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Abstract
Background: Much of learning is associated with visual cues, so children with vision-related problems may find it
difficult to keep up with their peers in an academic setting. In order to assess the relationship between success in
an academic setting and vision-related problems, we compared the prevalence of vision-related problems between
children with Individualized Education Programs (IEPs) to population-based samples from the literature.
Methods: Eye care professionals completed refraction and cover test on children with an IEP. The prevalence of a
variety of conditions exhibited by children with IEPs was compared to prevalence rates reported in the literature.
Prevalence rates were compared using Chi-square tests, adjusted for multiple comparisons.
Results: Data were analyzed for 255 children reported to have an IEP. The average age of the children was 9.6 ± 2.9
years, and the average spherical equivalent refractive error in the right eye was +0.54 ± 2.21 D. Higher prevalence
rates were reported for IEP patients than for samples from the literature for myopia (9 of 13 studies), hyperopia
(10 of 13 studies), astigmatism (6 of 9 studies), anisometropia (3 of 4 studies), and strabismus (6 of 6 studies). The
entering distance visual acuity of IEP patients was 20/40 or worse for 23.7% of eyes, but 7.2% of eyes still had acuity
worse than 20/40 after refraction. Of the children who required some form of treatment, 124 (69.3%) had better than
20/40 entrance visual acuity in both eyes.
Conclusion: Children with IEPs have a significantly higher prevalence of myopia, hyperopia, astigmatism,
anisometropia, and strabismus than most population-based samples in the literature. Many of these vision problems
would be undetected by vision screenings based on distance visual acuity, illustrating the need for comprehensive
vision examinations for children who are struggling academically.
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It has been estimated that 80% of learning is obtained
through vision. Although there is no scientific evidence for
this statement, few disagree with the assertion. Scientists have
found significantly lower achievement test scores,1 as well as
reduced letter and word recognition, receptive vocabulary,
emergent orthography,2 and verbal and performance
intelligence quotients3 among children with uncorrected
hyperopia. Furthermore, children with learning disabilities
exhibit a greater prevalence of vision-related problems than
the entire population.4 Most vision problems that may affect
learning are related to refractive error,4 so vision examinations
may provide helpful information in the management of
children with learning disabilities.
The Individuals with Disabilities Education Act was enacted
in 2005. It ensures educational services for all children with
disabilities. The Individuals with Disabilities Education Act
resulted in the creation of Individualized Education Programs
(IEPs) for all children with disabilities. An IEP is a written
statement that includes a child’s present levels of academic
achievement and functional performance, measurable academic
and functional goals, alternate assessments aligned to alternate
achievement standards (if necessary), and a description of
necessary special education services, supplementary aids, and
accommodations. An IEP is written by a team of professionals
that may include school psychologists, teachers, school nurses,
speech and language teachers, and medical specialists in order
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to set measurable goals and establish a guide for the child’s
special learning needs.5
The Ohio revised code 3323.19 requires a student receiving
an IEP for the first time to undergo a comprehensive eye
examination with a licensed eye care professional within three
months, unless the student has had an examination within the
last nine months.6
Other states have instituted mandatory eye examinations
for children. Kentucky, Missouri, and Illinois require all
children entering kindergarten to have an eye examination.
Only Arkansas, North Carolina, Oklahoma, and Massachusetts
require examinations for children who failed vision screenings,
and only Ohio and Massachusetts require vision examinations
for children with learning difficulties. Sixteen states do not
even require vision screenings for children.7
In this study, we compare the prevalence of ocular findings
in children who report having an IEP to the prevalence of
similar findings reported in the literature.

Methods
The study was approved through The Ohio State University
Biomedical Sciences Institutional Review Board, and it
followed the guidelines of the Declaration of Helsinki. A
waiver of consent was approved because all data were deidentified.
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Figure 1. The distribution of spherical equivalent refractive error of the right eye of 252 patients with
refraction data.

Eye care professionals completed an examination form.
The form was either provided to parents by the school, or it
was available on the Ohio Optometric Association and Ohio
Ophthalmological Society websites for eye care practitioners
to download. The practitioner then faxed the form to the Ohio
Optometric Association for inclusion in the study. Data from
the examinations forms were collected between 1 May 2006
and 30 November 2009.
Literature searches for large pediatric studies representative
of the population were conducted via PubMed using key terms
such as “children,” “population-based,” “prevalence,” and each
of the various conditions. The original papers were retrieved,
and they were scanned for applicability and comparability.
Representative samples were defined as a randomly selected
group or a large group of volunteers who were not believed
to represent a significantly biased sample. All relevant papers
were included in the comparisons.
Data were single-entered into an Excel database, and range
checks were applied to reduce deleterious effects of spurious
entries. Categorical data were compared using Chi-square tests,
and significance was adjusted for multiple comparisons using a
conservative p-value of less than 0.05.

Results
We received 324 forms between May 2006 and November
2009. Of those forms, 55 included children younger than
5 years (they were younger than school age, so they were
excluded), and 14 forms were incomplete. The remaining 255
forms were included in the analysis. The average age of the
IEP patients was 9.6 ± 2.9 years (range: 5 to 18 years), and the
average spherical equivalent refractive error of 252 right eyes
(three forms were missing refraction data) was +0.53 ± 2.20 D
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(Figure 1). The average spherical equivalent refractive error of
the left eye was similar to the right eye (+0.55 ± 2.19 D).
The majority of IEP patients’ right eyes had no astigmatism
according to the manifest refraction (Figure 2). The maximum
amount of cylinder recorded was –5.75 DC. The refractive
error may have been determined with either cycloplegic or
non-cycloplegic refraction. Thirty-five of the 162 (21.6%)
refractions were marked as cycloplegic while 93 (36.5%) were
not designated.
The literature-based prevalence of refractive errors in
children varies widely based primarily on geographical location,
definition of the refractive error, and age. In order to maximize
the comparability of our data to a number of studies, we present
the data according to several definitions (Table 1).
Based on the various definitions, the prevalence of myopia in
the IEP patient sample ranged from 14.5% to 20.0%. Comparing
the prevalence of myopia with a similar definition of myopia
reported in the literature, there was a greater prevalence of
myopia in the IEP patients than in nine of the 13 studies (Table
2). Three of the studies reported a greater prevalence of myopia
than the IEP patients. One study reported a similar prevalence.
The proportion of clinically relevant hyperopia as defined by
each study was significantly higher for the IEP patient sample
than 10 of the 13 literature-based studies. It was lower for two
studies (Table 2).
The prevalence of astigmatism was significantly greater
for the IEP patients than for six of the nine literature-based
samples that reported astigmatism prevalence. The prevalence
of astigmatism was similar to that in the other three literaturebased samples (Table 2).
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Figure 2. The distribution of astigmatism of the right eye of 252 patients with refraction data.

Anisometropia was found in a significantly larger proportion
of IEP patients than in literature-based samples for four of the
seven definitions used in four literature-based samples (Table
3).
Of 430 eyes from the IEP patient sample with visual
acuities recorded after the manifest refraction, 8 (1.9%) had
best-corrected visual acuity worse than 20/80. This is similar
to a sample of African-American and Hispanic children, with
a prevalence of 25 eyes out of 2124 (1.2%) (Chi-square, p =
0.25).23 The reasons for loss of acuity in the IEP patients were
not collected.

Table 1. Definition-based prevalence of
refractive errors for IEP patients
SE = spherical equivalent
Refractive
Error

Myopia

Hyperopia

Minimum
amount (D)

Analysis

Eye

Prevalence
(%)

–0.50
–0.50

SE

Right

18.8

SE

Worse

20.0

–0.75

SE

Worse

17.6

–1.00

SE

Worse

14.5

–0.50

SE

Average

19.2

–0.75

Sphere

Worse

16.1

+2.00

SE

Worse

11.8

+2.00

SE

Right

11.0

+2.00

SE

Average

10.6

+1.50

SE

Right

18.8

+1.25

SE

Right

15.3

+1.50

Sphere

Worse

20.4
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For the IEP group, if vision correction was worn to the
appointment, the entering visual acuity was measured with
correction, otherwise it was measured without correction. The
entering distance visual acuity was 20/40 or worse for 23.7%
of the 510 eyes. This proportion was reduced to 11.6% of the
430 eyes with visual acuities recorded after refraction. The near
entering visual acuity was 20/40 or worse for 14.5% of the 443
eyes with recorded visual acuities.
Approximately 97% of a sample of kindergarten, second,
and fifth grade children published by Walline et al. exhibited
orthophoria at distance, compared to 79.2% in the IEP sample
(Chi-square, p < 0.001). Table 4 shows that the distribution of
near phorias was similar between the IEP patients and the same
sample (Chi-square, p = 0.82).24
Using a definition of convergence insufficiency (CI) of
near exophoria that shows 4 or more prism diopters greater
exophoria than at distance,25 38 of the 217 (17.5%) IEP children
with cover test data had CI. Comparisons to more thorough
investigations of CI were not possible because sufficient data
for a comprehensive definition of CI, such as the definition
used by the CITT Study,26,27 were not reported by eye care
practitioners in this study. Fifth and sixth grade children from
several locations in the United States exhibited a prevalence of
8.4% using the same definition of CI (Chi-square, p < 0.001).25
The method of reporting strabismus in the literature varies, so
the prevalence based on several definitions of strabismus is
presented for the IEP patients in Table 5.
The proportion of IEP patients with strabismus was greater
than the proportion of samples from the literature based on
13 of the 16 definitions reported in six different studies.
The proportion of strabismus was greater for a sample from
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Table 2. Proportion with myopia, hyperopia, and astigmatism in the literature
SE = spherical equivalent; DS = diopters sphere; N/A = not applicable; * = prevalence of IEP patients significantly higher;
^ = prevalence of IEP patients significantly lower (Chi-square, p < 0.005)
Study

Location

Murthy (2002)8

Urban
India
Rural

Dandona
(2002)9

India

Sample
Size

Age
(years)

Myopia
Definition

%

Hyperopia
Definition

%

Astigmatism
Definition

%

6447

5-15

–0.50 or more
SE, right eye

6.7*

+2.00 or more
SE, right eye

6.3*

0.75 or more in
right eye

5.4*

3976

7-15

–0.50 or more
SE, right eye

3.8*

+2.00 or more
SE, right eye

0.4*

0.75 or more in
right eye

2.8*

Zadnik
(2003)10

USA

2583

6-14+

–0.50 or more
SE, right eye

11.6*

+1.25 or more
SE, right eye

8.6

N/A

N/A

He (2004)11

Urban China

4347

5-15

–0.50 or more
SE, worse eye

35.1^

+2.00 or more
SE, worse eye

5.8*

0.75 or more in
right eye

21.4

Donnelly
(2005)12

UK

1582

8-9

–0.75 DS or
more, worse eye

1.3*

+1.50 DS or
more, worse eye

2.2*

1.00 or more,
worse eye

2.3*

Junghans
(2005)13

Australia

1936

4-12

–0.50 or more
SE, right eye

8.4*

+1.50 or more
SE, right eye

6.9*

N/A

N/A

Goh (2005)14

Malaysia

4634

7-15

–0.50 or more
SE, worse eye

20.7

+2.00 or more
SE, worse eye

1.6*

0.75 or more in
right eye

12.2*

Fotedar
(2007)15

Australia

2233

12

–0.50 or more
SE, right eye

9.8*

+2.00 or more
SE, right eye

3.5*

1.00 or more
right eye

6.4*

He (2007)16

Rural China

2454

13-17

–0.50 or more
SE, worse eye

42.5^

+2.00 or more
SE, worse eye

1.2*

0.75 or more in
right eye

16.7

Ip (2008)17

Australia

2353

11-14

–0.50 or more
SE, mean eye

11.9*

+2.00 or more
SE, mean eye

3.5*

N/A

N/A

Uzma (2009)18 India

3314

7-15

–0.50 or more
SE, worse eye

34.1^

+2.00 or more
SE, worse eye

1.4*

N/A

N/A

Jamali
(2009)19

Iran

815

6

–0.50 or more
SE, right eye

1.6*

+2.00 or more
SE, right eye

14.0

0.75 or more in
right eye

13.5*

Giordano
(2009)20

USA

416

5-6

–1.00 or more
SE, worse eye

4.3*

+2.00 or more
SE, worse eye

23.8^

1.50 or more,
worse eye

12.3

Table 3. Prevalence of anisometropia in the literature and IEP patients based on two definitions
SE = spherical equivalent; * = prevalence of IEP patients significantly higher (Chi-square, p < 0.005)
Study

Location

Sample Size

Age (years) Anisometropia (D) Definition

IEP

USA

255

5-18

Huynh (2006)21

Australia

1765

6

Giordano (2009)20
Tong (2004)21
Jamali (2009)

22

USA

416

5-6

Singapore

1979

7-9

Iran

815

6

the literature than IEP patients based on only one of the 16
definitions (Table 6).
Amblyopia was a diagnosis for 35 (13.7%) of the 255 IEP
children, but no specific criterion was stated for a diagnosis of
amblyopia. In order to confirm this high prevalence, we defined
amblyopia as visual acuity of 20/30 or worse in at least one eye
with strabismus at distance and near or anisometropia of 1.00 D
or more. Of the 215 patients with visual acuities recorded after
refraction, 18 (8.4%) met this definition of amblyopia. In large
population-based studies, the prevalence of amblyopia ranges
from 1.3% to 3.6%.12,19,28,32
Volume 23/2012/Number 4/Page 90

Prevalence (%)

1.00 SE or more

7.1

2.00 SE or more

2.4

1.00 SE or more

1.6*

2.00 SE or more

0.5*

1.00 SE or more

4.5

2.00 SE or more

0.5*

1.00 SE or more

3.8

2.00 SE or more

1.0

1.00 SE or more

2.2*

Accommodative dysfunction was reported by the eye care
practitioner for 44 of the 255 IEP children (17.3%). The specific
diagnosis was undefined for the IEP patients, and it could
include high accommodative lag, accommodative insufficiency,
accommodative spasm, accommodative infacility, or a
combination of these findings. Accommodative dysfunction
was reported in 9.4% to 11.0% of children in various samples
reported in the literature.25,33,34
Of the 255 children who had vision examinations, 179
(70.2%) required some form of treatment, ranging from new
lenses for current glasses to referral. Referrals were for ocular
health (n = 3), vision therapy (n = 12), amblyopia (n = 9),
Journal of Behavioral Optometry

Table 4. Prevalence of phoria categories for
IEP patients and a sample reported in the
literature
Walline (1998)24

IEP
Esophoria

Table 5. Prevalence of strabismus in IEP
patients according to several definitions of
strabismus

10.1

Definition of strabismus

Prevalence

8.9

Any tropia at distance or near

11.5

Orthophoria

62.2

63.7

Any esotropia at distance or near

4.9

Exophoria

27.6

27.4

Any exotropia at distance or near

6.6

Any esotropia ≥ 10∆

2.2

Any exotropia ≥ 15

3.5

∆

Table 6. Prevalence of strabismus from samples in the literature based on several definitions.
All definitions of strabismus include strabismus at either distance or near.

Exo = exotropia; Eso = esotropia; All = esotropia and exotropia; * = prevalence of IEP patients significantly higher;
^ = prevalence of IEP patients significantly lower (Chi-square, p < 0.005)
Study
Williams(2008)28

Location
England

Sample Size
7538

Age (years)
7

Strabismus Definition

%

All

27.0^

Eso, 10∆ or more

Nirmalan (2003)29

India

10605

0-15

MEPEDS (2008)30

USA

1080

5-6

Jamali (2009)19

Robaei (2006)31

Donnelly (2005)12

Iran

Australia

Ireland

815

1739

1582

perceptual therapy (n = 5), mental health evaluation (n = 1),
attention deficit disorder (n = 1), and fine and gross motor
therapy (n = 1). Of the children who required some form of
treatment, 124 (69.3%) had better than 20/40 entrance visual
acuity in both eyes.
Payment source was reported for 233 of the 255 (91.4%)
of the IEP examinations. The source of payment was private
pay for 18.5%, medical insurance for 40.3%, vision insurance
for 36.9%, and charitable contributions for 4.3% of the
examinations.

Discussion
The IEP patients had a greater prevalence of nearly all
vision-related problems examined in this study compared to
literature-based pediatric samples. Higher prevalence rates
were reported for IEP patients than for samples from the
literature for myopia (9 of 13 studies), hyperopia (10 of 13
studies), astigmatism (6 of 9 studies), anisometropia (3 of 4
studies), and strabismus (6 of 6 studies).
Myopia is not associated with school problems,3,35,36 but
myopic children who dislike wearing glasses report improved
academic self-perceptions when corrected with contact
lenses. On the other hand, children who like wearing glasses
do not report similar academic self-perception improvements
Journal of Behavioral Optometry

6

6

8-9

2.8

Exo, 15 or more

0.6*

All

0.4*

All

3.3*

Eso

1.8*

Exo

1.5*

All

1.2*

Eso

0.6*

Exo

0.5*

All

2.8*

Eso

1.5*

Exo

0.8*

All

4.0*

Eso

3.4

Exo

0.6*

∆

when corrected with contact lenses.37 This may lend credence
to the theory that difficulty reading the board may lead to
problems in school, and uncorrected myopia may negatively
affect children’s perceptions about their abilities to learn.
The effects of hyperopia depend greatly on the magnitude
of hyperopia, the age of the individual, visual demands,
and the status of the accommodative and binocular systems.
Uncorrected hyperopia has frequently been associated with
school difficulties,1-3,38,39 but it frequently goes undiagnosed
until children present with problems in school or complain
of eyestrain. Uncorrected astigmatism may lead to blurred
vision at both distance and near, eyestrain, and headaches.
These problems may adversely affect school performance.40
Anisometropia, although it may not affect binocular visual
acuity, often leads to eyestrain, headaches, and poor depth
perception. These visual function issues may lead to decreased
fine motor and visual motor skills that are important for
learning.41 Accommodative and convergence problems
are often associated and may lead to visual symptoms42-44
and behaviors associated with poor school performance.45
Likewise, amblyopia may adversely affect vision-related
tasks and certain aspects of school performance.41,46-48 There
is considerable association between ocular anomalies and
poor school performance. These problems are illustrated by
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the high prevalence of a variety of eye problems experienced
by the patients with IEPs.
In fact, only 29.8% of the IEP patients did not require
any treatment. Out of the 179 IEP patients who required
some form of treatment, 124 (69.3%) would have passed a
distance visual acuity screening program. They may not have
received the treatment necessary to eliminate the potential
visual obstacles that may harm a child’s ability to learn.
Inadequate vision may cause children to become frustrated
with learning, enhancing the likelihood of need for special
education or underachieving. These children may develop a
negative self-image, may exhibit behavior problems, and may
ultimately drop out of school. A study of juvenile delinquents
in Ohio found that 58% had undetected vision problems, and
only 17% of these problems would have been detected with a
vision screening.33 Similarly, a Virginia study of 119 juvenile
delinquents found that 70% had visual perception problems
which would not be detected by vision screenings.49 Passing
distance visual acuity vision screenings does not adequately
insure that children have no need for vision treatment.
Despite good ability to see far away, they may not be able
to see clearly at near, or they may suffer from symptoms not
addressed by distance visual acuity screenings.
Limitations
While this investigation does not prove that correcting
vision-related problems in children with IEPs would improve
their academic standing, it does illustrate an increased
probability of a high prevalence of vision-related problems
in this group. More formal studies of the benefits of vision
correction for students who struggle academically must be
conducted to determine the true effects of vision problems on
learning-related problems.
Eye examination results were not available for all Ohio
children with IEPs. The vast majority of children with
IEPs in Ohio were not examined, the doctors did not send
examination forms, or unusable forms were used to collect
data. Although Ohio law mandates comprehensive vision
examinations for all children with IEPs, it lacks a means of
enforcement. Some school districts specifically mandate the
vision examination, while others simply provide information
about having a child’s eyes examined. This may influence the
number of examinations that are performed, but it is unlikely
to bias the results of the examinations toward only children
with significant eye problems, since it is a district-wide
problem, not a problem of individual patients.
Vision examinations were not conducted according to
a standardized protocol. Most of the refractions were noncycloplegic, which may underestimate the prevalence of
significant hyperopia. Some of the forms provided incomplete
data, and the formation of IEPs was not verified.
Furthermore, the individual comparison groups collected
from population-based samples in the literature may also
differ from the IEP patients in terms of age and ethnicity,
which could influence the prevalence of refractive error.
However, the age and location of the comparison samples
were included so that readers can assess the validity of the
comparison themselves. While every attempt was made to
provide a meaningful comparison, it is acknowledged that
some are more valid than others.
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While the data may not be complete or collected by a
standardized protocol, there is little reason to believe that
the data are significantly biased toward including more IEP
patients with ocular anomalies or that the population-based
samples in the literature are biased toward including more
subjects free of ocular anomalies. Although the results may not
definitively prove that children struggling in school are more
likely to have vision problems, it does provide motivation to
evaluate the prevalence of vision-related problems in children
with IEPs.

Conclusion
Children with IEPs likely have a greater prevalence of
nearly all vision-related problems compared to pediatric
samples representative of the general population reported
in the literature. Because students with IEPs are likely
to experience vision-related problems more often than
the general population, these children should undergo
comprehensive vision examinations to identify and treat these
conditions. The greater proportion of vision-related problems
for children with IEPs and the relatively poor performance
of vision screenings in detecting these problems necessitate
the need for comprehensive vision examinations for children
with IEPs.
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