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Abstract

Education has been hailed as a “social vaccine” against HIV infection; but there is little
causal evidence to support this claim. A 1996 policy reform in Botswana changed the
grade structure of secondary school and led to sharp increases in educational attainment
among affected birth cohorts. We use this ‘natural experiment’ to identify the effect of
secondary schooling on HIV infection risk, fertility, sexual behaviors, and labor market
outcomes. Data were obtained from the 2004 and 2008 Botswana AIDS Impact Surveys,
nationally-representative household surveys with HIV biomarker collection. Each
additional year of secondary schooling induced by the policy change decreased the
probability of HIV infection by 8.1 percentage points (se=3.1), relative to a baseline
prevalence of 25.6%. Effects were particularly large among women, who also saw a
15.8% point (se=5.7) reduction in the probability of having ever given birth. Schooling
had no effect on HIV knowledge; however it influenced norms and behaviors, increasing
condom use, HIV testing, and reporting that it is acceptable for women to carry condoms.
For women, education delayed sexual debut and increased labor force participation. For
men, education increased number of partners, but also increased literacy, and discussion
about HIV with others. Supply-side measures to expand access to education in
developing countries may have large health benefits. Estimates of the returns to schooling
that exclude these non-pecuniary benefits may be too low. JEL Codes: I1, I2, J12, O15
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I. Introduction

HIV continues to be a major global health challenge with an estimated 2.3 Million new

infections each year. 1 Formal education, particularly of girls, has been hailed as a ‘social

vaccine’ to reduce the spread of HIV. 2 However, there is little causal evidence for this claim. 3

Existing cross-sectional and longitudinal studies have found conflicting evidence on the

association between education and HIV risk. Early national surveillance surveys found higher

rates of HIV among people with more education in a number of sub-Saharan Africa countries. 4-6

However, other studies have found a protective association between higher education and HIV

infection, particularly as the epidemic has matured and information on prevention strategies has

become more widely available. 7-9

The effect of education on HIV infection is theoretically ambiguous. Education may reduce HIV

risk through: increased exposure to information about HIV and prevention methods 10,11;

improved cognitive skills to make complex decisions regarding HIV risk reduction 12; higher

returns to market labor 13-16, increasing financial independence of women, reducing participation

in transactional sex, and increasing bargaining power within relationships 17-19; assortative

mating with lower-risk partners 17,20,21; less time for sexual relationships leading to increased

abstinence during years in school 22,23; changing fertility preferences, leading to increased

contraceptive use and/or less frequent sex 24-28; and increased future orientation. On the other

hand, education may increase the size of one’s sexual network; prolong the period of pre-marital

sex 29; increase earnings, enabling men to have more partners and/or engage in riskier sex 30; and

increase one’s attractiveness in the “market” for sexual partners, leading (possibly) to more

opportunities for unprotected sex.

This paper contributes to a larger literature on the health impacts of education in general. Due to

the paucity of randomized trials and natural experiments, there is little consensus in the

economics literature on whether a causal relationship exists between education and health, and if

so what the mechanisms are. 12,31-36 In addition to its significance for HIV prevention, our study
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thus has implications for understanding the role of education in the health production function,

and its effect on disparities in health outcomes across populations. 37-42

The challenge in determining the causal effect of schooling on HIV infection risk is that school

attainment is closely related to factors such as socioeconomic status, psychological traits, and

preferences, which are difficult to control for fully in observational studies and which may also

affect HIV risk. Several randomized trials have sought to identify the impact of schooling on

HIV risk, but they have been underpowered to look at HIV incidence and/or have been paired

with other interventions that make it difficult to attribute any effects to schooling. 43-45 For

example, a randomized trial in Zimbabwe provided orphan girls with “comprehensive school

support,” including school fees, uniforms and a community visitor who monitored school

attendance. The intervention prevented school dropout, early marriage, and reduced risk factors

associated with infection with HIV. 45 A trial in Kenya randomized school uniforms, which led to

an increase in schooling and a decrease in pregnancy; however the study was underpowered to

detect changes in HIV incidence and the uniforms may have had an income effect. 44 In a trial in

Malawi, girls were randomized to receive cash transfers conditional on school attendance, cash

transfers alone, or nothing. Although the cash transfer reduced HIV risk, the authors could not

reject the null hypothesis that the schooling condition had no effect on HIV incidence. 17 (Other

RCT’s are underway to assess the effect of conditional cash transfers for school attendance or

achievement on HIV risk, but these studies are not designed to be able to separate the effects of

cash from the effects of the condition since they do not have an unconditional cash treatment

arm. 46,47) A challenge for schooling experiments is that the demand-side subsidies and

incentives offered in RCTs have generally led to small changes in educational attainment, with

the result that their power to identify an effect on HIV infection is low. In contrast, supply-side

policy reforms have, in some cases, led to large changes in educational attainment 48-50, and thus

suggest a promising approach to assess the causal effect of schooling on HIV risk.

This study exploits plausibly-exogenous variation in educational attainment generated by a

policy reform. In 1996, the Government of Botswana changed the grade structure of secondary

school nationwide, moving grade 10 from senior secondary school to junior secondary school,

dramatically increasing the number of seats available. The result was a sharp increase in average
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years of schooling by 0.8 years at the population level. The policy change affected specific birth

cohorts – e.g., those who would have entered grade ten in 1996 or later – and as a sector-specific

supply-side reform was unlikely to have affected HIV risk through mechanisms other than

schooling itself. Using multiple survey waves to disentangle age and cohort effects, we use

variation in exposure to the reform to identify the causal effect of education on the cumulative

risk of HIV infection, fertility, and potential mediating risk factors, including labor force

participation and sexual behaviors.

The paper proceeds as follows: Section II describes the policy reform and study context. Section

III describes the data used in the analysis. Section IV presents the empirical approach. Section V

presents the main results, with robustness checks in Section VI.  In Section VII, we explore

mediating pathways from education to HIV risk. Section VIII evaluates the cost-effectiveness of

secondary schooling as an HIV prevention intervention. Section IX concludes.

II. Policy Reform and Study Context

Botswana is a sparsely-populated, land-locked country in southern Africa, whose economy

depends substantially on diamond-mining. Botswana has among the highest rates of HIV in the

world, with 25.6% of adults aged 15-49 years infected in 2008 (BAIS 2008).

Botswana’s K12 public education system is divided into primary, junior secondary and senior

secondary education In 1994, the National Commission on Education (NCE) brought up several

problems associated with the existing ‘7+2+3’ grade structure, in which two years of junior and

three years of senior secondary school followed seven years of primary education. In particular,

two years of junior secondary education was insufficient to prepare students for work or further

training and did not offer sufficient time for students to adjust from primary to secondary school.

The NCE recommended a switch to a ‘7+3+2’ structure with primary and junior secondary

school forming ‘Ten Years of Basic Education’ (rather than ‘Nine Years of Basic Education’).

Botswana’s public education system is strongly centralized and the policy was implemented
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rapidly and universally; it also serves the vast majority of the population with less than 1% of

secondary school students attending private schools (Government of Botswana 2013). 51

In January 1996, Botswana shifted the tenth year of education from senior secondary to junior

secondary school, with the goal of increasing access to grade ten. 52 The reform may have

influenced educational attainment through multiple channels. First, the reform led to a large

increase in the supply of grade ten education. There are about nine junior secondary schools for

every senior secondary school in Botswana (CSO 2010); moving grade ten to junior secondary

school thus increased the number of seats and reduced travel time for students. Second, it

increased the number of years of schooling required to obtain a Junior Certificate, raising the

benefits of completing grade ten and establishing continuity with grade nine. Third, if education

affects preferences for later schooling (e.g., some students may discover that they like school),

then increasing grade ten completion could increase progression through later secondary and

even tertiary education. A previous study has shown that the reform led to an increase in total

years of schooling – with a large increase in grade ten completion.48 This ‘natural experiment’

provides an opportunity to estimate the causal impact of schooling on risk of HIV infection, by

assessing whether there is decreased risk of HIV infection among birth cohorts exposed to the

reform.

III. Data Description

III.A Study Population

The study population included all women and men living in Botswana, at least 18 years old at the

time of the surveys, and who were citizens of Botswana born in or after 1975. Respondents

younger than 18 years old at the time of the surveys were excluded because they would not have

had the opportunity to complete secondary education. Multiple previous school reforms led to

rapid changes in the distribution of schooling for cohorts born before 1975, so they were

excluded from the analysis, 52 resulting in a study population ages 18 to 32 years. Immigrants to
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Botswana were excluded because they would not have been exposed to the schooling

intervention if they migrated in adulthood.

III.B Sampling Strategy

Data were obtained from the Botswana AIDS Impact Surveys (BAIS) II (2004) and III (2008),

nationally representative population-based household surveys with HIV biomarker collection.

BAIS II and III each employed a two-stage probability sample design stratified according to

district and major urban centers. For each survey, a representative probability sample of

approximately 8,300 households was selected. All household members aged 10-64 who were

usual members of the household, and spent the last night in the household, were eligible to be

interviewed. For survey year 2004, 8,206 female and 6,656 male respondents were interviewed;

in 2008, 7,497 female and 6,055 male respondents were interviewed. Data on demographics,

HIV biomarkers, and self-reported sexual behaviors were collected for all respondents. Detailed

sampling plans and HIV testing procedures are available from survey final reports. 53,54

Household and individual participation rates were, respectively, 92% and 93% for survey year

2004, and 87% and 82% for survey year 2008. HIV test participation rates were 61% for survey

year 2004, and 67% for survey year 2008. A small number of HIV tests (< 2%) produced invalid

results. Data on years of schooling completed were available for 99.7% of respondents with an

HIV test result.

III.C Measurement of Exposures and Endpoints

Data on educational attainment, age in years, HIV status, fertility, marriage, sexual and HIV

testing behaviors, HIV knowledge and attitudes, employment, literacy, gender, citizenship,

district of birth, household number, respondent line number, and sample weights were extracted

from the BAIS datasets. Year of birth was calculated as Survey Year minus 0.5 minus Age at

Survey. The key exposure in our analysis was the total number of years of schooling completed.

As a source of exogenous variation in schooling, we defined an indicator for whether or not a

respondent was exposed to the 1996 education policy reform. Historically in Botswana, children

were eligible to begin primary school in the year of their seventh birthday. Presuming they would
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progress on time through school, without repeating or skipping grades, they would enter 10th

grade in the year of their 16th birthday. We defined exposure to the reform (“reform cohort”) as

one if the respondent was aged 16 years or younger in 1996 (born in or after 1981), and zero

otherwise.

Our primary endpoint was HIV status, which reflects the cumulative probability that a

respondent acquired HIV up to his or her age at the time of the BAIS surveys. As secondary

endpoints, we assessed the causal effect of schooling on a range of potential mediating pathways

including: age at first intercourse, an important predictor of HIV risk, the number of previous

births, marriage, years of premarital sex, current sexual and HIV testing behaviors, HIV

knowledge and attitudes, literacy, and labor market outcomes. 55 The text of the specific

questions is provided in the Appendix.

IV. Empirical Approach

Because high-risk individuals may self-select for higher (or lower) educational attainment based

on unobserved characteristics (confounders), naïve bivariate and covariate-adjusted associations

between years of schooling and HIV status should be interpreted as “descriptive,” and may not

reflect a causal relationship. 4-7,9,11 To obtain causal effects, we exploited exogenous variation in

educational attainment resulting from a 1996 policy reform that changed the grade structure of

secondary school in Botswana. Using exposure to the reform as an instrumental variable, we

identified the effect of additional years of schooling on the cumulative probability of HIV

infection.

As a benchmark against which to compare our instrumental variables estimates, we assessed the

association between years of schooling and the cumulative probability of HIV infection in

descriptive, multivariate OLS (linear probability) regression models. 56 We estimated several

specifications, modeling years of schooling as a continuous covariate; allowing for different

slopes for 0-9 years and 10-13+ years of schooling; and modeling each additional year of

schooling non-parametrically, with separate indicators for additional years of schooling
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completed. Although logistic regression is typically used for binary outcomes, instrumental

variables models with a logistic second stage are not consistent; the coefficients in these

descriptive linear probability models can be compared directly with the coefficients in our causal

instrumental variable models, as described below. 57

Our IV analysis proceeded in three steps. First, we assessed whether birth cohorts exposed to the

reform (“reform cohorts”) had higher educational attainment than birth cohorts not exposed to

the reform. We estimated the effect of exposure to the reform on total years of schooling

completed in multivariate OLS regression models (“first stage”), adjusting for covariates. We

also assessed the effects of the reform on the distribution of years of schooling completed,

assessing effects on the probabilities of completing at least 7, 8, 9, 10, 11, 12, and 13+ years of

schooling. Second, we assessed the “intention-to-treat” (ITT) (a.k.a. “reduced form”) effect of

being in a reform cohort on the cumulative probability of HIV infection. ITT estimates were

assessed in multivariate linear probability models, adjusting for covariates. Third, similar to an

RCT with non-compliance 58, complier causal effects can be obtained by dividing the ITT by the

First Stage. To obtain such a causal estimate, while adjusting for covariates, we estimated two-

stage least squares (2SLS) regression models, using exposure to the reform as an instrument for

total years of schooling.

In all models – both descriptive and causal – we controlled flexibly for age with a full set of

single-year age indicators, to account for the non-monotonic pattern of HIV infection across ages

in Botswana. 59 We included indicators for survey year (2008 vs. 2004) and for district of birth.

Finally, we adjusted for a continuous linear term in year of birth, to account for continuous

trends in education or HIV infection risk across birth cohorts. Exposure to the reform was

modeled as an intercept shift for cohorts born in or after 1981. We estimated all models first for

women and men separately, and then on the pooled sample. When pooling sexes, we additionally

included indicators for sex and the interactions of sex with the other covariates. In the pooled

2SLS regressions, we did not interact sex with years of schooling, so that the coefficient on

schooling reflects a weighted average of the effects for men and women. Identical models were

estimated for all secondary outcomes. All IV estimates are interpreted as “local” to the
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subpopulation who “complied” with their treatment assignment – e.g., persons who increased

their years of schooling because of the reform. 60

Figure 1 displays a causal diagram illustrating the assumptions underpinning our study. Four

assumptions are required. First, the instrument (Z) must have had an effect on schooling (E), e.g.,

a valid first stage; this is testable and we find large effects. Second, the instrument (Z) must be

independent of unobserved confounders (U), conditional on observed covariates (X); in our

application this implies that people born before and after 1981 were similar, after controlling

flexibly for age, survey year, district of birth, and a linear trend in HIV risk across birth cohorts.

In robustness checks, we included quadratic terms for year of birth, reduced the window of

observation to a narrower set of birth cohorts, and allowed the slope of the trend across birth

cohorts to differ before and after 1981. Identification comes from the fact that the policy reform

led to a discontinuous change in schooling across cohorts born before and after 1981; it is

unlikely that other unobserved factors would have led to a discontinuous change in HIV risk for

precisely those cohorts affected by the reform. Importantly, the availability of two survey years

enables us to identify these cohort effects, while controlling flexibly for age and period effects.

Third, we assume that exposure to the policy reform (Z) affected HIV risk (Y) only through

changes in schooling (E) (the exclusion restriction); this is highly plausible given that the reform

was a supply-side intervention that would not have specifically affected the reform cohorts

except through their increased access to grade 10. Fourth, to interpret our results as complier

causal effects (a.k.a. local average treatment effects), we must assume monotonicity; e.g., that

exposure to the reform (Z) only caused individuals to obtain more schooling or to have no

change in schooling, and did not lead some individuals to obtain less schooling. Violations of

this assumption are possible but unlikely (e.g., a person with a very strong preference for small

class size might have continued to grade ten pre-reform but dropped out after grade nine post-

reform). 61,62

Stata (version 12.0, StataCorp, College Station, Texas) was used for all statistical analyses.
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V. Results

V.A Sample Description

The 2004 and 2008 BAIS surveys included 3,965 women and 3,053 men with valid HIV

biomarkers, for a total of 7,018 respondents. Figure S1 in the Appendix shows a participant flow

diagram. Table 1 shows summary statistics. Mean age was 22.7 (SD 3.1) for women and 22.6

(SD 3.2) for men in the BAIS II survey and 24.9 (SD 4.2) for women and 24.7 (SD 4.3) for men

in the BAIS III survey. Mean years of schooling was similar for men and women, at about ten

years. Age at first intercourse was 18.0 (SD 2.0) years for women and 17.8 (SD 2.5) years for

men in the BAIS II survey, and 18.2 (SD 2.5) for women and 18.5 (SD 3.0) for men in the BAIS

III survey. 28% of women and 11% of men in the BAIS II study sample and 27% of women and

12% of men in the BAIS III study sample were HIV positive.

V.B Descriptive Association between Education and HIV Infection Risk

Figure 2 shows the crude associations between education and HIV infection risk for men and

women. The relationship between HIV infection risk and schooling appears non-monotonic. HIV

risk peaks for persons completing 8 - 9 years of education, and declines sharply after nine years

of schooling. Table S1 in the Appendix shows the covariate-adjusted OLS association between

years of schooling and HIV infection risk. On average, one additional year of schooling is

associated with 1 - 2 percentage points lower HIV risk. However, each additional year of

schooling up to nine years was associated with a 0.3% point higher risk for HIV infection (p =

0.229); by contrast, each additional year of schooling above nine years of schooling was

associated with a -3.6% point lower risk of HIV infection (p < 0.0001). Since these associations

may be confounded by unobserved characteristics, we used an instrumental variables approach to

obtain causal effect estimates.
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V.C Effect of the 1996 Grade Reform on Years of Schooling Completed

Figure 3 shows the proportion of respondents who completed at least 7, 8, 9, 10, 11, or 12 years

of schooling and how this distribution changed across birth cohorts. The fraction of students

completing at least 7, 8, or 9 years of schooling rose gradually and continuously across birth

cohorts. However, the share of students with at least ten years of schooling increased sharply for

the birth cohorts affected by the reform. Modest increases in completion of 11 and 12 years of

schooling were also observed for the reform cohorts. Tables 2 and S2 in the Appendix displays

regression estimates of the impact of the reform on educational attainment. The reform induced

an increase of 0.79 years of schooling (p < 0.0001) - 0.64 for women (p = 0.004) and 1.01 for

men (p = 0.002).

V.D Causal Effect of Education on HIV Infection Risk

Table 2 presents “intention-to-treat” results, in which HIV status was regressed directly on the

instrument and covariates. Women who were exposed to the reform period were 7.4 percentage

points less likely to be HIV positive (p = 0.017); men were 5.0 percentage points less likely to be

HIV positive (p = 0.052). The pooled coefficient was 6.4 percentage points (p = 0.002). Figure 4

plots the predicted proportion of HIV positive by birth cohort, with and without the reform,

superimposed over the observed HIV prevalence. Observed HIV prevalence closely matched the

model predictions. For the cohorts exposed to the reform (1981-1985), HIV prevalence was

lower than it was predicted to be in the absence of the reform. Table 2 shows 2SLS results for the

effect of additional years of education on HIV status. These instrumental variable estimates show

that additional years of schooling induced by the reform had a protective effect against HIV

infection. Batswana who stayed in school for an additional year had an 8.1 percentage point

lower risk of HIV infection (p = 0.008) – 11.6 percentage points for women (p = 0.045) and 5.0

percentage points for men (p = 0.085). Since the reform increased completion of grades ten and

above, we interpret the instrumental variable estimates as the causal effect of additional

secondary school education on HIV risk, for the population that would have otherwise dropped

out of school after grade nine. For men, the effect of education appeared to be protective of HIV
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risk, but with smaller samples, this result did not reach conventional benchmarks for statistical

significance.

VI. Sensitivity Analyses and Robustness Checks

We assessed the robustness of our results to the presence of non-linearities in long-run cohort

trends in HIV risk, by controlling for a quadratic in year of birth in addition to the linear term

included in the main analysis, and find almost identical results (Table 3, columns 4, 5). The

assumption that underlying trends are approximately linear is also more plausible the narrower

the window of cohorts included. Using narrower window of birth cohorts – 1981 +/- 4, 5 years,

results remain similar, although the estimates are less precise (Table 3, columns 7, 8). HIV

consent rates were incomplete and it is possible that selective non-response may have biased our

estimates. However, exposure to the reform was not significantly associated with consent rates

(Table S6). Further, imputing for HIV status based on observables, our results were essentially

unchanged (Table 3, columns 10, 11). To rule out the possibility that other national policy

changes might have affected HIV risk for the same cohorts, we used an alternative identification

strategy exploiting the fact that the reform would be expected to have the biggest impact in

districts where a higher proportion of students completed exactly nine years of schooling in the

pre-reform period. Interacting district (high vs. low 9th grade completion) with the indicator for

exposure to the reform, we implemented a difference-in-differences strategy and found similar

results (Table 3, column 12). Further details on robustness checks are provided in the Appendix.

Table S5 in the Appendix displays robustness checks for men and women separately, as a

companion to Table 3 which presents combined results.

VII. Causal Pathways from Education to HIV Risk

To investigate the causal pathways from education to HIV risk, we assessed the effect of the

reform on potential mediators, our secondary endpoints. Table 4 shows 2SLS results for the

effect of additional years of schooling on age at first intercourse, marriage, fertility, sexual and
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HIV testing behaviors, HIV knowledge and attitudes, literacy, and labor market outcomes for

women and men separately. Schooling had no effect on HIV knowledge; however it influenced

other HIV risk factors, HIV attitudes, literacy, and labor market outcomes. For women,

education delayed sexual debut by 0.76 years (p = 0.004), increased labor force participation by

17.2 percentage points (p = 0.025), and reduced the proportion that had ever given birth by 16.0

percentage points (p = 0.006). For men, education increased the likelihood of having more than

one partner by 11.1 percentage points (p = 0.028), but also increased literacy by 8.4 percentage

points (p = 0.001), and discussion about HIV with others by 8.7 percentage points (p = 0.056).

For both men and women, education increased condom use, HIV testing, and the proportion

reporting that is acceptable for women to carry condoms. In interpreting these mediators, we

caution that while sexual debut likely occurred prior to HIV infection, contemporary knowledge,

attitudes, and behaviors were observed after all of the HIV-infected survey respondents had

seroconverted, implying that the coefficients for secondary endpoints may capture behavioral

responses downstream from HIV infection. However, for most secondary outcomes, these biases

would be expected to run counter to our results: cohorts with higher HIV prevalence would be

more likely to have ever tested for HIV, more likely to use condoms and to believe that it is

acceptable for women to carry condoms, less likely to bear children, and more likely to talk

about HIV.

VIII. Cost-Effectiveness of Secondary Education as an HIV Prevention Strategy

To assess the cost-effectiveness of secondary schooling as an HIV prevention intervention, we

estimate the cost per disability-adjusted life year (DALY) averted using estimates of the per-

pupil-per-year costs of secondary education published by the UNESCO Institute for Statistics

and our own calculations of the treatment costs and DALYs associated with an HIV infection in

Botswana. We also compare the cost per HIV infection averted due to secondary schooling vis-à-

vis other proven HIV prevention interventions. Based on calculations presented in the Appendix,

we estimate that an HIV infection at age 20 would lead to 16.3 lifetime DALYs for someone

who did not initiate antiretroviral therapy (ART); and 3.5 lifetime DALYs for someone who

initiated ART, with a lifetime treatment cost of $12,400; all costs and DALYs were discounted at
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3%. These calculations imply cost-effectiveness ratios (CER) of $4,387/DALY with ART and

$1,703/DALY without ART; each of these CERs is lower than Botswana’s $5,178 per capita

GDP (2009), implying that as an HIV prevention intervention secondary school is “very cost-

effective” according to the standard benchmark of 1x per capita GDP. Table 5 compares the cost-

effectiveness of secondary school with other proven HIV prevention interventions, such as

medical male circumcision, treatment as prevention, and pre-exposure prophylaxis. Secondary

schooling is more expensive than circumcision and treatment as prevention, but of similar cost-

effectiveness to pre-exposure prophylaxis. 63-66 Importantly, unlike these other interventions,

secondary schooling has large benefits beyond the reduction of HIV transmission – benefits that

have been excluded from the above calculations.

IX. Conclusion

Using an education policy reform as a natural experiment, we find that secondary schooling has a

large protective effect against risk of HIV infection in Botswana. Effects were particularly large

for women and were consistent through a wide array of robustness checks. Our IV estimates are

somewhat larger, but generally consistent with the strong negative associations we found

between secondary schooling and HIV risk in OLS regressions. One explanation for why the

2SLS results are larger than the OLS results could be that unobserved factors, such as personal

charisma, may be positively associated with both educational attainment and HIV risk, thereby

reducing the magnitude of the OLS coefficient. Another explanation is measurement error,

although this is unlikely that noise in reported years of schooling is large enough to account for

the difference between OLS and IV coefficients. A third explanation is that – as with all IV

estimates – the causal effects that we estimate are “local” to the subpopulation of compliers, e.g.,

those induced to increase schooling because of the reform. This subpopulation consists of

persons who, in the absence of the reform, would have dropped out after ninth grade – a group

likely to be at particularly high risk for HIV.

Our effect estimates for a single year of schooling are large; however, there is reason to believe

that the later years of secondary school are particularly protective against HIV infection risk. The
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OLS regressions provided suggestive evidence that the effect of schooling on HIV risk may be

non-monotonic in Botswana: an additional year of schooling was associated with slightly

increased HIV risk from years of schooling 0 to 9; but with large reductions in HIV risk in years

10-13+. Multiple countervailing pathways from education to HIV risk may be at work.

Participation in late primary and early secondary school may increase social (and sexual)

network size but confer little in the way of economic opportunity or cognitive skills to navigate a

complex risk environment. Although we do not have a natural experiment for primary schooling,

it is quite likely that results would differ substantially. The later grades of secondary school may

be a critical exposure period in the determination of HIV risk and fertility decisions. 67

Additional years of schooling had a causal effect on some proximate risk factors for HIV, but not

others, providing insights on potential mechanisms. Education increased condom use and

improved norms regarding women carrying condoms, suggesting more widespread adoption of

this particular prevention technology among the better educated, a phenomenon suggested in

other studies. 9,11,12 Education increased HIV testing for both men and women and led to

increases in the proportion of men who reported talking with others about HIV, suggesting

increased openness about HIV and demand for knowledge about one’s own HIV status.

Additional schooling led women (but not men) to delay sexual debut and to delay childbearing.

The reduction in fertility is generally consistent with reduced unprotected sexual activity and

lower risk for HIV, and is also of interest in its own right. Although education led to later sexual

debut, we observed no change in entry into marriage, which in general occurs quite late in

Botswana. In contrast to work by Case and Paxson, 29 we find the exogenous changes in

education led to shorter (not longer) durations of pre-marital sexual activity, which may have

reduced exposure to HIV.

Interestingly, education had no effect on abstinence (measured at the time of the surveys) or

number of partners for women, and actually increased numbers of partners for men – a finding

similar to other literature. 5,30 Although we have limited data on partner characteristics, we find

no evidence that education reduced participation in age-disparate relationships – “sugar

daddies/sugar mamas”, thought to be a driver of HIV risk. 68-71 In summary, whereas education

neither reduced sexual activity, nor reduced numbers of sex partners, nor lead people to select
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younger partners – it did appear to delay sex for women and to reduce HIV risk within

relationships through increased awareness of HIV status, communication about HIV, and

normalization of condom use. These findings contribute to our understanding of the margins on

which Batswana with additional schooling successfully adapted to reduce exposure to HIV in a

highly endemic setting.

What was it about education that led to these changes in behavior and reductions in HIV

infection risk? Perhaps the most obvious hypothesis is that schooling might provide information

about HIV that enables people to make safer decisions. In fact, gains in education induced by the

reform had zero causal effect on HIV knowledge and misconceptions. Although counterintuitive,

this result is not surprising given that the reform cohorts in our study completed secondary

school in the 1990s and early 2000s, before Botswana launched a formal HIV curriculum in

schools. Many resources have been devoted to HIV-specific education programs, and indeed

HIV knowledge was observed to be high in Botswana. However, our results suggest that the

effect of secondary schooling on HIV risk is not attributable to knowledge acquisition, but rather

to other factors. Scholars have long argued that “knowledge is not enough” to prevent HIV

infection. 72 Our results indicate that secondary education provides critical enabling factors that

allow knowledge to be utilized and enable people to avoid HIV infection.

Although education had no effect on HIV-specific knowledge, secondary schooling did have

large causal effects on other factors that may have mediated the effect of schooling on HIV risk.

These pathways differed for men and women. For women, the additional schooling induced by

the reform had very large effects on labor market participation – a consequence of the reform

that has also been reported elsewhere. 48 In our data, the reform caused over half of those women

who would have otherwise been out of the labor force to seek (and in many cases find)

employment (per year of schooling induced by the reform). These effects are very large and

suggest that the skills learned by women in grade ten are very important in local labor markets.

The annual private rate of return for each schooling cycle generally increases by level of

schooling in Botswana: rates of return in 1993/94 were the highest for upper (185%) and lower

(83%) secondary education, and the lowest for primary education (7%), as evidenced elsewhere.
15,73 Indeed, whereas many of the manual labor jobs traditionally open to men require minimal
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schooling, labor market opportunities for women (e.g., as teachers, nurses, clerks, or the

hospitality sector) typically require secondary education. 15 No significant effects on labor

market participation were observed for men, and in fact, the influx of women into the labor

market may have slightly increased unemployment for men in the same cohorts (we observed an

increase in unemployment for men that was economically, but not statistically significant).

Given the local labor market context, the gains in schooling induced by the 1996 reform led to a

large shift in women’s labor supply from the home to the market, and led to a shift in labor

market opportunities from men to women. These changes in economic opportunity may have

enabled women to make explicit choices to reduce HIV risk, e.g. by increasing bargaining power

for women within relationships. 74 Indeed we find evidence that education changed norms for

both women and men about the acceptability of women carrying condoms, and led to increases

in condom use and HIV testing. (As discussed above, we find no evidence that education led

women to select less risky partners, at least with respect to age; however, we are limited in our

ability to assess partner choice across other dimensions.) In addition to economic empowerment,

schooling may have also led women to think differently about their future, changing expectations

about whether they would have their own career or be a homemaker, and changing fertility

preferences. Indeed, we observe a large delay in sexual debut and a marked reduction in

childbearing for women affected by the reform. Interestingly, we observe a rightward shift in the

distribution of age at sexual debut not just from 16 to 17, the age when most girls would have

been in grade ten, but through age 20, suggesting that education did not just limit opportunities

for sex among school-going youth, 23 but actually changed preferences towards later sexual debut

(Table S8).

The effects of schooling on women’s labor market participation and fertility have been observed

in other settings without hyper-endemic HIV, 25-28,75,76 and schooling has been cited as a key

policy lever in spurring the demographic transition from high to low fertility. 77-80 In Botswana,

these changes may have had the added benefit of reducing HIV infection. Whether the observed

reductions in HIV risk are unintentional consequences of increased utilization of condoms as

birth control, or a result of explicit decisions by economically empowered and/or more forward-

looking women to reduce their exposure to HIV, cannot be ascertained. However, the benefits of
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secondary school in reducing HIV risk appear to be closely related to effects of education on the

economic and reproductive empowerment of women in Botswana.

Although the additional education induced by the reform had little economic impact for men, we

find evidence that extra years of schooling may have had impacts on cognitive skills, as

suggested by very large increases in literacy. The proportion of men reporting that they could not

read and understand a letter or newspaper with ease dropped by nearly half per year of schooling

induced by the reform. These skills may have improved men’s ability to use information about

HIV in making complex decisions in their lives. 12 Indeed we find evidence that men are more

likely to discuss HIV with others and, similarly to women, to test for HIV, use condoms, and

report that it is acceptable for women to carry condoms. Although knowledge about HIV

prevention methods did not change, men may have acquired additional skills to utilize that

knowledge in their lives.

In summary, we draw three conclusions from our discussion of mechanisms. First, education had

no effect on HIV knowledge, but did affect norms and behaviors. Second, observed changes in

behavior occurred on the margins of risk reduction within relationships and delayed sexual debut

for women. We found no evidence of partner reduction, abstinence after debut, or selection of

less risky partners as pathways. Third, education led to fundamental changes in market labor

supply for women, which may have empowered women to reduce exposure to HIV due to

increased bargaining power, future-orientation, or changed fertility preferences. The ability to

chart out causal pathways in this degree of detail is rare and a testament to the data collected in

the BAIS surveys. Finally, the fact that the 1996 reform affected a number of proximate HIV risk

factors (e.g., condom use, sexual debut) and outcomes correlated with unprotected sex (e.g.,

fertility) generates added confidence in our main results.

Our study has some limitations. First, consent rates were imperfect, and migration or mortality

could have influenced the composition of the study sample. However, neither consent rates nor

birth cohort sizes varied systematically with exposure to the reform, suggesting that any bias

from these sources is minimal. We also imputed HIV status for people without valid HIV test

result and find similar results using the full sample. Second, our analysis relies on the assumption
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that HIV infection does not cause people to stay in secondary school or drop out. Infection rates

are likely very low prior to grade ten, with only 10.1% of women and 14.9% of men having their

sexual debut before age 16 (BAIS 2008). The vast majority of people infected with HIV would

be asymptomatic during the period of their schooling making reverse causality unlikely. In

addition, we focus on a cohort born between 1975 and 1989 whose childhood occurred prior to

the advent of pediatric ART. Any children infected during birth or breastfeeding would almost

certainly have died prior to secondary school and would not be in the sample. Third, we only

observe people through age 32 years. We cannot know whether we are measuring HIV infections

truly averted or delayed. However, this is a common limitation of prevention studies. In spite of

this limitation, our analysis of cumulative incidence captures much longer follow-up than most

RCTs, which observe incidence over a shorter, e.g., 3yr 46, horizon.

Fourth, by exploiting exogenous variation in schooling, we avoided issues of self-selection of

high-risk individuals into more (or less) schooling, and thereby control for such unobserved

confounders as: socioeconomic status, risk aversion, future-orientation, self-confidence, etc.

However, our analysis nevertheless relies on the assumption that conditional on covariates –

there were no other cohort-specific effects that would have affected HIV risk aside from

exposure to the reform. There are many reasons why HIV risk might change across birth cohorts

but the likely candidates – infection rates among sexual partners, access to HIV treatment,

changes in prevention programming – are phenomena that are either gradual over time (changes

in the epidemic context) or, if they are sudden, affect people of many different ages (e.g., a

national prevention campaign): in both cases, these phenomena would result in gradual changes

in HIV infection across birth cohorts. We control for such changes in risk across birth cohorts

using a linear (or quadratic) trend, which picks up all observed and unobserved factors that

change smoothly (linearly, quadratically) across birth cohorts. The validity of our natural

experiment would be jeopardized only if there were unobserved factors that led to a

discontinuous change in HIV risk for the specific birth cohorts affected by the policy reform.

One example would be an HIV prevention program targeted to a specific grade in school.

However, Botswana’s HIV education programming was not in place in 1996. 81 In robustness

checks, an alternative difference-in-differences identification strategy yielded similar results,

lending support for this assumption. Finally, as with all infectious diseases, there could be
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spillover effects beyond the individuals directly affected by the reform, which would change the

interpretation of our estimates; however, given that people have sexual relationships across birth

cohorts, these spillovers would be expected to have a smooth impact on HIV infection across

birth cohorts and would not bias our estimates, which are based on a discontinuous change in

exposure to the reform.

Many studies have reported correlations between schooling and HIV infection risk. 4,6-9 This

study is among the first to use a natural experiment to assess the causal relationship between

schooling and HIV infection. 10,82 † A sharp policy change that increased access to secondary

school enabled us to rule out unobserved confounders that may have biased previous estimates.

Further research on the relationship between education and HIV risk could draw upon

randomized trials or other natural experiments – including compulsory schooling laws, class size,

and school admission lotteries – to tease out mechanisms and determine generalizability across

other contexts. 49,83-85 One attractive feature of the policy change that we evaluate is the sheer

size of the schooling gains that resulted. Botswana’s 1996 education reform focused on supply-

side factors – increasing the number of seats, reducing travel times to school, and making

continuation to 10th grade the default option. These changes led to very large increases in

educational attainment, particularly among those students most likely to drop out of school. To

increase educational attainment in other settings, supply-side interventions that increase

opportunities for secondary schooling should be considered alongside demand-side interventions

such as conditional cash transfers.

Expanding access to secondary school had a large protective effect against HIV infection in

Botswana. Our findings confirm what has been long suspected: that secondary schooling is an

important structural determinant of HIV infection. In Botswana, and other settings with large,

generalized HIV epidemics, estimates of the returns to secondary schooling may be grossly

underestimated due to the exclusion of health benefits.

† The study by Agüero and Bharadwaj (2014) was underpowered to detect effects on HIV infection, while the study
by Behrman (2014) did not adjust for age, which may confound their cohort-based identification strategy.
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FIGURES

Figure 1: Causal Diagram.

Directed acyclic graph showing the instrumental variable assumptions underpinning our study. Conditional on X,
Z is a valid instrument if Z causally affects E, Z is uncorrelated with U, and Z affects Y only through E. Under the
assumption that Z only affects E in one direction, 2SLS identifies a local average treatment effect (LATE).
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Figure 2: HIV Prevalence by Years of Schooling in Botswana.

HIV prevalence by years of schooling completed and gender. Sample includes survey respondents
who were citizens of Botswana, at least 18 years old at the time of the surveys, born in or after 1975,
and had a valid HIV test result. Source: Botswana AIDS Impact Survey II (2004) and III (2008).
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Figure 3: Educational Attainment by Birth Cohort in Botswana.

Pr(Educ > X) is the probability that the respondent has attained at least X years of schooling. Sample
includes survey respondents who were citizens of Botswana, at least 18 years old at the time of the surveys,
born between 1975 and 1985, and had a valid HIV test result. Survey weights used as provided. Source:
Botswana AIDS Impact Survey II (2004) and III (2008).
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Figure 4: HIV Prevalence by Birth Cohort in Botswana.

HIV prevalence by birth cohort in Botswana with and without education reform. (Predicted HIV Infection
with Reform: solid blue line; Predicted HIV Infection without Reform: broken red line; Observed HIV
Infection: dotted blue line). Sample includes survey respondents who were citizens of Botswana, at least
18 years old at the time of the surveys, born between 1975 and 1985, and had a valid HIV test result.
Survey weights used as provided. Source: Botswana AIDS Impact Survey II (2004) and III (2008).
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TABLES

Table 1: Summary Statistics.
Variables Percent / Mean (SD)

Survey Year BAIS II (2004) BAIS III (2008)

Subsample Female Male Female Male

HIV Positive (%) 28.3 11.1 27.3 12.4

Age 22.7 (3.1) 22.6 (3.2) 24.9 (4.2) 24.7 (4.3)

Years of Schooling 10.0 (3.0) 9.7 (4.0) 10.5 (3.2) 10.3 (3.8)

Has At Least Ten Years of Schooling (%) 62.4 65.2 72.6 73.0

Ever Had Sex (%) 88.2 77.9 92.7 83.1

Age at First Intercourse 18.0 (2.0) 17.8 (2.5) 18.2 (2.5) 18.5 (3.0)

Ever Married (%) 4.93 1.00 7.10 2.60

Literacy (%) 83.0 80.0 91.1 86.0

Total N with HIV Result 1,760 1,354 2,205 1,699

Sample includes survey respondents who were citizens of Botswana, at least 18 years old at the time of
the surveys, born in or after 1975, and had a valid HIV test result. Total N with Age at First Intercourse
was 1,520 for women and 1,012 for men in BAIS II (2004), and 1,987 for women and 1,348 for men in
BAIS III (2008). Sample weights used as provided. Source: Botswana AIDS Impact Survey II (2004)
(N: 14,802) and III (2008) (N: 13,479).
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Table 2: Natural Experiment: First Stage, Intention-To-Treat, and 2SLS
Results.

(1) (2) (3)
Model First Stage Intention-to-treat 2SLS

Dependent Variable Years of Schooling HIV-Positive HIV-Positive

Coefficient on Reform Indicator

Female 0.635*** -0.074** -0.116**

(0.223) (0.031) (0.058)

Observations 3,965 3,965 3,965

R-squared 0.034 0.095 -

Probability HIV-positive, Pre-Reform - 0.323 0.287

Male 1.005*** -0.050* -0.050*

(0.322) (0.026) (0.029)

Observations 3,053 3,053 3,053

R-squared 0.033 0.070 -

Probability HIV-positive, Pre-Reform - 0.168 0.164

Both Sexes 0.792*** -0.064*** -0.081***

(0.188) (0.021) (0.031)

Observations 7,018 7,018 7,018

R-squared 0.036 0.123 -

Probability HIV-positive, Pre-Reform - 0.255 0.238

Regressions 1 to 2 are OLS models. Regression 3 is a 2SLS model, in which exposure to
the reform was used as an instrument for years of schooling. All models included the
following controls: single-year age indicators, a linear term for year of birth, an indicator
for survey wave and indicators for district of birth. Regressions for the subsample with
both sexes additionally control for age*sex, districtofbirth*sex, yearofbirth*sex and
surveywave*sex interactions. The instrument was defined as = 1 if YOB > 1980. F-
Statistics in the 2SLS models were 8.6 for women, 9.5 for men, and 18.0 in the sample
with both sexes. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Sample
includes survey respondents who were citizens of Botswana, at least 18 years old at the
time of the surveys, born in or after 1975, and had a valid HIV test result. No weights were
used. Source: Botswana AIDS Impact Survey II (2004) and III (2008).
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Table 4: 2SLS Results: The Effect of Education on Sexual
Intercourse, Contraceptive Use, Fertility, HIV Testing Behavior, and
HIV Knowledge. (Panel A)

(1) (2)
Coefficient on Years of Schooling Female Male

Dependent Variable

Ever Had Intercourse (1=yes, 0=no) -0.007 0.056*

(0.027) (0.030)

Observations 3,965 3,050

F-Statistic 8.6 9.6

Proportion Ever Had Intercourse, Pre-Reform 0.962 0.932

Age at First Intercourse 0.761*** 0.065

(0.261) (0.209)

Observations 3,507 2,360

F-Statistic 11.9 10.4

Mean Age At First Intercourse, Pre-Reform 18.6 18.6

First sex ever: Did you use anything to protect yourself
(eg, condom)? (1=yes, 0=no)

0.127*** 0.055*

(0.047) (0.028)

Observations 3,582 2,458

F-Statistic 9.9 11.0

Proportion Protected, Pre-Reform 0.828 0.863

Ever Given Birth (1=yes, 0=no) -0.158*** -

(0.057) -

Observations 3,644 -

F-Statistic 10.0 -

Proportion Ever Given Birth, Pre-Reform 0.728 -

Have you ever been tested for HIV, the virus that causes
AIDS? (1=yes, 0=no)

0.110* 0.120**

(0.061) (0.052)

Observations 3,793 2,922

F-Statistic 7.7 7.9

Proportion Ever Tested, Pre-Reform 0.720 0.573

Indicator for knowledge of at least one HIV prevention
strategy (1=yes, 0=no)

-0.021 0.007

(0.020) (0.020)
Observations 3,791 2,919

F-Statistic 7.9 7.9
Proportion Yes on Indicator, Pre-Reform 0.949 0.952

All regressions are 2SLS models, in which exposure to the reform was used as
an instrument for years of schooling. All models included the following
controls: single-year age indicators, a linear term for year of birth, an indicator
for survey wave and indicators for district of birth. The instrument was defined
as = 1 if YOB > 1980. The indicator for knowledge of HIV prevention
strategies was defined as 1 if respondent could name at least one out of the six
following HIV prevention strategies: condoms, fewer partners, mutually
faithful relationship, abstinence, avoid injections with contaminated needles,
and avoid blood transfusions. Those responding "don't know" to an HIV
knowledge question were accounted for as incorrect. Standard errors in
parentheses. *** p<0.01, ** p<0.05, * p<0.1. Sample includes survey
respondents who were citizens of Botswana, at least 18 years old at the time of
the surveys, born in or after 1975, and had a valid HIV test result. No weights
were used. Source: Botswana AIDS Impact Survey II (2004) and III (2008).
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Table 4: 2SLS Results: The Effect of Education on HIV
Misperceptions, Number of Partners, HIV Discussion, HIV
Attitudes, Literacy, and Labor Force Participation. (Panel B)

(1) (2)
Coefficient on Years of Schooling Female Male

Dependent Variable

Indicator for any misperceptions about HIV (1=yes,
0=no)

-0.062 -0.038

(0.059) (0.043)

Observations 3,782 2,915

F-Statistic 7.2 7.6

Proportion Yes on Indicator, Pre-Reform 0.564 0.603

Indicator for 2 or more sexual partners in the last 12
months (1=two or more, 0=one or zero)

0.044 0.111**

(0.045) (0.051)
Observations 3,658 2,877

F-Statistic 6.3 8.5
Proportion Two or More on Indicator, Pre-Reform 0.115 0.232

During the past 4 weeks, have you discussed HIV/AIDS
with anyone?  (1=yes, 0=no or not sure)

0.003 0.087*

(0.060) (0.046)

Observations 3,791 2,918

F-Statistic 7.7 8.2

Proportion Which Discussed HIV/AIDS, Pre-Reform 0.484 0.471
Do you think it should be acceptable for a woman to

obtain male condoms?  (1=yes, 0=no or not sure)
0.080** 0.096**

(0.038) (0.039)

Observations 3,832 2,957

F-Statistic 9.6 9.0

Proportion Yes on Outcome, Pre-Reform 0.933 0.875
Can you read and understand a letter / newspaper / bible?

(1=easily, 0=no or with difficulty)
0.003 0.084***

(0.036) (0.023)

Observations 3,962 3,051

F-Statistic 8.7 9.7

Proportion Easily on Outcome, Pre-Reform 0.866 0.831

Labor Force Participation (1=yes, 0=no) 0.172** 0.048

(0.076) (0.039)

Observations 3,942 3,037

F-Statistic 8.4 9.3

Proportion Labor Force Participation, Pre-Reform 0.706 0.846

ressions are 2SLS models, in which exposure to the reform was used as an
instrument for years of schooling. All models included the following controls:
single-year age indicators, a linear term for year of birth, an indicator for survey
wave and indicators for district of birth. The instrument was defined as = 1 if
YOB > 1980. The indicator for any misperceptions was defined as 1 if
respondent incorrectly answered any of the following four questions: whether
HIV spreads via mosquitos, sharing a meal with an HIV+ person, due to
witchcraft, and whether a healthy looking person can be HIV+. Those
responding "don't know" to an HIV misconception question were accounted for
as incorrect. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Sample includes survey respondents who were citizens of Botswana, at least 18
years old at the time of the surveys, born in or after 1975, and had a valid HIV
test result. No weights were used. Source: Botswana AIDS Impact Survey II
(2004) and III (2008).
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Table 5: Cost-effectiveness Ratio of Secondary School and Known HIV
Prevention Interventions.

Intervention
Medical Male
Circumcision

Treatment as
Prevention

(CD4 ≥350/µL)

Pre-exposure
Prophylaxis

Antiretroviral
treatment (CD4

<350/µL)

Secondary
School

Cost-effectivness
Ratio ($ / infection

averted)
551; 1,096 8,375

12,500 - 20,000;
-6000 - 26,000

6,790 27,753

Study (year)

Kahn et al.
(2006),

Barnighausen
et al. (2012)

Barnighausen et
al. (2012)

Pretorius et al.
(2010), Hallett et

al. (2011)

Barnighausen et
al. (2012)

Authors (2014)
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APPENDIX

A. Description of Cost Effectiveness Calculations

The per-pupil-per-year cost of secondary education was $2,248 using the average of the 2005

and 2007 UNESCO Institute for Statistics estimates. Since Batswana who stayed in school for an

additional year had a 8.1 percentage point lower risk of HIV infection, the cost per HIV infection

averted was $27,753 USD. Standard cost-effectiveness benchmarks indicate that an intervention

is very cost-effective if it costs less than 1 x per capita GDP for each disability-adjusted life year

(DALY) averted.

We used a simple model to estimate the number of DALYs resulting from an HIV infection

under two scenarios: the person initiates ART when eligible; the person does not initiate

antiretroviral therapy (ART). We based all estimates on an infection occurring at age 20. Under

the “no ART scenario,” we assumed that HIV infection was followed by 7 years of

asymptomatic HIV (disability weight 0), one year of symptomatic HIV (disability weight 0.221),

two years of AIDS (disability weight 0.547), and then death, occurring ten years after initial

infection. Under the “ART scenario,” we assumed 7 years of asymptomatic HIV, one year of

symptomatic HIV, followed by 27 years of ART (disability weight 0.053). Disability weights

were obtained from the 2010 Global Burden of Disease (Salomon et al. 2012). To calculate

DALYs, we need an estimate of the number of life years that a person would live if he or she did

not contract HIV at age 20; we used WHO life table estimates for Botswana for 2009, indicating

a life expectancy of 45 years at age 20 (WHO 2012). Survival on ART was estimated as 75% of

“normal” life expectancy at age of ART initiation (36 years at age 30), based on published

estimates from neighboring South Africa (Johnson et al. 2013). We used per patient per year cost

estimates of $202 for pre-ART and $880 for ART published in Menzies et al. (2011).

Based on these inputs, and discounting both DALYs and costs at 3%, we estimated that an HIV

infection at age 20 would lead to: 16.3 DALYs for a person who did not initiate ART; and 3.5

DALYs for a person who initiated ART, with a present-discounted lifetime treatment cost of

$12,400. These estimates of lifetime treatment costs are of similar magnitude to an independent
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estimate of the present-discounted fiscal costs of an HIV infection in Botswana, projected at

twice GDP per capita (Lule & Haacker, 2012).

For the “no ART scenario”, we divided the $27,753 per infection averted by the 16.3 DALYs per

HIV infection in the absence of ART, yielding a cost-effectiveness ratio (CER) of $1,703

/DALY. For the “ART scenario”, we divided the net cost of secondary school ($27,753 -

$12,400 = $15,353) by the 3.5 DALYs per HIV infection with ART initiation when eligible,

yielding a CER of $4,387 /DALY. Each of these CERs is less than Botswana’s $5,178 per capita

GDP, implying that secondary school is very cost-effective as an HIV prevention intervention.

B. Additional Robustness Checks

Alternative Statistical Analyses

Table S7 in the Appendix displays ITT results using either logistic regression or standard errors

clustered at the year of birth level. The clustered standard errors were smaller than the non-

clustered standard errors.

Attrition and Consent Rates

One concern is that results could be biased by differential consent rates by birth cohort or by

selection bias from mortality risk associated with being born after 1980. Increased education may

have improved access to antiretroviral therapy, which became available in 2003 in Botswana;

however, this would lead to a higher HIV prevalence among those with more education, and

hence a bias against the direction of our results. Figure S2 shows the proportion of respondents

without an HIV test and the size of the surviving birth cohorts in the study sample. There was no

evidence of a post-1980 cohort effect in either of these variables that might bias our estimates.

We also assessed whether differential non-consent might have biased our results, by imputing

HIV status for respondents with missing HIV biomarker data among Batswana. Results using

imputed HIV estimates were similar to our main model. Further, we show in a regression context
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that consent rates do not change much with exposure to the reform. To do so, we ran the main

intention-to-treat regression model, but using “consent” as the outcome. Table S6 in the displays

ITT results for consent rates by sex and in the pooled sample. The small size of the effect is

unlikely to explain the large effects of schooling on HIV risk we observe. Lastly, we note that

the datasets we used do not contain information on interviewer identity, which would have

allowed us to use Heckman-type selection models to correct for selection on unobserved

variables (Bärnighausen et al. 2011).

Alternative Explanations

In our main results, we controlled non-parametrically for age, district of birth, and survey year

and included a linear trend for year of birth. Our identifying assumption is that there are no other

cohort-specific exposures that influence HIV risk for persons born after 1980, conditional on

long run trends in HIV risk across birth cohorts. This assumption could be violated if long run

trends are non-linear, or if some other intervention affected specific birth cohorts (or equivalent,

targeted specific age groups in specific years). First, to assess the robustness of our results to the

presence of non-linearities in long-run cohort trends in HIV risk, we controlled for a quadratic in

year of birth, quadratic term in age, and cubic spline in age in addition to the linear term included

in the main analysis. Second, we also estimated our main model for a narrower window of birth

cohorts – 1981 +/- 4, 5 years. The assumption that underlying trends are approximately linear is

more plausible the narrower the window of cohorts included. Third, to rule out the possibility

that other national policy changes might have affected HIV risk for the same cohorts, we used an

alternative identification strategy. The education policy reform would be expected to have the

greatest impact on years of schooling in those districts where a large fraction of students

completed exactly nine years of schooling in the pre-reform period. Figure S3 in the Appendix

displays educational attainment by districts with either a high or low proportion of people with

exactly nine years of schooling. We created an indicator for whether a subject’s district of birth

had high vs. low grade-nine completion, and used as our instrument the interaction of this

variable with the indicator for reform cohort, while controlling for the main effects of each

variable.
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Weighting

In analytical inference, the use of sample weights is subject to controversy. We added sample

weights to our main model as an additional robustness check. In all descriptive results, we used

sample weights.

Results of Robustness Checks

Tables 3 and S5 shows the robustness of our ITT and 2SLS results to additional controls in the

pooled sample and by sex, including a quadratic term in age, cubic spline in age, quadratic term

in year of birth, year of birth and survey year interactions, using sample weights, year of birth

and reform indicator interactions, narrower birth cohort windows, imputed HIV estimates and a

2SLS difference-in-difference estimator using an indicator for whether a subject’s district of

birth had high vs. low grade-nine completion. 2SLS estimates in robustness checks were similar

in direction and magnitude. In the pooled sample, using either a quadratic term in age, cubic

spline in age, quadratic term in year of birth, or a quadratic in year of birth with survey year

interactions, Batswana who stayed in school for an additional year had a 7 percentage point

lower risk of HIV infection (p = 0.048, p = 0.041, p = 0.014, and p = 0.010, respectively), using

year of birth and survey year interactions or sample weights they had a 8 percentage point lower

risk of HIV infection (p = 0.008 and p = 0.025, respectively). Using imputed HIV estimates, they

had a 9 - 11 percentage point lower risk of HIV infection depending on the use of additional

covariates, such as age at first intercourse, to impute HIV estimates (p = 0.045 and p = 0.036 ,

respectively). Using a narrower birth cohort of 1981 +/- 5 years and a 2SLS difference-in-

difference estimator, schooling appeared similarly protective but did not reach conventional

benchmarks for statistical significance. In women, however, using a 2SLS difference-in-

difference estimator, they had a 13 percentage point lower risk of HIV infection (p = 0.048).

Results in robustness checks by sex were otherwise similar to our main results above.
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D. Supplementary Figures

Figure S1: Participant Flow Diagram.

Diagram showing the flow of participants through the study’s inclusion and exclusion criteria. Source:
Botswana AIDS Impact Survey II (2004) and III (2008).
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Figure S2: Proportion without HIV Test Result, and Cohort Size.

Sample includes survey respondents who were citizens of
Botswana, at least 18 years old at the time of the surveys,
born between 1975 and 1985, and had a valid HIV test
result. (Proportion Without HIV Test Result: solid blue
line; Cohort Size: broken red line). Survey weights used as
provided. Source: Botswana AIDS Impact Survey II (2004)
and III (2008).

Figure S3: Educational Attainment by Birth Cohort and District in Botswana.

Pr(Educ > 10) is the probability that the respondent has
attained at least 10 years of schooling. Sample includes
survey respondents who were citizens of Botswana, at least
18 years old at the time of the surveys, born between 1975
and 1985, and had a valid HIV test result. Survey weights
used as provided. Source: Botswana AIDS Impact Survey II
(2004) and III (2008).
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E. Supplementary Tables

Table S1: OLS Regressions: Association Between Years of Schooling and HIV Status.
(1) (2) (3) (4) (5) (6) (7)

Coefficients on Schooling
Measures

Female Female Male Male Both
Sexes

Both
Sexes

Both
Sexes

Predictor

Years of Schooling -0.019*** -0.007*** -0.013***

(0.002) (0.002) (0.001)

Years of Schooling (0-9) 0.004 0.001 0.003

(0.004) (0.003) (0.002)

Years of Schooling (10-13) -0.045*** -0.022*** -0.036***

(0.006) (0.005) (0.004)

At Least 7 Years -0.003

(0.029)

At Least 8 Years 0.024

(0.045)

At Least 9 Years -0.007

(0.041)

At Least 10 Years -0.035*

(0.018)

At Least 11 Years -0.038*

(0.020)

At Least 12 Years -0.042**

(0.019)

At Least 13 Years -0.048***

(0.013)

Observations 3,965 3,541 3,053 2,658 7,018 6,199 7,018

R-squared 0.111 0.126 0.075 0.089 0.132 0.151 0.141

Sample includes survey respondents who were citizens of Botswana, at least 18 years old at the time of
the surveys, born in or after 1975, and had a valid HIV test result. All regressions include age dummies,
a linear term for year of birth, an indicator for survey wave and dummies for district of birth. Models 5
to 7 additionally control for age*sex, districtofbirth*sex, yearofbirth*sex and surveywave*sex
interactions. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. No weights used. Source:
Botswana AIDS Impact Survey II (2004) and III (2008).
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Table S2: First Stage Regressions: Effect of the Education Reform on
Years of Schooling.

(1) (2) (3) (4)
Coefficient on Reform Indicator Female Male Both Sexes Both Sexes

Dependent Variable

Years of Schooling 0·635*** 1·005*** 0·792***

(0·223) (0·322) (0·188)

At Least 7 Years of Schooling 0·026

(0·016)

At Least 8 Years of Schooling 0·043**

(0·019)

At Least 9 Years of Schooling 0·042**

(0·020)

At Least 10 Years of Schooling 0·249***

(0·024)

At Least 11 Years of Schooling 0·069***

(0·026)

At Least 12 Years of Schooling 0·082***

(0·026)

At Least 13 Years of Schooling 0·031

(0·020)

Observations 3,965 3,053 7,018 7,018

R-squared 0·034 0·033 0·036 -

All regressions include age dummies, a linear term for year of birth, an indicator for
survey wave and dummies for district of birth. Columns 3 and 4 additionally control
for age*sex, districtofbirth*sex, yearofbirth*sex and surveywave*sex interactions.
Standard errors in parentheses. *** p<0·01, ** p<0·05, * p<0·1. No weights used.
Sample includes survey respondents who were citizens of Botswana, at least 18 years
old at the time of the surveys, born in or after 1975, and had a valid HIV test result.
Source: Botswana AIDS Impact Survey II (2004) and III (2008).
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Table S6: Intention-To-Treat Results: The Effect of The Reform on No
Consent to HIV Test.

(1) (2) (3)

Subsample Female Male Both Sexes

Dependent Variable NoHIVConsent NoHIVConsent NoHIVConsent

Predictor

Reform Indicator 0.030 0.044 0.036*

(0.027) (0.032) (0.021)

Observations 5,442 4,395 9,837

R-squared 0.017 0.015 0.017

Mean Dependent Variable, Pre-Reform 0.279 0.290 0.284

All regressions are OLS models, which include age dummies, a linear term for year of
birth, an indicator for survey wave and dummies for district of birth. Model 3 additionally
controls for age*sex, districtofbirth*sex, yearofbirth*sex and surveywave*sex
interactions. The indicator for no HIV consent was defined as 1 if no HIV test result was
available, excluding invalid results (eg, indeterminate result, insufficient volume of blood
withdrawn). Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. No weights
used. Sample includes survey respondents who were citizens of Botswana, at least 18
years old at the time of the surveys, and born in or after 1975. Source: Botswana AIDS
Impact Survey II (2004) and III (2008).

Table S7: Intention-To-Treat Results: Using Logistic Regression and SE’s Clustered at
the YOB Level.

(1) (2) (3) (4) (5) (6)

Coefficient on Reform Indicator Female Male
Both
Sexes Female Male

Both
Sexes

Dependent Variable

HIV-Positive -0.050* -0.049* -0.049** -0.074*** -0.050*** -0.064***

(0.030) (0.027) (0.021) (0.023) (0.014) (0.017)

Observations 3,965 3,053 7,018 3,965 3,053 7,018

R-squared - - - 0.095 0.069 0.122

Proportion HIV positive, Pre-Reform 0.316 0.171 0.254 0.323 0.168 0.255

Models 1 to 3 are logistic regression models (marginal effects reported). Models 4-6 are OLS models
clustering standard errors at the YOB level. All models include age dummies, a linear term for year of
birth, an indicator for survey wave and dummies for district of birth. Models 3 and 6 additionally
control for age*sex, districtofbirth*sex, yearofbirth*sex and surveywave*sex interactions. The
instrument was defined as = 1 if YOB > 1980. Standard errors in parentheses. *** p<0.01, ** p<0.05,
* p<0.1. Sample includes survey respondents who were citizens of Botswana, at least 18 years old at
the time of the surveys, born in or after 1975, and had a valid HIV test result. No weights were used.
Source: Botswana AIDS Impact Survey II (2004) and III (2008).
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Table S8: Intention-To-Treat Results: The Effect of the Reform on an Indicator for Age
at First Intercourse by Age 16, 18, 20, or 22.

(1) (2) (3) (4)

Dependent Variable

Indicator for Age
at First

Intercourse < 16
(1=yes, 0=no)

Indicator for Age
at First

Intercourse < 18
(1=yes, 0=no)

Indicator for Age
at First

Intercourse < 20
(1=yes, 0=no)

Indicator for Age
at First

Intercourse < 22
(1=yes, 0=no)

Coefficient on Reform Indicator

Female -0.091*** -0.116*** -0.083*** -0.018

(0.029) (0.036) (0.025) (0.012)

Observations 3,507 3,507 3,507 3,507

R-squared 0.041 0.104 0.073 0.053

Mean Dependent Variable, Pre-Reform 0.187 0.544 0.850 0.963

Male 0.027 -0.039 -0.046 0.001

(0.041) (0.044) (0.032) (0.020)

Observations 2,360 2,360 2,360 2,360

R-squared 0.046 0.105 0.108 0.080

Mean Dependent Variable, Pre-Reform 0.228 0.491 0.789 0.931

Both Sexes -0.044* -0.085*** -0.068*** -0.011

(0.024) (0.028) (0.020) (0.011)

Observations 5,867 5,867 5,867 5,867

R-squared 0.047 0.105 0.092 0.071

Mean Dependent Variable, Pre-Reform 0.205 0.522 0.824 0.949

All regressions are OLS models, which include age dummies, a linear term for year of birth, an indicator for survey wave and
dummies for district of birth. Models for both sexes additionally control for age*sex, districtofbirth*sex, yearofbirth*sex and
surveywave*sex interactions. The instrument was defined as = 1 if YOB > 1980. Standard errors in parentheses. *** p<0·01, **
p<0·05, * p<0·1. Sample includes survey respondents who were citizens of Botswana, at least 18 years old at the time of the
surveys, born in or after 1975, and had a valid HIV test result. No weights were used. Source: Botswana AIDS Impact Survey II
(2004) and III (2008).
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