement, 2014).

Thus, there remains no credible body of research that supports the existence of Irlen
syndrome or the efficacy of coloured lenses and filters in the improvement of reading,
including in children with reading difficulties.

3.5. Reading and visual information processing/visual perception training

Visual information Processing (VIP) is a higher-order cognitive function that has been
defined as the process of selecting, organising and integrating information acquired
through vision (Sampson, 2004), and includes visual perception and visual-motor integra-
tion. Tests of Visual Perceptual Skills include visual discrimination (recognising differences



AUSTRALIAN JOURNAL OF LEARNING DIFFICULTIES . 163

and similarities between objects), visual memory (spatial and sequential), visual form
constancy (recognising an object despite changes in size or orientation), visual figure
ground (ability to see a specific object in a busy background), visual spatial relations (i.e.
laterality and directionality) and visual closure (ability to recognise a visual form when
incomplete) (Sampson, 2004).

Reversal of letters (and mirror writing), regarded by some as a sign of poor visual
perception or visual spatial confusion, has been noted to be a normal developmental
finding in young children and reported with no greater frequency among reading
impaired children than in normal readers (Boden & Giaschi, 2007, Goswami, 2015;
Granet, 2011; Metzger & Werner, 1984; Olitsky & Nelson, 2003; S. E. Shaywitz, 1996;
Vellutino, 1987). Previous studies have also shown that poor readers are able to perform
copying tasks similar to those of typically developing readers, indicating normal visual
spatial skills, but have poorer responses in naming of objects, suggestive that the difficulty
lies on the verbal/linguistic side, rather than any visual processing defect (Metzger &
Werner, 1984; Vellutino, 1987; Vellutino et al., 2004).

In their study, Goldstand et al. did not find any significant difference in the visual
information processing scores, including visual perception, between proficient and non-
proficient readers (Goldstand et al., 2005). Similarly, in a series of experiments designed to
resemble single-word reading, but without a phonological component, Shovman &
Ahissar found no differences between dyslexics and a control group, concluding that
dyslexia is not caused by a visual processing deficit (Shovman & Ahissar, 2006).

Behavioural optometrists propose that VT promotes a visual system optimal for learning
by improving VIP skills (https://www.acbo.org.au/). However, both early (Kavale & Mattson,
1983; B. K. Keogh, 1974; B. Keogh & Pelland, 1985; Metzger & Werner, 1984; Vellutino, 1987)
and later reviews (Fletcher & Currie, 2011; Handler et al., 2014) of the ophthalmic, optometric
and psychological literature found little evidence to support the view that visual perception
difficulties are the cause of reading failure in children nor any evidence to suggest that visual
training was effective in improving reading ability. While Kavale et al. found a correlation
between visual perceptual skills and reading in a meta-analysis study (Kavale, 1982), a follow-
up meta-analysis of 180 studies (all with control groups) assessing the efficacy of perceptual-
motor training in children showed that the effects of these treatments were negligible for
improving academic, cognitive or perceptual motor skills and were in fact-negative inter-
ventions for reading achievement (Kavale & Mattson, 1983). They commented that such
programs waste valuable time and money, providing the child with a placebo therapy rather
than an appropriate remedial program which would address the child’s underlying learning
difficulties (Kavale & Mattson, 1983). Hence, it could be argued that practising VIP skills with
VT activities may do no more than improve the ability to perform the test, rather than confer
any improvement in academic performance (Fletcher & Currie, 2011).

A randomised controlled trial of 96 Grade 1 and 2 school children in Australia identified
as being low academic achievers with poor VIP skills assessed the efficacy of treatment for
VIP dysfunction and its effect on educational performance (Sampson, 2004; Sampson
et al., 2005). The experimental group underwent a visual therapy program designed to be
typical of intervention programs commonly used in contemporary paediatric optometric
clinical practice. The control group received a placebo program providing similar amounts
of time and individual attention as the experimental group but no VT. Results of the 69
children who successfully completed the program showed both groups demonstrated
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significant benefits in educational and VIP parameters beyond what was anticipated for
the effects of maturation and continued educational instruction, suggesting that the
placebo effect was responsible for much of the improvement. Sampson concluded that
“there is no evidence to support the efficacy of the investigated VT program in improving
reading capability above the level achieved by a control group” (Sampson, 2004, p. 223).
This is consistent with the previously conducted study by Brodney et al. which also found
no significant differences in visual perceptual skills or visual motor integration skills in
children with reading difficulties between those who had received vision therapy and
those who had not (Brodney et al., 2001).

Furthermore, the assessment of learning difficulties and of visual perception should be
carried out by appropriately qualified professionals such as educators, neuropsychologists
and speech pathologists and interpreted in the broader context of intelligence and
academic ability, expressive and receptive language skills, adaptive behavioural functions
and social and emotional developments (Auspeld, 2021).

3.6. Attention-deficit/hyperactivity disorder (ADHD), autism

A significant proportion of children who have dyslexia shares a comorbidity with ADHD
and/or autism (American Psychiatric Association, 2013; Anketell et al., 2018; Bellocchi
et al., 2013; Dawidowsky et al., 2019; S. M. Handler & Fierson, 2017; Hussaindeen et al,,
2018; S. E. Shaywitz, 1998; Vellutino et al., 2004). Neurobehavioural disorders such as these
are known to aggravate the symptoms and difficulties in children with learning disabilities
(Bellocchi et al., 2013). ADHD or autism may masquerade as either a specific learning
difficulty or a visual problem in that poor academic performance may reflect inattention
and difficulties in performing the test, rather than any true deficiency in these areas
(American Psychiatric Association, 2013).

An increase in convergence insufficiency and/or accommodative dysfunction has been
reported in children with ADHD/ADHD behaviours and autism (Anketell et al., 2018;
Borsting et al., 2005; CITT-ART Investigator Group, 2021; Dawidowsky et al., 2019; Granet
etal., 2005; Lee et al., 2014; Rouse et al., 2009). Confounding factors, however, in assessing
visual function in children with ADHD include difficulties with concentration, following
instructions and sustaining attention long enough to be tested adequately (Larson, 2018).
In addition, many children with ADHD/autism are on behaviour modifying medications
which may influence accommodative responses and convergence (Bingdél-Kiziltung et al.,
2022; CITT-ART Investigator Group, 2021; Farrar et al., 2001).

To date, there are no studies which show children with ADHD/autism have an aversion
or avoidance for near visual activities such as looking at or playing on handheld devices,
which should be the case if difficulties with convergence or accommodation were
symptomatic. On the contrary, studies have shown that many children with ADHD/autism
enjoy prolonged use of their devices (Dong et al., 2021; Kim et al., 2019; Yang et al., 2022).

4. Conclusion

There is no scientific basis to the view that “tracking” problems cause reading difficulties
nor any plausible evidence that VT exercises to improve “tracking” will confer improve-
ment in reading ability. There is no compelling evidence that minor accommodation or
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convergence weakness or mild refractive errors contribute to reading difficulties, or that
treatment of such is beneficial. Treatment of symptomatic convergence insufficiency has
not been shown to improve reading function. There is no credible evidence to support the
theory that training visual perceptual skills will transfer to improved reading ability.
Treatments such as VT, coloured filters/lenses or movement-based exercises do not
have sufficient evidence to be considered effective in enabling children to be more
responsive to educational instruction, and therefore should not be recommended.
Publications that promote the utilisation of such techniques are limited and/or flawed.

Reported claims of improvement are often through testimonials and self-promotional
internet advertising rather than by rigorous evidence. At the time of submission, much of
the research that the ACBO provides on their website with regard to the efficacy of VT on
reading difficulties is written by a small number of proponents and constitutes summaries
of questionable publications, many of which have been critiqued here. Other evidence
cited on the ACBO website is irrelevant, such as the publication of adjustable sutures,
a technique used in surgery to restraighten misaligned eyes. Therefore, the lack of
evidence to support VT techniques which has been raised by other authors continues
to remain unaddressed.

Ineffective treatments waste valuable time and resources and may cause a delay in
seeking evidence-based treatments. As Evans and Allen point out “it is important for
practitioners to appreciate that any interventions carry a cost to the patient and family in
terms of expense, time, and raised expectations. For interventions where the evidence is
weak (e.g. coloured filters, small refractive errors, vision therapy) then the practitioner
should be particularly careful not to overstate the case for intervening” (Evans & Allen,
2016, p. 216).

Given that the primary defect in dyslexia is linguistic, early intervention with intensive,
explicit instruction in the language areas, including phonics and phonemic awareness,
remains the best recommended primary intervention. As Fletcher and Currie point out “if
the goal is improved reading or math, teach reading and math” (Fletcher & Currie,
2011, p. 5).
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