
Amblyopic children read more slowly than controls under 
natural, binocular reading conditions

Krista R. Kelly, PhDa, Reed M. Jost, MSa, Angie De La Cruz, BSa, and Eileen E. Birch, 
PhDa,b

aRetina Foundation of the Southwest, Dallas, Texas

bDepartment of Ophthalmology, UT Southwestern Medical Center, Dallas, Texas

Abstract

Background—Recent evidence suggests that amblyopia results in fixation instability and 

atypical saccades. Reading is a vision-reliant ability that requires sequential eye movements, 

including forward and regressive saccades. This study investigated reading and associated eye 

movements in school-age amblyopic children.

Methods—Amblyopic children with strabismus and/or anisometropia (n = 29) were compared to 

nonamblyopic children treated for strabismus (n = 23) and normal control children (n = 21). While 

fitted with the ReadAlyzer, an eye movement recording system, children silently read a grade-

level paragraph of text during binocular viewing. Reading rate, number of forward and regressive 

saccades per 100 words, and fixation duration were determined. Comprehension was evaluated 

with a 10-item quiz; only data from children with at least 80% correct responses were included.

Results—Amblyopic children read more slowly and had more saccades compared with 

nonamblyopic children with treated strabismus and normal controls. Fixation duration did not 

differ significantly for amblyopic children versus normal controls. Treated strabismic children 

without amblyopia did not differ significantly from normal controls on any reading measure. 

Amblyopic eye visual acuity was not correlated with any reading measure.

Conclusions—Amblyopia was associated with slower reading in school-age children. 

Treatment for monocular amblyopia visual acuity impairment could improve reading speed and 

efficiency.

A growing body of evidence indicates that amblyopia is associated with impaired 

oculomotor function, including fixation instability1–3 and abnormal saccade initiation and 

execution.4,5 Deficits in oculomotor function in children with amblyopia are likely to 

adversely affect abilities that rely heavily on eye movements, including reading. Reading 
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consists of a series of saccades that allow the eyes to move forward and backward 

(regression) through lines of text. Fixations, or pauses, also occur during reading as 

decoding of phonemes occurs. Studies of eye movements in normally sighted6 and visually 

impaired7,8 adults have reported an association between increased fixation instability and 

slower reading.

Previous studies of binocular reading in amblyopia have reported slower reading in adults 

and school-age children compared with normal controls.9–11 However, none of these studies 

used natural reading conditions; participants were required to orally read short sentences or 

to silently read paragraphs on a large, distant screen. Only two of the three studies assessed 

eye movements and the results were inconsistent despite being conducted by the same 

research group; one reported more regressive saccades and longer fixations than controls,9 

but the other reported more forward saccades than controls.10 Another limitation of earlier 

studies9–11 is that only patients with both strabismus and amblyopia were enrolled, making 

it impossible to address whether the reading impairment was a consequence of the 

strabismus, amblyopia, or both. In the present study subjects read a grade-appropriate 

paragraph of text silently under natural conditions of binocular viewing and at the child’s 

habitual reading distance. An eye movement recording system was used to examine whether 

reading deficits previously found in strabismic amblyopia are due to a history of strabismus 

or current amblyopia. We compared quantitative measures of reading, including reading 

rate, number of forward and regressive saccades, and fixation duration for amblyopic 

children, nonamblyopic children treated for strabismus, and normal control children. We 

predicted that amblyopic children would be slower at reading and would produce more 

saccades compared with the other groups.

Methods

The research protocol was approved by the Institutional Review Board of the University of 

Texas Southwestern Medical Center and conformed to the requirements of the US Health 

Insurance Portability and Privacy Act of 1996. Informed consent was obtained from a parent 

or legal guardian prior to testing and after explanation of the nature and possible 

consequences of the study.

Nonamblyopic and amblyopic school-age children treated for strabismus and/or 

anisometropia were diagnosed and referred to the Retina Foundation of the Southwest by 18 

pediatric ophthalmologists in the Dallas-Fort Worth area. Based on medical records, 

children were categorized into two groups: amblyopia or treated strabismus without 

amblyopia. Amblyopia was defined as an interocular difference in visual acuity of ≥0.2 units 

of logarithm of the minimum angle of resolution (logMAR), best-corrected visual acuity in 

the nonpreferred eye of ≥0.2 logMAR (≥20/32), and best-corrected visual acuity in the 

preferred eye of ≤0.1 logMAR (≤20/25). All strabismic children were initially diagnosed 

with esotropia but had been aligned surgically and/or by spectacle correction within 4Δ of 

orthotropia at near at the time of the reading test. Treated strabismic children were studied 

because (1) they are more typical of US school-age children with a history of strabismus, 

and (2) we wanted to ensure that both eyes were working together—misalignment >4Δ–6Δ 

disrupts binocularity,12 and tracking reliability may be affected. Children with combined 
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mechanism amblyopia (strabismus + anisometropia) were categorized as strabismic. A 

group of age-similar, normal control children was also enrolled. These subjects had no 

history of vision disorders, normal visual acuity, and normal Randot stereoacuity. None of 

the children were born preterm (<32 weeks’ postmenstrual age) or had coexisting ocular or 

systemic disease, congenital infections/malformations, or developmental delay. None of the 

children were dyslexic or enrolled in school reading intervention programs. English was the 

primary language for all children.

Prior to reading, monocular best-corrected visual acuity was obtained for each eye using the 

e-ETDRS system.13,14 Reading was assessed during binocular viewing using the 

ReadAlyzer (Compevo AB, Stockholm, Sweden), an infrared eye movement recording 

system mounted in goggles worn over the child’s habitual spectacle correction. The child sat 

eye level at a comfortable, habitual reading distance (35–40 cm) and was required to silently 

read paragraphs of text from a booklet. The first paragraph was at grade-level 1 and served 

as a practice run, allowing the tester to determine whether the goggles were tracking 

properly. If there was a problem with the position of the goggles or reflections from the 

child’s glasses, the goggles were adjusted before proceeding with the test. Once the grade-

level 1 pretest was completed, the child was tested with a paragraph at the last grade-level 

completed. Each paragraph averaged 12 lines and 100 words. After reading the paragraph, 

the child was asked 10 yes-or-no comprehension questions. Recordings were considered 

acceptable for analyses if comprehension was ≥80% and tracking reliability was ≥70%. 

Tracking reliability may be lowered by ≥5% artifact time, excessive blinking, too much head 

movement, and occlusion of one infrared sensor by glasses frames. Outcome measures 

obtained from the recordings were reading rate (words per minute), number of forward 

saccades (per 100 words), number of regressive saccades (per 100 words), and mean fixation 

duration (seconds).

Statistical Analysis

Statistical significance of differences among groups (amblyopia, treated strabismus without 

amblyopia, normal control) in reading rate, number of forward saccades, number of 

regressive saccades, and fixation duration were evaluated using one-way analysis of 

variance (ANOVA). Significant ANOVAs were followed with post hoc Bonferroni pairwise 

group comparisons. Kruskal-Wallis ANOVA15 was used if the data were not normally 

distributed, followed by post hoc Mann Whitney U tests.16 When normality is violated, 

these tests are commonly used nonparametric alternatives to a one-way ANOVA and 

Bonferroni t tests for pairwise group comparisons, respectively. Partial correlations 

controlling for last grade completed were conducted to determine relationships of 

nonpreferred eye best-corrected visual acuity with each reading measure for amblyopic 

children.

Results

A total of 73 children met the comprehension and tracking reliability criteria; 29 amblyopia 

(15 males; mean age with standard deviation [SD], 9.4 ± 1.2 years; age range, 8.0–12.4 

years), 23 treated strabismus without amblyopia (7 males; mean age, 9.8 ± 1.4 years; range, 
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8.2–12.3 years), and 21 normal controls (11 males; mean age, 10.1 ± 1.4 years; range, 8.1–

12.5 years). Four children (1 normal control, 2 with amblyopia, 1 with treated strabismus 

without amblyopia) were excluded in the analysis due to scoring below 80% comprehension, 

and 5 children were excluded due to <70% tracking reliability. Low reliability was due to 

head movement and glasses (occlusion of infrared tracker, bifocals).

No sex differences in reading measures were found for any group (P values, 0.18–0.99). 

Groups did not differ in last grade completed (H2,73 = 1.74, P = 0.42) or comprehension 

(H2,73 = 3.42, P = 0.18). Descriptive statistics for amblyopic children, strabismic children 

without amblyopia, and normal controls for last grade completed, comprehension, and 

nonpreferred and preferred eye visual acuity are provided in Table 1.

Reading rate, number of forward saccades, number of regressive saccades, and fixation 

duration for each group of children are summarized in Figure 1. Reading rate was 

significantly different between groups (F2,70 = 6.58, P = 0.002). Amblyopic children read 

significantly more slowly (mean, 148 ± 52 words/minute) than strabismic children without 

amblyopia (mean, 198 ± 71 words/minute; P = 0.004), and normal control children (mean, 

204 ± 62 words/minute; P = 0.002). Strabismic children without amblyopia and normal 

control children did not differ in reading rate (P = 0.76).

Similarly, the number of forward saccades differed significantly between groups (F2,70 = 

12.38, P < 0.001). Amblyopic children made significantly more forward saccades (mean, 

116 ± 28 forward saccades/100 words) compared with strabismic children without 

amblyopia (mean, 84 ± 27 forward saccades/100 words; P < 0.001) and normal control 

children (mean, 86 ± 25 forward saccades/100 words; P < 0.001). Number of forward 

saccades did not differ significantly between strabismic children without amblyopia and 

normal control children (P = 0.75).

Number of regressive saccades did not differ significantly between groups (mean, 24 ± 15 

regressive saccades/100 words for amblyopic children, 19 ± 15 regressive saccades/100 

words for strabismic children without amblyopia, 15 ± 9 regressive saccades/100 words for 

normal control children; F2,70 = 2.85, P = 0.064). Mean fixation duration did not differ 

significantly between groups (amblyopic children, 0.32 ± 0.05 seconds; strabismic children 

without amblyopia, 0.33 ± 0.05 seconds; normal controls, 0.32 ± 0.04; H2,73 = 0.86, P = 

0.65).

Amblyopic eye visual acuity was not significantly correlated with reading rate (r = 0.17; P = 

0.39; 95% CI, −0.21 to 0.51), number of forward saccades (r = −0.20; P = 0.32; 95% CI, 

−0.53 to 0.18), number of regressive saccades (r = −0.01; P = 0.95; 95% CI, −0.38 to 0.36), 

or fixation duration (r = −0.15; P = 0.45; 95% CI, −0.49 to 0.23) in amblyopic children.

In secondary analyses, we further divided the amblyopic group into subtypes based on a 

diagnosis of strabismic or combined mechanism amblyopia (n = 14) and anisometropic 

amblyopia (n = 15) to determine whether groups differed in reading measures. Both groups 

were comparable in last grade completed (P = 0.50), amblyopic eye visual acuity (P = 0.88), 

and comprehension (P = 0.25). Independent t tests revealed that reading rate, number of 
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forward saccades, number of regressive saccades, and fixation duration did not differ 

significantly between groups (P = 0.19–0.57 for all comparisons; Figure 2).

Discussion

We report for the first time that amblyopia, not strabismus, is the key factor in poorer 

reading in school-age children with amblyopia. The amblyopic children in our study were 

slower at binocular silent reading compared with treated strabismic children without 

amblyopia and normal control children, consistent with previous studies that reported slower 

reading in children and adults with strabismic amblyopia.9–11 However, previous studies did 

not emulate natural reading conditions that the child would normally encounter in school, 

that is, binocular silent reading of grade-appropriate paragraphs at habitual reading distance. 

Lastly, these studies evaluated subjects who had both amblyopia and strabismus and 

therefore were unable to evaluate the effect of strabismus alone on reading or the effect of 

anisometropic amblyopia on reading. Our comparison among these diagnostic groups 

allowed us to verify that reading rate did not differ based on whether amblyopia was due to 

strabismus or anisometropia and further supports our conclusion that slower reading is a 

consequence of amblyopia and not of strabismus.

Slower reading in amblyopic children may result from oculomotor dysfunction that 

accompanies amblyopia, as evidenced by our finding of an increase in the number of 

forward saccades. This finding is consistent with prior reports of more saccades during 

reading in adults with strabismic amblyopia than in normal controls.10 Similar increases in 

the number of saccades have been observed with simulated small central scotomas17; 

therefore, the ocular motor changes observed in the current study may be the result of a 

monofixation scotoma associated with mild esotropic amblyopia.18,19 Small central 

scotomas reduce the visual span, resulting in poor saccadic accuracy and increased number 

of saccades during binocular reading.20

Alternatively, it is possible that slower reading is instead a consequence of the visual acuity 

deficit, and the oculomotor deficit (ie, increased forward saccades) is secondary to the visual 

acuity deficit. A potential indirect effect of the visual acuity deficit in amblyopia is fixation 

instability. Fixation instability increases with the severity of amblyopia3 and is associated 

with slower reading in adults with macular disease.7,8,20 We did not directly assess fixation 

instability in the current study. Yet, at least within the range of moderate amblyopia in our 

study (0.2–0.6 logMAR [20/32 to 20/80] best-corrected visual acuity), there was no 

relationship between any reading measure and severity of amblyopia. Thus, the presence, not 

severity, of amblyopia was sufficient to cause slower reading in our patients. Because the 

range of amblyopia was moderate, our study may not have been sufficiently powered to 

make any statement regarding the relationship between the reading deficit and severity of 

amblyopia. Future studies should include a larger range of visual acuity to further 

investigate this relationship.

It is important to note that our finding of impaired reading in amblyopic children is unlikely 

to be due to comprehension difficulties. Only data from children who scored 80% or higher 

on the comprehension questions were included in the analyses. Second, children with 
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dyslexia and those enrolled in school reading intervention programs were not eligible for the 

current study. Third, previous studies have shown that comprehension difficulties are 

associated with increases in fixation duration and regressive saccades.21 Consistent with 

good comprehension among all groups of children in the current study, there were no group 

differences in fixation duration or regressive saccades. The lack of group differences on 

these measures contrasts with one previous report of adults with strabismic amblyopia who 

had more regressive saccades and longer fixation durations during reading compared with 

normal controls.9 This inconsistency may be attributed to differences between the previous 

study and the current study, including reading conditions (paragraphs of text projected on a 

screen at 1.2 m versus printed paragraphs in a booklet at the habitual reading distance of 

about 40 cm), and differences in ocular alignment at the time of testing (most in the previous 

study were exotropic at the time of testing, whereas all treated strabismic patients in the 

current study had a history of esotropia but were aligned within 4Δ of orthotropia at the time 

of testing). Further, our strabismic children included those with combined mechanism; we 

were unable to assess combined mechanism and strabismus only separately due to small 

sample sizes. Finally, we included only those with esotropia, and children with other forms 

of strabismus (eg, exotropia) may perform differently on this reading test. Future studies 

should investigate reading in subtypes of strabismus.

Under natural, binocular silent reading conditions, school-age amblyopic children read 

slowly. Slow reading in amblyopic children appears to be a consequence of oculomotor 

dysfunction. Reading is a vision-reliant ability that affords many benefits, including 

promoting imagination and learning, and is fundamental to academic achievement. Slow 

reading can be detrimental to academic performance and learning. Parents and educators of 

amblyopic children may be unaware that a child’s reading may be affected by amblyopia 

because the child may have 20/20 vision when tested binocularly. Currently, academic 

accommodations for visually impaired children are limited to those with bilateral visual 

impairment. In addition to treatment for the monocular visual acuity impairment, it is 

important to provide amblyopic children with proper academic accommodations. Possible 

accommodations include more time to complete tests and enrollment in speed reading 

classes.
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FIG 1. 
Bar graphs depicting group means for reading rate, number of forward saccades, number of 

regressive saccades, and fixation duration for amblyopic children (light gray bars), treated 

strabismic (or combined mechanism) children without amblyopia (white bars), and normal 

control children (dark gray bars). Amblyopic children were significantly slower at reading 

and produced more forward saccades compared with treated strabismic children without 

amblyopia and normal control children. Error bars represent ± standard error of the mean 

(SEM). *P < 0.05, **P < 0.01, *** P < 0.001.
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FIG 2. 
Bar graphs depicting group means for reading rate, number of forward saccades, number of 

regressive saccades, and fixation duration for children with strabismic (or combined 

mechanism) amblyopia (diamond gray bars) and anisometropic amblyopia (dotted white 

bars). There were no group differences for any reading measure. Error bars represent SEM.
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ith
er

 th
e 

pr
ev

io
us

ly
 a

m
bl

yo
pi

c 
ey

e 
or

 th
e 

ri
gh

t e
ye

 (
if

 th
e 

ch
ild

 w
as

 n
ev

er
 a

m
bl

yo
pi

c)
 is

 li
st

ed
 f

or
 n

on
pr

ef
er

re
d 

ey
e 

vi
su

al
 a

cu
ity

. F
or

 n
or

m
al

 c
on

tr
ol

 c
hi

ld
re

n,
 

th
e 

ri
gh

t e
ye

 is
 li

st
ed

 f
or

 n
on

pr
ef

er
re

d 
ey

e 
vi

su
al

 a
cu

ity
.

b In
 c

hi
ld

re
n 

tr
ea

te
d 

st
ra

bi
sm

us
 w

ith
ou

t a
m

bl
yo

pi
a,

 n
o 

di
ff

er
en

ce
s 

w
er

e 
fo

un
d 

on
 a

ny
 r

ea
di

ng
 m

ea
su

re
 b

et
w

ee
n 

ch
ild

re
n 

w
ho

 w
er

e 
ne

ve
r 

am
bl

yo
pi

c 
(n

 =
 8

) 
an

d 
ch

ild
re

n 
w

ho
 w

er
e 

pr
ev

io
us

ly
 tr

ea
te

d 
fo

r 
am

bl
yo

pi
a 

(n
 =

 1
5)

; P
 v

al
ue

s 
ra

ng
ed

 f
ro

m
 0

.5
4 

to
 0

.8
4)

.
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