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Abstract
Objective To assess the effect of provision of free glasses on academic
performance in rural Chinese children with myopia.

Design Cluster randomized, investigator masked, controlled trial.

Setting 252 primary schools in two prefectures in western China,
2012-13.

Participants 3177 of 19 934 children in fourth and fifth grades (mean
age 10.5 years) with visual acuity <6/12 in either eye without glasses
correctable to >6/12 with glasses. 3052 (96.0%) completed the study.

InterventionsChildren were randomized by school (84 schools per arm)
to one of three interventions at the beginning of the school year:
prescription for glasses only (control group), vouchers for free glasses
at a local facility, or free glasses provided in class.

Main outcome measures Spectacle wear at endline examination and
end of year score on a specially designed mathematics test, adjusted
for baseline score and expressed in standard deviations.

Results Among 3177 eligible children, 1036 (32.6%) were randomized
to control, 988 (31.1%) to vouchers, and 1153 (36.3%) to free glasses
in class. All eligible children would benefit from glasses, but only 15%
wore them at baseline. At closeout glasses wear was 41% (observed)
and 68% (self reported) in the free glasses group, and 26% (observed)
and 37% (self reported) in the controls. Effect on test score was 0.11

SD (95% confidence interval 0.01 to 0.21) when the free glasses group
was compared with the control group. The adjusted effect of providing
free glasses (0.10, 0.002 to 0.19) was greater than parental education
(0.03, −0.04 to 0.09) or family wealth (0.01, −0.06 to 0.08). This difference
between groups was significant, but was smaller than the prespecified
0.20 SD difference that the study was powered to detect.

Conclusions The provision of free glasses to Chinese children with
myopia improves children’s performance on mathematics testing to a
statistically significant degree, despite imperfect compliance, although
the observed difference between groups was smaller than the study was
originally designed to detect. Myopia is common and rarely corrected in
this setting.

Trial Registration Current Controlled Trials ISRCTN03252665.

Introduction
Poor vision is the most common impairment affecting school
aged children in the developing world, comprising 48% of all
disability among children aged 5 to 9 years in the India census
of 2001.1 The leading and most easily remedied cause of visual
impairment (visual acuity <6/18) among children is refractive
error, affecting 12.8 million children aged between 5 and 15
years, half of whom live in China.2 Spectacles provide a safe
and inexpensive treatment. Several studies report that children
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reported wear of glasses (n=123), and observed wear of glasses
(n=123). We used linear regression for continuous variables,
logistic regression for binary variables, and ordinal logistic
regression for ordinal variables. For each variable we used
different models, selecting the independent variables based on
predictive value and availability of data. Themultiple imputation
approach created 20 copies of the data in which missing values
were imputed by chained equations.26 Final results were obtained
by averaging these 20 datasets using Rubin’s rules, which
ensured that the standard errors for all regression coefficients
took into account uncertainty in the imputations as well as
uncertainty in the estimation.26

Results
Among 19 934 children screened at 252 selected schools, 4839
(24.3%) failed visual acuity screening and were randomized
(figure⇓). A total of 3177 (65.4%) children in 251 schools were
eligible for allocation (visual acuity improving with refraction);
one school was excluded because there were no children at that
school that met the inclusion criteria. The voucher group had
lower baseline math scores than the control and free glasses
groups. Tables 1⇓ and 2⇓ show the distribution of various factors
between groups at baseline. The supplementary figure shows
the distribution of refractive power among children allocated
in the trial.
In the 251 schools, intention to treat analyses were performed
on all 1036 children in the control group, 988 in the voucher
group, and 1153 in the free glasses group. Among 123 missing
children, 26 (21%) were at home the day of follow-up, 90 (73%)
had transferred to other schools, and 7 (6%) had withdrawn
from school. Children with follow-up did not differ in any
baseline variables from those without follow-up (data not
shown).
All eligible children would benefit from glasses, but only 15%
wore them at baseline. At closeout the wear of glasses was 41%
(observed) and 68% (self reported) in the free glasses group and
26% (observed) and 37% (self reported) among controls.
Table 3⇓ gives the baseline, endline, and change in the
mathematics score by study group. Intention to treat analyses
showed a significant difference in endline score adjusted for
baseline score of 0.11 SD (95% confidence interval 0.01 to 0.21,
P=0.03) for the free glasses group and 0.04 (−0.05 to 0.14,
P=0.35) for the voucher group compared with controls. The
unadjusted intraclass correlation coefficient for endline math
score was 0.12; adjusted for baseline scores it was 0.07.
In intention to treat models adjusting for baseline math score,
allocation to the free glasses group, younger age, residence in
Shaanxi, and parental education were significantly associated
with higher endline math score. Allocation to the voucher group,
sex, refractive error, family wealth, boarding at school, and
parental migration for work were unassociated with endline
score (table 4⇓). In the full multiple model, baseline score,
allocation to the free glasses group (0.10 SD, 95% confidence
interval 0.002 to 0.19, P=0.04), younger age, and residence in
Shaanxi remained associated with endline score (table 4). This
difference between groups in testing was statistically significant
but smaller than the 0.20 SD prespecified difference that the
study was powered to detect.
In a post hoc exploratory analysis stratifying by classroom black
board use, effect size was larger for children in classrooms
where blackboards were utilized more regularly: among 156
(4.9%) children in classrooms where the blackboard was used
for all teaching, the free glasses group scored 0.45 SD (0.11 to
0.80, P=0.01) higher than controls, among 982 (31.0%) children

using the blackboard for most or all teaching, the free glasses
group scored 0.23 SD (0.04 to 0.42, P=0.02) higher than
controls, among 2181 (68.8%) children using the blackboard
half or more of the time the difference was 0.14 SD (0.03 to
0.26, P=0.01), and among 988 (31.2%) children receiving little
or no blackboard teaching, the difference was −0.01 (−0.17 to
0.14, P=0.87).
Table 5⇓ shows baseline and endline observed and self reported
glasses wear among children in the trial. The provision of both
free glasses and vouchers increased the wearing of glasses
compared with controls, as measured by both observed and self
reported wear. The educational intervention increased self
reported but not observed wear (table 5). No interaction was
found between the glasses and education interventions on either
outcome. Results of analyses using multiple imputation were
very similar to results of analyses using only participants with
complete data (data not shown).

Discussion
In this trial, a statistically significant impact on math test scores
was found by intention to treat analysis among Chinese children
randomized to receive free glasses, although this difference
between groups was smaller than the prespecified difference
that the study was powered to detect. This effect size was also
smaller than the difference between the voucher and free glasses
groups at baseline (0.14 SD). The observed effect size of 0.11
SD is the equivalent of approximately half a semester of
additional learning, based on a previous report27 that average
annual gains for students between the fourth and fifth grades
was 0.4 SD. Allocation to the free glasses group had a greater
effect on math test scores than either parental education or
family wealth and was similar to the effect of residence in
middle income Shaanxi compared with much lower income
Gansu. The fact that effect size increased with increasing
classroom blackboard use (a post hoc analysis) adds biological
plausibility, as reliance on blackboards created greater demands
on distance vision for myopic children.
The voucher intervention was explored because vouchers are
logistically easier to implement than school based distribution
of glasses. We speculate that the non-significant effect on test
scores in the voucher group was due to the combined influence
of slightly lower rates of glasses wear in the voucher compared
with free glasses group, and slightly shorter opportunity for
glasses wear to affect learning in the voucher group owing to
the logistics of securing spectacles (although 85% of families
did redeem their vouchers in the first three weeks after receiving
them).
We observed a statistically significant impact of providing
glasses on academic performance even though compliance with
wear was imperfect. New approaches to encourage the use of
glasses may increase academic benefits of providing glasses.
In a separate trial we are studying teacher incentives to promote
the use of glasses in the classroom.

Strengths and limitations of this study
Strengths of this study include population based sampling, a
randomized controlled design, and high participation and
follow-up rates, all of which increase confidence in the findings.
However, all schools were in rural northwest China, which
limits external validity with reference to other populations.
Other weaknesses include that is was not practical to mask the
participants. Compliance with glasses was imperfect, and we
did not assess the day to day use of glasses, making it difficult
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to accurately gauge effect size among children with the most
regular wear.
Two of our inclusion criteria, enrolling children already wearing
glasses (n=463, 15.0%) and those with poor vision in only one
eye (n=402, 12.7%), might have decreased the effect size. We
included (and re-refracted) children who already wore glasses
in view of reports of the poor quality of glasses in rural China.28
Excluding these groups did not change our results (data not
shown).

Comparison with other studies
We searched the PubMed database in January 2014 for articles
in any language published since 1970, using the terms
“correction” cross indexedwith “refractive error” and “myopia”;
“school,” “educational,” and “academic”; and “impact,”
“outcomes,” and “performance.” Some uncontrolled studies
have reported lower achievement scores among children with
uncorrected, mostly hyperopic, refractive error,3-6 though a
Singapore study of predominantly myopic children found no
association between distance visual acuity and later academic
performance.29We found no randomized trials dealing with the
impact of correcting refractive error on school performance,
nor did a recent systematic review.16

A recent unpublished review (Improving learning in primary
schools of developing countries: a meta-analysis of randomized
experiments http://academics.wellesley.edu/Economics/mcewan/
PDF/meta.pdf, accessed 17 January 2014) of randomized trials
with educational outcomes in primary schools in the developing
world listed 60 health related trials, including 22 of deworming,
with a mean effect size of 0.013 SD, and 38 of nutritional or
micronutrient supplementation, with a mean effect size of 0.035
SD. It would seem that the effect size on education outcomes
with the provision of glasses in this study compares favorably
with that of other health related interventions.

Conclusions and policy implications
Myopia is common among rural Chinese children and increases
with age.14 Even in these relatively young children, 1 in 6
(15.9%) had poor vision due to refractive error. Only 15% of
these children who needed glasses had them, and the number
using glasses could be nearly doubled by providing them free
compared with giving a prescription (table 4). Data from our
baseline survey showed that among children who owned glasses
the median price paid was approximately $60. This represents
nearly half the monthly income for rural families in China, $130
in 2012.30While cost is a major barrier for families in obtaining
glasses, high quality spectacles can be purchased in bulk for
less than $5, which wouldmake them affordable for government
programs. In fact, as a result of this project, pilot programs have
now started in Shaanxi and Gansu Provinces to provide free
glasses to children, with the possibility of expansion if
successful.
China’s rural health insurance system (the New Cooperative
Medical Scheme) covered 96% of rural dwellers by 2011,31 and
has begun experimenting in limited areas with providing free
glasses. Results of our trial suggest this inexpensive intervention
can increase academic outcomes to a statistically significant
extent. The amount of the effect on testing outcomes was less
than the prespecified size our study was designed to detect, but
is greater in classrooms where blackboards are used extensively.
As an important reason for non-wear of glasses in China is the
widespread perception that wearing glasses can harm children’s
vision,13 32 we will present data in a separate paper on the effect

of providing glasses on one year change in uncorrected visual
acuity.
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What is already known on this topic

Studies have shown that reading can be improved in children after refractive correction of hyperopia but the impact of myopia (near
sightedness) on classroom learning is not well understood
Higher scholastic achievement may increase the risk of myopia, so the direction of cause and effect between myopia and school
attainment is not clear
No randomized trials have assessed the impact of myopia on academic achievement or determined the direction of any cause and effect

What this study adds

By intention to treat analysis, children randomized to receive glasses over a school year had statistically significantly higher scores on
a mathematics test than control children, though the observed disparity was smaller than the prespecified difference that the study was
powered to detect
These effects were seen despite the fact that many children randomized to receive glasses did not wear them, and spectacle wear
increased even among control children as a result of our study activities
Effect size increased with increasing blackboard use during teaching. This is biologically plausible owing to greater demands on distance
vision in myopic children, and of practical importance in areas such as rural China where blackboards are widely used because of lack
of money for textbooks
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Tables

Table 1| Baseline characteristics of 3177 children with correctable refractive error by group assignment. Values are numbers (percentages)
unless stated otherwise

Free glasses group (n=1153)Voucher group (n=988)Control group (n=1036)Characteristics

Individual level

10.5 (1.1)10.5 (1.1)10.5 (1.1)Mean (SD) age (years)

563 (48.8)474 (48.0)517 (49.9)Male sex

181 (15.7)138 (14.0)144 (13.9)Wearing glasses at baseline*

405 (35.1)356 (36.0)397 (38.3)Gansu residence

Mean (SD) refractive error (diopters):

431 (37.4)374 (37.9)410 (39.6)≤−2

665 (57.7)548 (55.5)561 (54.2)≥−2 to −0.5

10 (0.9)17 (1.7)18 (1.7)≤−0.5 to 0.5

47 (4.1)49 (5.0)47 (4.5)≥0.5

686 (59.5)525 (53.1)602 (58.1)Mean (SD) uncorrected visual acuity <6/18 in eye with better vision

0.28 (0.98)0.14 (0.98)0.23 (1.01)Mean (SD) baseline standardized mathematics score

262 (22.8)175 (17.8)211 (20.4)One or both parents with ≥12 years of education†

Family wealth‡:

368 (31.9)351 (35.6)333 (32.2)Bottom third

355 (30.8)328 (33.2)373 (36.1)Middle third

430 (37.3)308 (31.2)328 (31.7)Top third

286 (24.8)183 (18.5)235 (22.7)Boarding at school

109 (9.5)103 (10.4)115 (11.1)Both parents out-migrated for work§

Blackboard use in class:

456 (39.6)260 (26.3)277 (26.7)Little or none

362 (31.4)398 (40.3)439 (42.4)Half of time

335 (29.1)330 (33.4)320 (30.9)Most or all of time

Cluster level

Grade level (mean No/cluster (SD)):

5.5 (4.8)4.6 (3.7)5.0 (3.4)Fourth grade

8.3 (5.3)7.3 (4.8)7.3 (4.5)Fifth grade

8.2 (6.1)6.3 (5.0)7.2 (4.7)Uncorrected visual acuity <6/18, in eye with better vision (mean No/cluster
(SD))

*Defined as having glasses at school at baseline, having previously been told to bring them to school.
†Data missing for seven students.
‡Data missing for three students.
§Data missing for eight students.
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Table 2| Baseline characteristics of children with correctable refractive error allocated in trial, by group assignment with regard to the
educational intervention. Values are numbers (percentages) unless stated otherwise

No education (n=1529)Education on importance of glasses (n=1648)Characteristics

Individual level

10.5 (1.1)10.5 (1.1)Mean (SD) age (years)

760 (49.7)794 (48.2)Male sex

534 (34.9)624 (37.9)Gansu residence

242 (15.8)221 (13.4)Wearing glasses at baseline*

731 (47.8)744 (45.1)Aware of having refractive error at baseline

591 (38.7)686 (41.6)Believes wearing glasses harms vision

Refractive error (diopters):

585 (38.3)630 (38.2)≤−2

859 (56.2)915 (55.5)≥−2 to −0.5

18 (1.2)27 (1.6)≥−0.5 to 0.5

67 (4.4)76 (4.6)≥0.5

877 (57.4)936 (56.8)Uncorrected visual acuity <6/18, in eye with better vision

311 (20.4)338 (20.6)One or both parents with ≥12 years of education†

Family wealth‡:

497 (32.5)555 (33.7)Bottom third

496 (32.5)560 (34.0)Middle third

534 (35.0)532 (32.3)Top third

325 (21.3)379 (23.0)Boarding at school

155 (10.1)172 (10.5)Both parents out-migrated for work§

Cluster level

Grade level (mean No/cluster (SD)):

4.8 (3.9)5.3 (4.1)Fourth grade

7.5 (4.9)7.8 (4.9)Fifth grade

7.0 (5.2)7.4 (5.5)Uncorrected visual acuity <6/18, in eye with better vision (mean No/cluster
(SD))

*Defined as having glasses at school at baseline, having previously been told to bring them to school.
†Data missing for seven students.
‡Data missing for three students.
§Data missing for eight students.
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Table 3| Effect of treatment arms on endline standardized mathematics score, controlling for baseline score

Adjusted* difference (95% CI) in endline score v
control groupUnadjusted change in score (95% CI)

Mean (SD) score

NoIntervention groups EndlineBaseline

0.13 (0.08 to 0.17)0.34 (0.99)0.22 (0.99)3177Total

(reference)0.07 (−0.0002 to 0.14)0.29 (1.00)0.23 (1.01)1036Control

0.04 (−0.05 to 0.14)0.15 (0.08 to 0.21)0.29 (0.98)0.14 (0.98)988Voucher

0.11 (0.01 to 0.21)0.16 (0.07 to 0.24)0.43 (0.97)0.28 (0.98)1153Free glasses

(reference)0.16 (0.10 to 0.22)0.31 (1.01)0.15 (1.00)1529No education

−0.01 (−0.09 to 0.07)0.10 (0.04 to 0.16)0.37 (0.96)0.27 (0.97)1648Education

(reference)0.06 (−0.04 to 0.16)0.27 (1.05)0.21 (1.04)510Control: no education

0.03 (−0.12 to 0.17)0.08 (−0.02 to 0.17)0.32 (0.95)0.24 (0.98)526Control: education

0.10 (−0.03 to 0.23)0.21 (0.12 to 0.30)0.29 (0.97)0.08 (0.97)492Voucher: no education

0.02 (−0.12 to 0.16)0.09 (−0.01 to 0.19)0.28 (1.00)0.19 (0.98)496Voucher: education

0.12 (−0.03 to 0.27)0.19 (0.07 to 0.32)0.37 (1.00)0.17 (0.99)527Free glasses: no education

0.13 (−0.01 to 0.27)0.12 (0.01 to 0.24)0.49 (0.94)0.37 (0.95)626Free glasses: education

Linear regression using endline math score as dependent variable.
*Adjusted for baseline score.
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Table 4| Linear regression model of potential predictors of endline math score

Full model† (n=3169)Model adjusted for baseline math score (n=3177)

Characteristics P value
Regression coefficient (95%

CI)P valueRegression coefficient* (95% CI)

<0.0010.56 (0.53 to 0.59)<0.0010.59 (0.57 to 0.62)Baseline standardized mathematics
score (SD)

Intervention group (control group as
reference)

0.420.04 (−0.05 to 0.13)0.350.04 (−0.05 to 0.14)Voucher

0.040.10 (0.002 to 0.19)0.030.11 (0.01 to 0.21)Free glasses

<0.001−0.14 (−0.17 to −0.11)<0.001−0.14 (−0.17 to −0.11)Age (years)

——0.58−0.02 (−0.07 to 0.04)Male sex

——0.250.05 (−0.03 to 0.12)Wearing glasses at baseline

0.003−0.13 (−0.22 to −0.04)<0.001−0.17 (−0.25 to −0.08)Gansu residence

Refractive error (≥−0.5 D to 0.5 D as
reference):

——0.370.14 (−0.16 to 0.43)≤−2 D

——0.540.10 (−0.21 to 0.40)−2 D to −0.5 D

——0.450.12 (−0.19 to 0.43)≥0.5 D

0.400.03 (−0.04 to 0.09)0.030.07 (0.008 to 0.13)One or both parents with ≥12 years
of education‡

Family wealth (poorest third as
reference)§:

0.380.03 (−0.04 to 0.10)0.110.06 (−0.01 to 0.13)Middle third

0.830.01 (−0.06 to 0.08)0.050.07 (0.001 to 0.14)Top third

0.490.03 (−0.05 to 0.11)0.200.05 (−0.03 to 0.14)Boarding at school

——0.680.02 (−0.07 to 0.11)Both parents out-migrated for work¶

D=diopter.
*Except for regression coefficient for baseline math score (simple regression), coefficients for different variables are for multiple models with endline math score
as dependent variable, adjusted for baseline math score.
†Including variables associated with endline math score P<0.20 in model also including baseline math score.
‡Data missing for seven students.
§Data missing for three students.
¶Data missing for eight students.
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Table 5| Effect of treatment arms on directly observed (primary outcome) and self reported (secondary outcome) glasses use at endline.
Values are numbers (percentages) unless stated otherwise

Self reported wear‡Observation of wear†

Wearing
glasses at
baseline*No

Intervention
groups

Relative risk
(95% CI), full
model**

Relative risk
(95% CI)§Wearing

Relative risk
(95% CI), full

model¶
Relative risk
(95% CI)§Wearing

1803 (57)1096 (34)463 (15)3177Total

1 (reference)1 (reference)386 (37)1 (reference)1 (reference)266 (26)144 (14)1036Control

1.72 (1.51 to 1.96)1.70 (1.49 to
1.94)

627 (63)1.44 (1.19 to 1.76)1.42 (1.16 to
1.73)

361 (37)138 (14)988Voucher

1.81 (1.61 to 2.04)1.81 (1.60 to
2.05)

790 (68)1.55 (1.30 to 1.85)1.54 (1.28 to
1.85)

469 (41)181 (16)1153Free glasses

1 (reference)1 (reference)818 (53)1 (reference)1 (reference)508 (33)242 (16)1529No education

1.13 (1.02 to 1.25)1.14 (1.03 to
1.26)

986 (60)1.11 (0.94 to 1.30)1.11 (0.95 to
1.31)

588 (36)221 (13)1648Education

1 (reference)1 (reference)178 (35)1 (reference)1 (reference)129 (25)85 (17)510Control: no
education

1.17 (0.94 to 1.46)1.18 (0.94 to
1.49)

209 (40)1.08 (0.82 to 1.42)1.11 (0.84 to
1.47)

137 (26)59 (11)526Control:
education

1.78 (1.48 to 2.14)1.77 (1.47 to
2.14)

301 (61)1.51 (1.16 to 1.96)1.51 (1.17 to
1.95)

185 (38)76 (15)492Voucher: no
education

1.95 (1.62 to 2.36)1.94 (1.60 to
2.36)

326 (66)1.50 (1.10 to 2.03)1.48 (1.08 to
2.03)

176 (35)62 (13)496Voucher:
education

1.86 (1.56 to 2.21)1.86 (1.55 to
2.23)

339 (64)1.46(1.13 to 1.89)1.48 (1.13 to
1.92)

194 (37)81 (15)527Free glasses: no
education

2.06 (1.73 to 2.44)2.08 (1.74 to
2.48)

451 (72)1.74 (1.35 to 2.23)1.75 (1.35 to
2.27)

275 (44)100 (16)626Free glasses:
education

*Defined as having glasses to hand at baseline, having previously been told to bring them to school.
†Defined as wearing glasses during an unannounced examination.
‡Defined as self report of “wearing glasses for study” or “always wearing glasses.”
§Adjusted for baseline wear.
¶Including variables associated with observed wear (P<0.20) in model including baseline wear (data not shown): age (years), aware of having refractive error at
baseline, refractive error, visual acuity <6/18 (eye with better vision).
**Including variables associated with self reported wear (P<0.20) in model including baseline wear (data not shown): aware of having refractive error at baseline,
refractive error, visual acuity <6/18 (eye with better vision), baseline standardized math score.
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Figure

Enrolment and progress of children through study
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