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Better education in sight. An estimate of global learning and economic
productivity losses from uncorrected refractive error in schools

Parami Dhakhwa, Seva Foundation
Bryce Everett, Mettalytics
Brad Wong, Seva Foundation

Abstract

Every school day, millions of children around the world go to class with uncorrected refractive error. Children
with myopia, astigmatism or hyperopia, who do not have glasses are unable to see blackboards and books,
learning much less than their peers. Using a systematic review and meta-analysis of randomized-controlled
trials, we estimate that a child with poor vision learns approximately half as much as a child with good or
corrected vision. This implies a substantial gain from correcting vision - for example, if a five-year-old is
provided with glasses in primary school and continues to wear them until they are 18, they will earn 78% more
lifetime income than if they never had their vision corrected. We then estimate the total “equivalent years of
schooling” and future global productivity loss associated with uncorrected refractive error for those aged 5-17
enrolled in school. Our estimates suggest that

one year of sub-optimal learning due to poor vision generates
6.3 million equivalent years of schooling loss globally (95% CI: 2.7 to 9.7 million)

and a future economic productivity loss of $173 billion (purchasing power parity, PPP in 2022 international
dollars) with a 95% confidence interval of $83 billion to $246 billion (PPP) in present value terms.

While the economic loss is split roughly 50:50 between high income and low-and-middle-income countries
(LMICs), 83% of the total equivalent years of schooling loss is concentrated in LMICs.

1. Introduction

According to the Global Burden of Disease, 17.8 million children aged 5-17 live with uncorrected refractive
error." Intuitively, one would expect that children with myopia, hyperopia or astigmatism would have more
difficulties learning than their peers with good vision. As illustrated in Figure 1, a child with myopia will have
trouble seeing the blackboard. Children with hyperopia will have difficulties focusing on nearby objects such as
books, and children with astigmatism may have difficulties focusing on near and far objects. In all cases there
will likely be detrimental consequences for their understanding of the curriculum and their ability to learn.

And yet, while it makes intuitive sense that a child with poor vision will learn less, to the best of our knowledge
there is no systematic estimate of the expected learning losses associated with poor vision. Moreover, there is
no published estimate of the future economic impacts that would result from this learning loss. The aim of this
report is to fill this evidence gap.

Figure 1: Comparison of clear vision (left) and blurry vision (right) associated with myopia of -2 dioptres
(Source: CooperVision, https://coopervision.com/myopia-simulator).
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Utilizing a previous systematic review of learning impacts,? we conduct a meta-analysis of randomized-
controlled-trials that estimate the learning impacts from the provision of glasses. We use the results from the
meta-analysis to estimate the equivalent years of schooling (EYOS) loss associated with uncorrected refractive
error, for each age cohort (5-17 years old) and for every country. This provides us with an estimate of the

total years of schooling loss from refractive error. To estimate the foregone income resulting from a failure

to provide glasses in schools, we apply the years of schooling loss to country-specific returns to education
along with other assumptions about school enrolment rates, discount rates and future income. Our approach
implies a substantial gain from correcting vision - if a five-year-old is provided with glasses in primary school
and continues to wear them until they leave school at age 18, they will earn 78% more lifetime income on
average than if they never had their vision corrected. With all forms of visual impairment expected to increase
in prevalence over the coming decades,? the loss will likely increase in the future if no further action is taken to
address uncorrected refractive error in schools.

2. Methods

2.1. Meta-analysis and individual years of schooling loss from uncorrected refractive error

The starting point of the meta-analysis are the results of a previously published systematic review.2 That review
examined the non-health impacts of providing glasses or cataract surgery including learning gains in schools.
From the review we focus only on randomized-controlled trials, typically the most rigorous source of evidence.
To avoid over-representation of study populations, we remove studies where the same research subjects are
already included in a different study.

Our outcome of interest is the reported intent-to-treat (ITT) effect size (plus confidence intervals), measured
in standard deviation improvement in test scores of the treatment group, relative to the control group. The
summary measure of impacts is based on a random-effects model.

We interpreted the intent-to-treat estimates considering the reported eyeglasses compliance of each study

to generate an ‘average-treatment effect on the treated’ (ATT) measure. The ATT measure is the estimated
learning gain from actually wearing glasses rather than being merely offered them. This is a more appropriate
metric for use in global costing studies, such as the current one, that seek to measure the total loss associated
with a sub-optimal state of the world (in this case, uncorrected refractive error in school children - See Box 1 for
further details). The steps for converting the ITT effect to an ATT effect is outlined below.

1. Estimate ATT effect for compliers. This is given by:

ATT = ITT / compliance rate (Eq. 1)

compliers

where ITT is the effect from the meta-analysis, the compliance rate is the percentage of individuals in the
treatment group who complied with treatment across all studies. This equation assumes that non-compliers
experience zero impact relative to the control group.

2. Estimate the ATT effect for non-compliers if they had complied. This is given by:

ATT = ATT * [RE

non—compliers compliers

/RE ] (Eq. 2)

non—compliers compliers
where RE is the average refractive error, measured in dioptres for compliers or non-compliers and ATTcompIiers
is given by equation 1. This step accounts for the fact that non-compliers have lower refractive error than
compliers.* Therefore, if non-compliers would have complied with treatment, they would likely experience lower
benefits than the compliers. The equation assumes that the ratio of ATT effect between compliers and non-
compliers is proportional to the ratio of refractive error strength between the two groups. For this analysis,

we use the ratio of refractive error strength reported by Du and colleagues,* which is that compliers have a
refractive error power of -1.66 while non-compliers have a refractive error power of -1.40.

'Since the meta-analysis only focused on low-and-middle-income countries, we augmented the pool of available studies by
conducting a literature search for randomized-controlled trials conducted in high-income settings, including a forward and
backward citation search. We identified two studies that were relevant. However, the structure of the RCTs and unavailability
of relevant data such as compliance rates meant we could not include them in the EYOS calculation. Further details on these
two studies are included in the appendix C.
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3. Estimate the average ATT effect. This is given by:
ATT = %share * ATT + %share * ATT

compliers compliers non—compliers non—compliers
(Eq. 3)

The third equation generates an average ATT effect as the weighted (by share of individuals complying or not
complying) ATT effect of compliers and non-compliers from equations 1 and 2.

4. Estimate the equivalent years of schooling loss per child with refractive error.

Individual EYOS loss = ATT / BAU learning gain (Eq.4)

where ATT is given from equation 3, and the ‘BAU learning gain' is what a typical child, without refractive error
learns in a year measured in standard deviation of test score improvements. The individual EYOS is a number
that can be interpreted as the equivalent years of schooling that are lost because the child did not wear glasses
for that year.

Box 1: Interpreting effect sizes from randomized controlled trials

Typically, the headline result of a trial is reported as the ‘intent-to-treat’ estimate. This is the effect of
the metric of interest for those assigned to the treatment group, relative to those assigned to the control
group. Importantly, there is no requirement that the individuals in the treatment group experience

the intervention being tested in the trial. Therefore, the intent-to-treat estimate embeds ‘real-world’
implementation idiosyncrasies that typically lower the overall impact of the intervention, such as non-
compliance with treatment.

In the case of the current study, this means that all children included in glasses treatment groups are
analyzed together even if a proportion do not wear the glasses. This implies that reported effect sizes
are a weighted average of those who wore glasses, presumably with some positive effect, and those
that did not, presumably with a null or zero effect, relative to the control group. The intent-to-treat
estimate is a useful measure for estimating the potential impacts if the intervention were to be scaled in
a similar context and for related analyses such as economic evaluations since it incorporates real-world
inefficiencies like non-compliance.

Randomized controlled trials often report ‘average treatment effects on the treated’ also known as the
‘per-protocol effect’. This is the impact associated with those who actually experienced the intervention
under investigation. For the purposes of this study, which aims to estimate the learning and economic

losses with having uncorrected refractive error in school, this is a more appropriate measure to adopt,

as itis not ‘diluted’ by those who did not wear glasses despite being assigned to treatment.

2.2 Estimate of equivalent years of schooling loss

We estimate the equivalent years of schooling loss by the following equation across 168 countries for which we

have data:
Global EYOS loss =
168[ 11 17
i * * . X "
j§1 aES(Indm. EYOS loss n, kj’pn_) + az:lz(lndw. EYOS loss n, kj.sec)
(Eq. 5)

In the above, Individual EYOS is the equivalent year of schooling loss per child stemming from uncorrected
refractive error (estimated in the equation 4), n is the number of children with refractive error for each age
cohort, a, from 5to 17 in country j, (linearly interpolated from Global Burden of Disease, 2021 country-specific
5-year age cohorts);' k is the net enrolment rate for primary or secondary school in each country, drawn from
World Bank Development Indicators.®> This reflects the fact that only children in school will experience a learning
loss from refractive error. Learning loss is proportional to enrollment, meaning regions with lower enroliment
will experience smaller losses from uncorrected refractive error. We provide further disaggregation of the total
annual global loss by World Bank income classification, World Bank region and age groups.
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2.3. Estimate of future income loss
For each age cohort and each country, we estimate the per child income loss according to the following equation:

Loss = Expected income with good vision - Expected income with uncorrected refractive error
(Eq. 6)

For each age-country cohort, we assume that the expected income with good vision is proxied by the time
series of future GDP per capita of the country, multiplied by a constant labor force participation rate.> We
assume each child enters the labor force at age 18 and works until age 64, such that for example, 17 year olds
will start working one year from now while five-year olds will start working 13 years from now. The use of GDP
per capita * labor force participation rate as a proxy for average income follows a recent study that estimated
the employment losses associated with moderate and severe visual impairment as well as blindness.®

The time series of future GDP per capita is estimated by taking the most recent GDP per capita estimate

for each country® and applying the time series of projected real GDP per capita growth rates from the
International Institute of Applied Systems Analysis, using Shared Socioeconomic Pathways ‘the middle-of-the-
road’ scenario.” Country specific discount rates are estimated by multiplying the short term (five-year) average
of GDP per capita growth rate x 1.4 and adding 1 percent.® Country specific discount rates are used to estimate
the present value of the time series of income.

Income with uncorrected refractive error is estimated as a percentage reduction in the reference income that
draws upon the findings of the meta-analysis. Specifically:

Expected income with good vision
(1+Individual EYOS loss * r)t

Expected income with uncorrected refractive error =

(Eq.7)

Where Individual EYOS loss is given by equation 4 and r is the country specific returns to one year of schooling,
and where country specific estimates were not available we assumed a return of 10%.° For example, if
uncorrected refractive error causes learning loss equivalent to half a year of normal schooling, and each year of
schooling delivers a 10% boost to future income, then the % income loss is 0.5 * 10% = 5%. The superscript tis
the number of years in school with refractive error which for a five-year old is 13, and for a 17-year-old is 1.

The economic loss per child is given by the difference between the expected income with uncorrected refractive
error less the expected income with good vision. Generally, (7 + Individual EYOS loss * r) at provides the
expected loss of income in percentage terms for a child who experiences sub-optimal learning for t years.

Lastly, we sum up the entire losses for all children in 168 countries for which we have data, with each individual

country denoted by the subscriptj. Specifically:
Annual global loss =

168f 11 (.'ndiv. economic loss*nj_ a*kj pn,) 17 (Indiv. economic lass*nj u*k}, sec)
Z 2 t + Z t (Eq' 8)
j=1|a=5 a a=12 @

As discussed in Section 2.2, n is the number of children with refractive error for cohort a, in country j, with data
drawn from the Global Burden of Disease, 2021;" k is the net enrolment rate for primary or secondary in each
country, drawn from World Bank Development Indicators.® The division of each term in the summation operator
by the number of relevant years of benefit for cohort g, t,, converts the cumulative loss incurred over multiple
years of refractive error to an (approximate) equivalent annual loss. We provide further disaggregation of the
total annual global loss by World Bank income classification, World Bank region and age groups.

3. Results

3.1 Meta-analysis

The systematic review by Wong and colleagues? identified multiple randomized controlled trials that estimated
the impacts of providing glasses on learning outcomes. Of these, four were included in the meta-analysis
corresponding to five different effect sizes.’'3 Two randomized-control trials were excluded because they
appear to report impacts on a similar or the same study population as the included papers.’®'> Lastly, one study
was excluded'® due to the large reported effect size, 9.5x the median effect size in global education RCTs."”

A summary of included studies is presented in Table 1.
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Table 1: Summary of papers included in the meta-analysis of glasses provision on learning.

Intent-to-Treat

N . " Acceptance
Description of Intervention Effect Size P .
. ; Type of Test or compliance
and Study Setting (s.d. improvement .
. with glasses*
in test scores)
Glewwe Delivery of free eyeglasses at school following eye 0.16 Chinese, 70%
et al (2015) | examination to students at rural primary schools in mathematics,
grades 4-6 in two counties of Gansu province, China, science
2004
Ma et al Delivery of free eyeglasses at school following eye 0.11 Mathematics | 41%
(2014) examination to students at rural primary schools in

grades 4-5 in Tianshui prefecture, Gansu province and
Yulin prefecture, Shaanxi province, China, 2012

Ma et al Provision of vouchers for eyeglasses collectable from 0.04 Mathematics | 37%
(2014) vision center to students at rural primary schools in
grades 4-5 in Tianshui prefecture, Gansu province and
Yulin prefecture, Shaanxi province, China, 2012

Ma et al Teacher screening + referral to nearby vision center 0.25 Mathematics | 75%
(2018) for students at rural primary schools in grades 4-6 in
Yongshou county, Gansu province, China; 2014

Nie et al Vision screening + provision of free glasses to grade 0.14 Mathematics | 72%
(2020) 7-8 junior high school students in Shaanxi province,
China; 2014

* Glewwe et al. (2016) reports acceptance of glasses by parents, Ma et al. (2014) represents observed compliance at end line,
Ma et al. (2018) and Nie et al. (2020) report self-assessed compliance.

All studies are from just one country: China, and no experiments were conducted later than 2014. The effect
sizes, measured as standard deviation improvement in test scores, range from 0.04 to 0.25, with all except one
representing mathematics test score improvements. We include a measure of acceptance or compliance with
glasses to contextualize the effect sizes. Of note, the lowest intent-to-treat effect sizes are associated with the
lowest rates of compliance, particularly in the 2014 study by Ma and colleagues.

A forest plot of the meta-analysis is presented in Figure 2 and shows that the summary measure of learning
impact from glasses across 8,593 subjects is 0.106 (95% CI: 0.047, 0.166).

Figure 2: Forest Plot of RCTs estimating learning impacts of eyeglasses in LMICs

Intent-to-Treat Impacts of Glasses Provision on Learning (s.d. of test score improvements)
Study Treatment (n) Control (n) Weight (%) Effect [95% CI]
Ma et al. (2014) 1153 1036 —— 3113 0.11 [0.01, 0.21]
Ma et al. (2014) 988 1036 —.— 34.08 0.04 [-0.05, 0.14]
Glewwe et al. (2016) 1528 1001 —a— 14.74 0.16 [0.01, 0.31]
Ma et al. (2018) 433 516 —_—l— 6.2 0.25 [0.01, 0.48]
Nie et al. (2020) 476 434 —— 13.85 0.14 [-0.01, 0.3]
Total 4578 4023 —— 0.106 [0.047, 0.166]
I T T T T T T T 1
01 0 01 02 03 04 05 06 07
Effect Size
Heterogeneity: Tau? = 0, Chi* = 3.98 (df = 4), p=0.408, I = 0%

As discussed in the methods section, the intent-to-treat estimate of 0.106 is not the most appropriate measure
of the true estimate of learning losses from refractive error, as it embeds substantial non-compliance. We
estimate the ‘weighted-average’ compliance across the interventions, using the same weightings used to
estimate the effect size, identifying an overall compliance rate of 50%.

"\(9/\
@ Vision Atlas g\g.org IAPB and SEVA Foundation | BETTER EDUCATION.IN SIGHT' 202417




Using the approach documented in the methodology, Section 2.1, we estimate the average ATT effect at 0.197.
Specifically:
* The ATT effect of compliers is 0.213 standard deviation test score improvements (0.106 / 50% = 0.213)
* The ATT effect of non-compliers if they had complied is 0.180 (0.213 * 1.40/1.66) standard deviation test
score improvements
* The average ATT effect is 0.197 (0.213 * 50% + 0.180 * 50%) standard deviation test score improvements

How many equivalent years of schooling does this represent? Different education systems deliver
substantially different levels of learning.'® Fortunately, all included studies are from one country, so we can
benchmark the summary finding to the average improvement in that country from one year of schooling.
Glewwe and colleagues' report that the average learning gain in their study of Chinese students with good
vision was 0.44 standard deviation improvement in test scores. This suggests that the ATT effect can be
described as just under half a year of ‘business-as-usual’ schooling in expectation (0.197 / 0.44 = 0.45) with a
95% confidence interval between a fifth (20%) and two-thirds (69%) of a school year. In other words, children
with uncorrected refractive error learn about half as much as their peers with good vision.

3.2 Equivalent Years of Schooling and Economic Loss from Uncorrected Refractive Error
in School Children

The annual economic loss in future income associated with uncorrected refractive error is $173 billion (PPP)
with a 95% confidence interval between $83 billion and $246 billion (Table 2, Panel A). The average income loss
per child is $9,753 (PPP) per year, and the total equivalent years of schooling lost per year is 6.3 million.

Table 2: Equivalent Years of Schooling and Economic loss from Uncorrected Refractive Error.

NPV of economic School going children Average income loss per  Equivalent years of

loss from one year of with refractive errorin  child with uncorrected schooling lost per year

uncorrected refractive 2021 (000s) refractive error per year

error (PPP $millions) (PPP)
Panel A: All countries
All (n=168) 173,117 17,750 9,753 6,267,118
High income (n =55) 96,936 2,508 38,648 1,042,508
Low-and-middle-income 76,182 15,242 4,998 5,224,610
(n=113)
Low income (n=20) 1,227 1,140 1,076 274,649
Lower middle income (n=47) 19,665 8,159 2,409 2,685,186
Upper middle income (n=46) 55,300 5,943 9,305 2,264,775

Panel C: Results by World Bank region

East Asia & Pacific (n=22) 44,577 4,374 10,190 1,630,721
Europe & Central Asia 41,335 1,731 23,874 716,335
(n=47)

Latin America & Caribbean 21,075 1,997 10,553 771,608
(n=28)

Middle East & North Africa 13,831 1,696 8,154 661,256
(n=18)

North America (n=2) 37,874 637 59,378 266,850
South Asia (n=6) 9,472 4,801 1,973 1,581,289
Sub-Saharan Africa (n=45) 4,953 2,512 1,972 639,058

Panel D: Results by age group

5-11 year old children 80,053 9,323 10,486 3,732,750

12-17 year old children 93,064 8,427 13,934 2,534,368

NPV: Net Present Value; PPP: Purchasing Power Parity
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The total figure obscures substantial heterogeneity by income grouping. Table 2, Panel B demonstrates that
the split of economic cost between high income countries (HICs) and LMICs is 56% to 44%. However, the loss
of equivalent years of schooling is overwhelmingly in LMICs, which experience 83% of the total global learning
loss. This is because most of the uncorrected refractive error is in LMICs. We can reconcile the two findings

by noting that the average income loss per child is substantially higher in HICs ($38,648 PPP per child) than in
LMICs ($4,998 PPP per child).

Additional disaggregation by regions demonstrate that the highest economic cost is in East Asia and the Pacific
($44,577 million PPP), Europe and Central Asia ($41,335 million PPP) and North America ($37,874 million PPP).
The regions with the greatest equivalent years of schooling lost are East Asia and the Pacific (1.63 million) and
South Asia (1.58 million), mostly driven by China and India respectively.

In terms of age groupings, there is a higher economic loss in 12-17 year olds ($93,064 million PPP) than in 5-11
year olds ($80,053 million PPP). This is predominantly because 12-17 year olds are closer to working age, and
their future earnings are not discounted by as large a factor as their counterpart. With regard to equivalent
years of schooling lost, 5-11 year olds (3.7 million) experience a greater loss than 12-17 year olds (2.5 million).
This is primarily because the 5-11 year olds (primary school) have higher net enrolment rates than the 12-17
year olds (secondary school), and there is one extra grade year in primary school (seven years) compared to
secondary school (six years).

Figure 3: Economic loss from one year of uncorrected refractive error. One year of sub-optimal learning due to
uncorrected refractive error costs $173 billion in future economic productivity loss.
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Figure 3 provides the economic loss share by country. The top seven countries comprise half the total economic
loss. Three of these countries are LMICs (China, Brazil and India), with four HICs (USA, UK, Germany, Japan).
When considering equivalent years of schooling lost (Figure 4), roughly half of the loss is in seven countries, of
which only one (USA) is a HIC. Country specific results are noted in the appendix as well as figures for economic
/ schooling loss by income classification and region.
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Figure 4: Schooling loss from one year of uncorrected refractive error. One year of sub-optimal learning due to
uncorrected refractive error costs 6.3 million years of schooling loss each year.
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Discussion

Failing to address the large prevalence of uncorrected refractive error in school going children has substantial
social and economic costs. Each child with uncorrected refractive error learns half as much as their peers with
good or corrected vision. Globally, we estimate that for every year that school children go without glasses
around the world, 6.3 million equivalent years of schooling loss and $173 billion PPP in future economic loss are
generated. The global economic costs are split roughly 50:50 between high-income and low-and-middle-income
economies, but the overwhelming schooling loss is in LMICs which experience 83% of the lost learning from
uncorrected refractive error.

These findings have important implications for global education policy. It is now clear that children in low-and-
middle-income countries, who comprise the vast majority of all children in school globally, are experiencing
a'learning crisis. There has been minimal changes in overall learning levels despite large gains in enrolment
over the last 25 years.'* Governments will need a variety of tools to address this deficit including interventions
that address children’s health. Our results suggest addressing visual impairment, through comprehensive
school eye health screening policies and programs, would generate substantial learning gains for children with
uncorrected refractive error. Approximately half of the gain would come from vision screening and provision
of glasses, and perhaps the remaining half could be addressed by interventions to improve compliance with
wearing glasses.

Moreover, the costs of providing vision correction to school children are likely to be modest compared to the
benefits. A recent systematic review and economic modeling analysis shows that screening plus the provision
of glasses generates returns as large as $65 per $1 investment in China and $42 per $1 investment in India,?
comparable to ‘best buy’ returns in global development'” and in education.’

Our results have certain limitations. First, all the evidence comes from one country: China with uncertainty
around how results could translate to other contexts. However, we have attempted to mitigate any differences
in general education quality between countries by benchmarking the meta-analysis result against the usual
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learning gain in China, applying an equivalent years of schooling loss and using country-specific returns to
education. Second, we did not implement time-varying labor force participation rates and our analysis assumes
all children enter the workforce at age 18, which may be reasonably appropriate for upper-middle-income and
high-income countries, but may be less so for low-income and lower-middle-income countries. Assuming a
later start to working life implies conservatism in our loss estimates, due to the impacts of discounting on the
present value of lifetime income. Third, the results are sensitive to assumptions about future economic growth
of countries, which can be difficult to project accurately. Fourth, our estimates of lifetime income do not account
for differences in productivity across the lifecycle, which can be difficult to estimate. Instead our approach
adopts an approximation which assumes that income grows only with real changes in national growth rates.
Lastly, our results can be considered conservative as they do not touch upon other potential costs of visual
impairment in school going children, such as health losses, drop outs, future negative effects on labor force
participation or externalities to the children’s families.
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Appendix A: Country Level Results
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Appendix B: Additional figures

Figure 5: Economic loss by region, from one year of uncorrected refractive error.

One year of sub-optimal learning due to uncorrected refractive error costs $173 billion in future economic
productivity loss.

PPP (purchasing power parity) in 2022
international dollars.

95% confidence interval: $83 billion to $246
billion (PPP) in present value terms.

Figure 6: Economic loss by income classification, from one year of uncorrected refractive error.

One year of sub-optimal learning due to uncorrected refractive error costs $173 billion in future economic

productivity loss. The global economic costs are split roughly 50:50 between high-income and low-and-middle-
income economies.
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Source: World Bank Country Groups

PPP (purchasing power parity) in 2022
international dollars.

95% confidence interval: $83 billion to $246 billion
(PPP) in present value terms.
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Figure 7: Schooling loss from one year of uncorrected refractive error.

One year of sub-optimal learning due to uncorrected refractive error costs 6.3 million years of schooling loss
each year.

95% CI: 2.7 to 9.7 million years.

gse'ver ysepe|bueg

Figure 8: Schooling loss from one year of uncorrected refractive error by income group.

One year of sub-optimal learning due to uncorrected refractive error costs 6.3 million years of schooling loss
each year.

Source: World Bank Country Lending Groups
95% CI: 2.7 to 9.7 million years.
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Appendix C: Meta-analysis of results from High Income Countries

Our literature search identified two relevant randomized controlled trials from high-income studies: one
study by Glewwe and colleagues in 2018% and another by Neitzel and colleagues in 2021.2' Both studies were
conducted in the USA. We conducted a meta-analysis for these two high-income studies with a forest plot noted

below.

Intent-to-Treat Impacts of Glasses Provision on Learning (s.d. of test score improvements)
Study Treatment (n) Control (n) Weight (%) Effect [95% Cl]
Glwweetal@ots) e ams @ s osposous
Neitzel et al. (2021) 695 824 —— 39.76 0.09 [0.01, 0.17]
Total 2064 5180 —— 0.084 [0.034, 0.134]

01 0 01 02 03 04 05 0.6 0.7
Effect Size

Heterogeneity: Tau? = 0, Chi? = 0.04 (df = 1), p = 0.849, > = 0%

The intent-to-treat impact from the two studies is 0.084 standard deviation test score improvements.

We decided to not include these studies with the studies from China. First, neither study documented
compliance rates which made it difficult to estimate the ATT effect. Second, the Glewwe et al. (2016) study’s
treatment group mostly included children with good vision. Table 4 of that study notes that the ‘full treatment
group’ included 3,772 students of which only 975 (25%) failed the screening and 596 (16%) were given glasses.
This methodological set up is different to the other studies from China in which both treatment and control
groups generally included only children with poor vision which complicates its inclusion into the meta-analysis.

Note that if we treat the ‘compliance rate’ from Glewwe et al. (2016) as 16%, a naive estimate of that study’s ATT
effectis very large at 0.5 standard deviation of test score improvements (0.08 / 0.16). This is potentially a much
larger EYOS loss than the one reported from the China studies, where the meta-analytic ATT effect is estimated
at 0.20 standard deviation of test score improvements, suggesting that the omission of Glewwe et al. (2016)
might underestimate the costs to HICs.
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