PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Werner LK, Ludwig J-0, Sie A, Bagagnan
CH, Zabré P, Vandormael A, et al. (2022) Health
and economic benefits of secondary education in
the context of poverty: Evidence from Burkina
Faso. PLoS ONE 17(7): e0270246. https://doi.org/
10.1371/journal.pone.0270246

Editor: Jessica Leight, IFPRI, UNITED STATES
Received: January 17, 2021

Accepted: June 7, 2022

Published: July 6, 2022

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0270246

Copyright: © 2022 Werner et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: This was a complete
case analysis, and all analyses were conducted in
Stata MP 15.1 (StataCorp; College Station, TX).
HDSS data are available in form of a limited dataset
via https://doi.org/10.7910/DVN/10ITCD; for more

RESEARCH ARTICLE

Health and economic benefits of secondary
education in the context of poverty: Evidence
from Burkina Faso

Luisa K. Werner2#, Jan-Ole Ludwig'-3, Ali Sie?, Cheik H. Bagagnan?, Pascal Zabré'*,
Alain Vandormael', Guy Harling®>%7%°, Jan-Walter De Neve®'*, Giinther Fink'%''*

1 Heidelberg Institute of Global Health, Medical Faculty and University Hospital, University of Heidelberg,
Heidelberg, Baden-Wiirttemberg, Germany, 2 Medical Faculty and University Hospital, University of Freiburg,
Freiburg im Breisgau, Baden-Wirttemberg, Germany, 3 Medical Faculty and University Hospital, University of
Heidelberg, Heidelberg, Baden-Wirttemberg, Germany, 4 Health Research Centre of Nouna, Ministry of Health,
Nouna, Kossi Province, Boucle du Mouhoun Region, Burkina Faso, 5 Department of Epidemiology, Harvard T.
H. Chan School of Public Health, Boston, Massachusetts, United States of America, 6 Harvard Center for
Population and Development Studies, Harvard University, Cambridge, Massachusetts, United States of
America, 7 Africa Health Research Institute, Congella, Durban, South Africa, 8 Institute for Global Health,
University College London, Royal Free Hospital, London, United Kingdom, 9 MRC/Wits Rural Public Health and
Health Transitions Research Unit, University of Witwatersrand, Agincourt, Bushbuckridge Local Municpality,
Johannesburg, South Africa, 10 Swiss Tropical and Public Health Institute, Basel, Basel-Stadt, Switzerland,

11 University of Basel, Basel, Basel-Stadt, Switzerland

F JWDN and GF are joint senior authors on this work.
* |uisa.katharina@gmx.de

Abstract

Even though formal education is considered a key determinant of individual well-being glob-
ally, enroliment in secondary schooling remains low in many low- and middle-income coun-
tries, suggesting that the perceived returns to such schooling may be low. We jointly
estimate survival and monetary benefits of secondary schooling using detailed demographic
and surveillance data from the Boucle du Mouhoun region, Burkina Faso, where national
upper secondary schooling completion rates are among the lowest globally (<10%). We first
explore surveillance data from the Nouna Health and Demographic Surveillance System
from 1992 to 2016 to determine long-term differences in survival outcomes between sec-
ondary and higher and primary schooling using Cox proportional hazards models. To esti-
mate average increases in asset holdings associated with secondary schooling, we use
regionally representative data from the Burkina Faso Demographic Health Surveys (2003,
2010, 2014, 2017-18; N = 3,924). Survival was tracked for 14,892 individuals. Each year of
schooling was associated with a mortality reduction of up to 16% (95% CI 0.75-0.94), imply-
ing an additional 1.9 years of life expectancy for men and 5.1 years for women for secondary
schooling compared to individuals completing only primary school. Relative to individuals
with primary education, individuals with secondary or higher education held 26% more
assets (SE 0.02; Cl 0.22-0.30). Economic returns for women were 3% points higher than
male returns with 10% (SE 0.03; Cl 0.04—0.16) vs. 7% (SE 0.02; Cl1 0.02-0.012) and in rural
areas 20% points higher than in urban areas with 30% (SE 0.06; Cl 0.19-0.41) vs. 4% (SE
0.01; C1 0.02-0.07). Our results suggest that secondary education is associated with sub-
stantial health and economic benefits in the study area and should therefore be considered
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by researchers, governments, and other major stakeholders to create for example school
promotion programs.

Introduction

Education is widely considered as one of the main determinants of socioeconomic status yield-
ing large benefits for the individual [1] as well as on a community level [2, 3]. Education is not
only a key predictor of income [4] but has also been linked to many aspects of health. In low-
resource settings, increased secondary schooling has been shown to lower HIV-infection risk
[5], reduce child mortality [6, 7], and increase adult life expectancy [6-8]. In high-income set-
tings, increases in compulsory education reforms have been shown to reduce adult mortality
[9], and to increase life expectancy [10].

While substantial improvements in primary schooling have been achieved during the MDG
era [11], the ambitious secondary school enrolment targets specified within the Sustainable
Development Goals (SDGs) seem hard to achieve in some parts of the world [12]. Secondary
schooling participation rates remain particularly low in sub-Saharan Africa, where only 42%
enter last grade of lower secondary education [13]. School dropout may occur due to economic
[14, 15] and social reasons [16]; as well as “external”—e.g. security issues, distance to school-
and/or “internal” factors—e.g. poor school quality [17]. Even though the health and economic
returns to secondary education in low-income settings are generally considered high [6-8],
perceptions of low or negative returns to schooling, particular in poor rural areas, may be an
additional reason why adolescents discontinue formal education [18-20].

In this paper, we estimate economic and survival benefits of secondary education vs. primary
education in poor rural areas of sub-Saharan Africa using detailed demographic surveillance data
from Burkina Faso. Rather than just focusing on economic returns to schooling, we assess both
the links between schooling and life expectancy, and the links between schooling and asset hold-
ings. We study this question in a particular context, where upper secondary schooling completion
rates are among the lowest globally (< 10% in 2013/14) [21]. To do so, we explore almost 25 years
of surveillance data from the Nouna Health and Demographic Surveillance System (HDSS), in
rural Burkina Faso, to determine long-run differences in survival outcomes across educational
attainment levels. In a second analysis, we estimate economic benefits from schooling using mul-
tiple rounds from the Burkina Faso Demographic Health Surveys (DHS) data, and subsequently
compare the health and wealth benefits of increased education in the region.

Study context

This study was conducted in Boucle du Mouhoun region, north-west of Burkina Faso. The
school system in Burkina Faso consists of a “6-4-3-system” with 6 years of primary, 4 years of
lower secondary and 3 years of upper secondary schooling. Burkina’s upper secondary school
completion rate (<10% in 2013/14) is among the lowest in the world, with particularly low sec-
ondary schooling rates in rural areas and among girls [13, 21-23]. Burkina Faso’s gross domes-
tic product per capita (GDPPC) was USD 822 in 2019 (constant 2010 USD) [24]. The GDP is
mainly created in the service sector (43.6%), one third comes from agriculture and one fifth
from industry [25, 26]. In the Nouna HDSS in the region Boucle du Mouhoun most people
live in rural areas and work in agriculture and animal husbandry [27]. The semi-urban town
of Nouna has better access to the education and health system than the surrounding villages
[27]. Life expectancy at birth in Burkina Faso rose from around 50 years in 2000 to 61 years in
2018 [28].
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Data description
Nouna health and demographic surveillance survey data

The Nouna HDSS covers a population of 105,000 habitants with a mainly rural population [27,
29]. The Nouna HDSS is managed by the Health Research Centre of Nouna (Centre de Recherche
en Santé de Nouna—CRSN) which has collected data since 1992 (initial census) and control cen-
sus’ in 1994, 1998 and 2009 [29]. The surveillance site was extended in 2000 and in 2004, now
counting 58 villages vs. 39 in the initial census and the city of Nouna [29, 30]. Vital events were
collected up to 3 times (every 120 days) per year besides other information such as verbal autop-
sies and household questionnaires among others [29]. The sampling strategy for the collection of
information on educational status could not be reconstructed; information on educational status
was given for almost one third of the total sample. See S1 Table for missingness. Additional
details on the Nouna HDSS, data collection, and cohort are available elsewhere [27, 29-31]. For
the current analysis, we extracted data on sex, age, education, survival status, time of visit, and
migration status. Individuals entered the study when first observed and exited in case of death,
migration out of the Nouna HDSS or other reasons. All individuals observed for at least 1 year (at
least 2 observations) with complete data on variables of interest (age, sex, educational attainment,
self-reported survival status) who were a (former) resident of the Nouna HDSS in the period 1992
to 2016, and born in or before 1980 were included in our analysis. We limited our sample to
those born before 1980 to study old-age survival. Our final sample included 14,892 individuals
with a mean observation time of 11.7 years (range: 1.0-24.6 years).

Demographic and Health Survey (DHS) data

To estimate the economic benefits of education, we used multiple Burkina Faso DHS surveys
with data on sub-national administrative units (2003, 2010, 2014, and 2017-18). DHS are
nationally representative household surveys and cover all regions of Burkina Faso. Additional
details on the DHS surveys have been described elsewhere [32]. To improve comparability
with the Nouna HDSS data, we only included individuals from the Boucle du Mouhoun
region, where the Nouna HDSS is located [29]. Data were extracted on sex, age, education,
household wealth assets, geographical region, sampling weights, date of interview, number of
household members, type of place of residence (rural/urban), and marital status, using infor-
mation from the DHS household recode, personal recode and individual recode files. The
DHS did not collect information on income because a majority of the population in this low-
resource setting engages in subsistence farming or depend on informal jobs with irregular
incomes. We included all working-age individuals (defined as 25 to 64 years), with complete
data on educational attainment in the household roster. Information on educational status was
given for 3,924 out of 5,043 working age individuals. The last two Burkina Faso survey rounds
were Malaria Indicator Surveys (MIS) which do not collect educational information for men.
See S1 Fig for a study participant flow diagram. Sampling weights were used for the creation
of asset quintiles as outlined in DHS (2021).

Statistical analysis

Our analysis proceeded in two steps. First, we conducted a survival analysis using Cox propor-
tional hazards regression models and the Nouna HDSS dataset. Second, we estimated wealth
regression using a Mincer equation and DHS data. S2 Fig displays a conceptual framework
underlying our analysis.
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Survival analysis

To determine the relationship between education and survival status, we employed a multivari-
able Cox proportional hazards model. The Cox proportional hazards model is a survival model
that allows the hazard of a certain event (here: death) to change over time under the condition
that the hazard ratios in between the different groups stay the same (proportional- hazards
assumption) [33]. In our application, the Cox proportional hazards model describes the hazard of
“all-cause mortality” (outcome) while assuming that the hazards in between the different school-
ing groups remain the same. In the HDSS, information on educational attainment was collected
for a subsample of 14,892 individuals. Most individuals entered the HDSS between 1990 and 2000
—this entry in the HDSS constitutes the beginning of the survival analysis. Observation periods
end (censoring occurs) when individuals migrated out of the HDSS or exited the study for other
reasons. Our primary exposure of interest was educational attainment. Due to a limited number
of individuals in the higher education categories we used education as continuous variable instead
of categorizing educational attainment as in subsequent analyses. We also predicted life expec-
tancy for three levels of educational attainment defined as either no schooling, at least some pri-
mary schooling (1 to 6 years of schooling), or at least some secondary schooling and higher (7

+ years of schooling). Our analysis focused on the full sample (‘basic model’, with years of birth
between 1900 and 1980) as well as three birth cohorts, including individuals born between (i) 1%
January 1940 and 31* December 1949, (ii) 1* January 1950 and 31* December 1959, and (iii) 1*
January 1960 and 31* December 1969. In all analyses, we controlled for sex. Additionally, we con-
trolled for year of birth in our ‘basic model’. We assessed survival benefits separately by urban
(city of Nouna) vs. rural (surrounding villages).

Wealth regression

We use asset ownership as a proxy for permanent income and estimate average increases in
asset holdings associated with additional education. Asset quintiles were used as outcome in
standard Mincer regression models to estimate returns to education [34-36]. The Mincer
equation expresses log earnings as a function of years of schooling and a quadratic labor mar-
ket experience term. We abstained from including more controls in the equation as this might
exacerbate bias already existent in the data [34, 37]. We categorized educational attainment
into three groups: no schooling (<1 year), primary schooling (1 to 6 years of schooling), and
secondary schooling and higher (7 and more years of schooling). Individuals having at least
started primary school were chosen as reference group to compare income benefits associated
with secondary schooling to those associated with primary schooling. We provide results for a
continuous education variable (years) in S2 Table. Wealth regressions were performed for all
working age individuals (25 to 64 years of age) with complete information on education. 1,119
working age individuals had no data on education leaving an analytical sample of 3,924 indi-
viduals for the Boucle du Mouhoun region. We adjusted for age, as a proxy for labor market
experience, age squared as part of the Mincer equation and DHS survey year. For methodology
and estimation of predicted incomes and relative health and financial returns see S1 File.

Results
Sample description HDSS data

As summarized in Table 1, a total of 14,892 individuals were included in the survival analysis.
51.2% were men and 47.9% were women. Median age of women was around one year higher
than that of men when first enrolled in the HDSS (33 compared to 32 years). Median years of
schooling was highest for men (3 years) ranging from 0-22 years compared to a median of 0
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Table 1. Baseline characteristics of the HDSS complete case dataset.

Subsample Female Male Both sexes
N or median (IQR) (% or range) | N or median (IQR) (% or range) | N or median (IQR) (% or range)

Characteristic
Number of subsequent deaths 843 - (11.8%) 991 - (12.8%) 1,834 - (12.3%)
Age at first visit (years) 33 (25-46) (11-99) 32 (24-42) (11-99) 32 (25-44) (11-99)
Schooling (years) 0 (0-4) (0-20) 3 (0-6) (0-22) 0 (0-6) (0-22)
Highest schooling attainment

None (0 years) 4,889 - (68.6%) 3,541 - (45.6%) 8,430 - (56.6%)

Primary (1-6 years) 1,451 - (20.3%) 2,560 - (33.0%) 4,011 - (26.9%)

Secondary (7+ years) 791 - (11.1%) 1,660 - (21.4%) 2,451 - (16.4%)
Observations 7,131 - (47.9%) 7,761 - (52.1%) 14,892 - (100.0%)

Notes: All 14,892 individuals were followed over the years 1992-2016. Data are from the Nouna Health and Demographic and Surveillance (HDSS), Burkina Faso. IQR:
Interquartile range.

https://doi.org/10.1371/journal.pone.0270246.t001

years for women (range: 0-20 years). Most individuals had no formal education (45.6% of
men and 68.6% of women), with less than one fifth of individuals attaining 7 or more years of
schooling (at least some secondary education). Characteristics of the 1940s, 1950s and 1960s
cohorts are summarized in S3 Table.

Survival benefits: Survival analysis

Table 2 shows the results of our survival analysis using Cox proportional hazards models.
Controlling for sex and year of birth we found that each year of school was associated with a
3.6% reduction in the mortality hazard (aHR 0.96, 95% Confidence Interval [CI] 0.95-0.98).
Female mortality was generally lower than male mortality (‘Basic model’: aHR 0.73; CI 0.66-
0.80). When we stratified results by decade of birth, largest mortality reductions were observed
for the 1950-59 cohort (aHR 0.94; CI 0.91-0.98).We also found larger survival benefits for the

Table 2. Survival analysis: Adjusted hazard ratios (95% CI) from multivariate Cox regression models with death as outcome variable.

Birth Cohort All 1940-49 1950-59 1960-69
Basic model Total Urban Rural Total Urban Rural Total Urban Rural
Variable
Educational Attainment 0.96"** 0.96"* 0.95** 0.87* 0.94*** 0.92%** 0.96 0.96* 0.96* 0.84***
(0.95-0.98) | (0.92-1.00) | (0.91-0.99) | (0.75-1.01) | (0.91-0.98) | (0.88-0.97) | (0.89-1.03) | (0.93-1.00) | (0.92-1.00) | (0.75-0.94)
Female sex 0.73%** 0.59*** 0.43*** 0.8 0.60*** 0.68"* 0.48*** 0.64*** 0.56** 0.7
(0.66-0.80) | (0.48-0.73) | (0.33-0.57) | (0.58-1.11) | (0.47-0.78) | (0.49-0.95) | (0.32-0.73) | (0.48-0.86) | (0.38-0.82) | (0.45-1.10)
Observations 14,892 1,372 819 553 1,980 1,034 946 3,282 1,788 1,494

Notes: The ‘basic model’ includes years of birth 1900-1980. The sample of the three cohorts included 6,634 individuals. All individuals were followed over the years
1992-2016. Adjusted Hazard Ratios (aHR) from multivariable Cox regressions for the relationship between educational attainment (per additional year of schooling)
and death (outcome variable). Confidence intervals in parentheses.

*** p<0.01

** p<0.05

* p<0.1.

In the basic model we controlled for year of birth. Data are from the Nouna Health and Demographic and Surveillance (HDSS), Burkina Faso. Sample sizes were low for

rural areas in two cohorts.

https://doi.org/10.1371/journal.pone.0270246.t002
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Table 3. Conditional life expectancy for individuals aged 23 to 114 years in years by sex and educational group.

Male Female
Highest schooling attainment
none (0 years) 70.8 74.7
primary (1-6 years) 72.6 79.5
secondary and higher (7+ years) 74.5 84.6
Mean 71.6 76.8
Median 70.8 74.7

Notes: Median life expectancy predicted from a pooled sample of individuals born between 1902 and 1969 from the
Nouna Health and Demographic and Surveillance (HDSS) data, separately for men and women. Life expectancies
reflect conditional probabilities among adults aged 23 to 114 in the Nouna HDSS data.

https://doi.org/10.1371/journal.pone.0270246.t003

rural compared to the urban population with mortality reductions of 13.3% and 16.2% in the
1940-49 and 1960-69 cohorts (‘Rural 1940-49: aHR 0.87, CI 0.75-1.01 and ‘Rural 1960-69’:
aHR 0.84, CI 0.75-0.94; ‘Urban 1940-49’: aHR 0.95, CI 0.91-0.99 and ‘Urban 1960-69’: aHR
0.96, CI 0.92-1.00). S3 Fig shows exemplarily with Kaplan Meier curves that individuals with
at least some schooling born in year 1940 and 1950 get older than individuals having received
no schooling. Table 3 shows median life expectancies for individuals aged 23 to 114 years by
educational attainment level. Secondary- and higher-schooled men and women lived on aver-
age 1.9 and 5.1 years longer than primary-schooled men and women, respectively.

Sample description DHS data

Sample characteristics for individuals from the Boucle du Mouhoun region surveyed in the
DHS are shown in Table 4. 3,924 individuals were analyzed. 61.8% of respondents were
female, with a slightly higher median age for men than for women (38 and 36 years respec-
tively). Median schooling was 0 years with almost 80% of women and two thirds of men not
having attended school. About one fifth of men and less than 10% of women went to second-
ary school. Median estimated yearly income was 883 USD with about USD 300 higher incomes
for men than for women (USD 1,066 vs. USD 757).

Economic benefits: Wealth regressions

Fig 1 shows the basic relationship between schooling and increase in asset holdings. Table 5
shows the results for the wealth regressions. On average, secondary or higher schooling was
associated with an increase in asset holdings of 26% (SE 0.02; CI 0.22-0.30) in the pooled sam-
ple. Returns for women were 3% points higher than male returns: 10% (SE 0.03; CI 0.04-0.16)
vs. 7% (SE 0.02; CI 0.02-0.012). The difference between rural and urban residents was even
higher with more than 20% points difference: 30% (SE 0.06; CI 0.19-0.41) vs. 4% (SE 0.01; CI
0.02-0.07). Results were similar when analyzing the nationally representative dataset (S4
Table). For wealth regressions by year of educational attainment instead of educational attain-
ment categories, see S2 Table. For results for Burkina Faso see S4 and S5 Tables.

Discussion

In this paper, we have used surveillance data from the Nouna HDSS and repeated cross-sec-
tional data from the DHS to estimate the associations between secondary schooling, health,
and incomes. We show that on average life expectancy for women with secondary or higher
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Table 4. Selected characteristics of the DHS sample, Boucle du Mouhoun region.

Subsample Male Female Both Sexes
N or median (IQR) (% or range) | N or median (IQR) (% or range) | N or median (IQR) (% or range)

Characteristic
Age (years) 38 (30-47) (25-64) 36 (30-45) (25-64) 37 (30-45) (25-64)
Schooling (years) 0 (0-6) (0-18) 0 (0-0) (0-18) 0 (0-3) (0-18)
Highest schooling attainment

none (0 years) 900 - (60.0%) 1,901 - (78.4%) 2,801 - (71.4%)

primary (1-6 years) 292 - (19.5%) 295 - (12.2%) 587 - (15.0%)

secondary (7+ years) 307 - (20.5%) 229 - (9.4%) 536 - (13.7%)
Income estimate (USD) 1,066 (475-1,506) | (166-2,860) 757 (475-1,461) | (166-2,939) 883 (475-1,506) | (166-2,939)
Observations 1,499 - (38.2%) 2,425 ; (61.8%) 3,924 . (100.0%)

Notes: Individuals were surveyed in the Burkina Faso Demographic and Health Surveys (DHS) of 2003, 2010, 2014, and 2017-18. Income was estimated based on each
household’s relative position in the wealth distribution of the country. No sampling weights were used for descriptive statistics. IQR: interquartile range. USD: Constant
2011 international US Dollar.

https://doi.org/10.1371/journal.pone.0270246.t1004

education is 5 years higher than life expectancy for women with only primary school; for men,
the difference is about 2 years. We also show that the financial returns to secondary school are
high, with an increase in asset quintiles of 26%. Benefits seemed to be generally higher for

4 4.5
|

Increase in Asset Quintile per Year
35
1

T
10

15

Educational Attainment (years)

95% Cl

Asset Quintiles

20

Fig 1. Economic analysis. Estimated increase in asset ownership by educational attainment level in the Boucle du
Mouhoun region, Burkina Faso. Notes: Asset ownership by year of educational attainment based on OLS regression
results from Mincer Earnings regressions, controlling for age, age squared and DHS survey year. Source: data for the
Boucle du Mouhoun region using the Burkina Faso Demographic and Health Surveys (DHS) of 2003, 2010, 2014, and
2017-18 (N = 3,924). 54 Fig in the appendix shows results for the full (nationally representative) dataset of Burkina

Faso.

https://doi.org/10.1371/journal.pone.0270246.9001
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Table 5. Economic analysis: Results from OLS wealth regression models for the Boucle du Mouhoun region, Burkina Faso.

Basic Model Stratified by Sex Stratified by Type of Place of Residence
Variable Males Females Urban Rural
Age 0.01* 0.02*** 0.01* 0.00 0.02***
(0.01; 0.00-0.02) (0.01; 0.01-0.04) (0.01; -0.00-0.03) (0.01; -0.01-0.01) (0.01; 0.01-0.04)
Educational Attainment
No schooling -0.28*** -0.15*** -0.17+** -0.06** -0.12%**
(0.02; -0.32 - -0.24) (0.03; -0.21 - -0.10) (0.03; -0.22 - -0.12) (0.02; -0.09 - -0.02) (0.03; -0.18 - -0.06)
Primary schooling Reference group
Secondary or higher 0.26*** 0.07*** 0.10%** 0.04*** 0.30%**
(0.02; 0.22-0.30) (0.02; 0.02-0.12) (0.03; 0.04-0.16) (0.01; 0.02-0.07) (0.06; 0.19-0.41)
Observations 3,924 1,499 2,425 1,449 2,475
R-squared 0.15 0.38 0.27 0.25 0.04

Notes: A total of 3,924 individuals were surveyed in 2003, 2010, 2014, and 2017-18. The dependent variable was Ln (asset quintile). Coefficients represent the yearly

increase in asset ownership on a natural logarithmic scale. Robust standard errors (SE) and 95% Confidence Interval (CI) in parentheses (SE; CI).

“** p<0.01
** p<0.05

* p<0.1. In all models we controlled for age squared; in the stratified models we additionally controlled for survey round. OLS: ordinary least squares.

https://doi.org/10.1371/journal.pone.0270246.t005

women and rural areas than those for men and urban areas. The higher returns to secondary
education could be interpreted as evidence for education being particularly productive in
groups where such education is scarce. It is also possible, that the additional educational
opportunities after secondary schooling-such as vocational training-may be particularly
attractive for women [38]. The relatively high returns to secondary education may of course
also represent marriage outcomes, with more highly educated women much more likely to
marry somebody with high socioeconomic status.

Our results suggest that both—wealth and health benefits—clearly make a major contribu-
tion to overall improvements in livelihoods. Only focusing on wealth gains will clearly under-
estimate the total benefits of staying in school.

The results presented here build on recent research showing that average rates of return are
high in general and especially in sub-Saharan Africa (e.g., 12,5% in Montenegro et al, 2014),
and that adolescents enrolled in school have a wide range of improved health outcomes com-
pared to their peers in this setting [4, 39, 40]. Concerning the magnitude of health benefits,
Gathmann, Jiirges et al. (2015) estimate a 2.0% reduction in 20-year-mortality rate for only
men and Lleras-Muney (2005) [41] a 10-year mortality rate reduction by 1.3 to 3.6% per addi-
tional year of education. Those results are similar to our estimations finding a 3.6% reduction
in the mortality hazard. Perceived returns to education are high among other key stakeholders
in the demographic surveillance area, such as parents, teachers, as well as health workers [42].
There appears to be a general consensus in literature that women receive higher economic
benefits than men (for example an average rate of return of 14,6% for women vs, 11,3% for
men) [4, 8, 43, 44] in line with our findings. Peet et al. (2015) found lower benefits for rural
areas contrary to our findings. Concerning returns to schooling according to schooling level,
Barouni and Broecke (2014) found higher returns for higher (secondary and tertiary) school-
ing than for primary schooling similar to the current paper, while Psacharopoulos (1985)
found highest returns for primary education in the past. This might show a tendency towards
higher returns for higher schooling levels. Concerning the methodology, most studies on
returns to schooling use the discounting method or Mincer regression similar to us [39].
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Literature on returns to education is large—estimates from this setting are however rare [45,
46]. Most of these studies, however, focus on either survival [3] or economic benefits [47, 48].
To our knowledge, only one study to date examines both monetary and non-pecuniary returns
to schooling, but in a high-resource setting [49].

A key strength of the analysis is the combination of 25 years of longitudinal data on adult
survival with detailed cross-sectional data from the region. This link allows us to comprehen-
sively analyze the long-term outcomes related to education. Future research should take into
consideration different dimensions of returns to education, and not concentrate on economic
returns alone. Our results suggest that secondary schooling holds significant potential for
increasing general life expectancy and earnings and should therefore be considered by
researchers, governments, and other major stakeholders to create for example school promo-
tion programs with different incentives. Formal schooling as part of human capital empowers
individuals and thereby societies and helps to translate knowledge into progress. We suggest
replicating similar analyses across multiple sites (e.g., HDSS sites) to compare and corroborate
our results. Further research will be needed to understand the main barriers to secondary
schooling access in this low-resource setting.

Study limitations

Our analysis has several limitations. First, data on educational attainment was not collected for
all individuals, which means that the results presented may not necessarily be representative of
the entire Boucle du Mouhoun community. Second, our life expectancy estimates do not rep-
resent life expectancy at birth but rather conditional life expectancies as adults and are thus
not directly comparable to national life expectancy estimates. Given that secondary education
becomes only relevant in adolescence, we believe that the focus on adult survival outcomes is
well justified in our analysis. Third, we only had data on years of schooling, while other aspects
of schooling, and schooling quality in particular, are likely also important [50]. Similarly, lim-
ited data was available in the HDSS data on other health outcomes beyond survival. Education
may have additional health benefits, such as improved mental health, which may not be fully
captured in our survival data. Conversely, our definition of “return” does not account for the
short-term cost faced by adolescents and families as no data was available on expenditures
linked to schooling. Fourth, our research design is observational by construction and does not
allow causal inference. Fifth, endogenous selection bias cannot be excluded: Wealthy individu-
als for example might select into education and bias health and income benefits positively, or
very intelligent individuals who might bias stronger income than mortality results.

Conclusions

Using almost 25 years of surveillance data from the Nouna HDSS and cross-sectional data
from the DHS, we found that the returns to secondary schooling in rural Burkina Faso are
high both in terms of lifetime income and in terms of life expectancy. Women and men with
secondary or higher schooling experienced a 26% increase in wealth quintiles and lived 2 to 5
years longer than individuals completing only primary education. Despite these large benefits,
less than 10% of adolescents currently finish secondary schooling in this setting [21]. Further
research is urgently needed to identify the most effective strategies for reaching the ambitious
SDG goals for secondary schooling.

Supporting information

S1 File. Predicted incomes and relative health and financial returns to education.
(ZIP)

PLOS ONE | https://doi.org/10.1371/journal.pone.0270246  July 6, 2022 9/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s001
https://doi.org/10.1371/journal.pone.0270246

PLOS ONE

Health and economic benefits of secondary education in the context of poverty

S1 Fig. Study participant flow diagram DHS sample Boucle du Mouhoun region.
(DOCX)

S2 Fig. Framework of statistical analysis.
(DOCX)

S3 Fig. Survival according to schooling—Kaplan Meier graphs.
(DOCX)

$4 Fig. Wealth analysis: Estimated income increase by educational attainment for entire
Burkina Faso.
(DOCX)

S1 Table. Missingness table Nouna HDSS.
(DOCX)

S2 Table. Wealth regressions for Boucle du Mouhoun, Burkina Faso with education as con-
tinuous variable.
(DOCX)

§3 Table. Sample characteristics of cohorts followed over time.
(DOCX)

S4 Table. Wealth regressions for entire Burkina Faso with education as categorized vari-
able.
(DOCX)

S5 Table. Earnings regressions for entire Burkina Faso with education as continuous vari-
able.
(DOCX)

Acknowledgments

We appreciate assistance provided by the CRSN and the Heidelberg Institute of Global Health.
We want to especially acknowledge the process of data collection done by the CRSN and the
kind sharing of this data for our analysis.

Author Contributions

Conceptualization: Jan-Walter De Neve, Giinther Fink.

Data curation: Luisa K. Werner, Jan-Ole Ludwig, Cheik H. Bagagnan, Pascal Zabré.
Formal analysis: Luisa K. Werner, Jan-Ole Ludwig.

Funding acquisition: Jan-Walter De Neve.

Investigation: Ali Sie, Cheik H. Bagagnan, Pascal Zabré.

Methodology: Luisa K. Werner, Jan-Ole Ludwig, Giinther Fink.

Project administration: Jan-Walter De Neve, Giinther Fink.

Resources: Ali Sie, Cheik H. Bagagnan, Pascal Zabré.

Supervision: Jan-Walter De Neve, Giinther Fink.

Validation: Jan-Walter De Neve, Giinther Fink.

PLOS ONE | https://doi.org/10.1371/journal.pone.0270246  July 6, 2022 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270246.s010
https://doi.org/10.1371/journal.pone.0270246

PLOS ONE

Health and economic benefits of secondary education in the context of poverty

Visualization: Luisa K. Werner.

Writing - original draft: Luisa K. Werner.

Writing - review & editing: Jan-Ole Ludwig, Alain Vandormael, Guy Harling, Jan-Walter De

Neve, Giinther Fink.

References

1.

10.

1.

12

13.

14.

15.

16.

Cutler DM, Lleras-Muney A, Vogl T. Socioeconomic Status and Health: Dimensions and Mechanisms.
1050 Massachusetts Avenue Cambridge, MA 02138: National Bureau of Economic Research; Septem-
ber 2008. NBER Working Paper Series 14333 [cited 2020 Dec 13]. Available from: URL: https://www.
nber.org/system/files/working_papers/w14333/w14333.pdf.

Cutler DM, Lleras-Muney A. Education and Health: Insights from International Comparisons. 1050
Massachusetts Avenue Cambridge, MA 02138: National Bureau of Economic Research; 2012. NBER
Working Paper Series 17738 [cited 2018 Aug 24]. Available from: URL: http://www.nber.org/papers/
w17738.

Fischer M, Karlsson M, Nilsson T. Effects of Compulsory Schooling on Mortality: Evidence from Swe-
den. IJERPH 2013; 10(8):3596—618. https://doi.org/10.3390/ijerph10083596 PMID: 23945539

Peet ED, Fink G, Fawzi W. Returns to education in developing countries: Evidence from the living stan-
dards and measurement study surveys. Econ Educ Rev 2015 [cited 2020 Aug 12]; 49:69-90.

De Neve J-W, Fink G, Subramanian SV, Moyo S, Bor J. Length of secondary schooling and risk of HIV
infection in Botswana: Evidence from a natural experiment. The Lancet Global Health 2015 [cited 2018
Aug 9]; 3(8):e470—e477. Available from: URL: https://doi.org/10.1016/S2214-109X(15)00087-X PMID:
26134875

Grépin KA, Bharadwaj P. Maternal education and child mortality in Zimbabwe. J Health Econ 2015
[cited 2018 Dec 5]; 44:97—117. Available from: URL: https://doi.org/10.1016/j.jhealeco.2015.08.003
PMID: 26569469

Makate M, Makate C. The causal effect of increased primary schooling on child mortality in Malawi: Uni-
versal primary education as a natural experiment. Soc Sci Med 2016; 168:72—83. https://doi.org/10.
1016/j.socscimed.2016.09.003 PMID: 27639483

Montenegro CE, Patrinos HA. Comparable Estimates of Returns to Schooling around the World: World
Bank, Education Global Practice Group; September 2014. Policy Research Working Paper 7020 [cited
2018 Aug 24]. Available from: URL: https://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-7020.

Gathmann C, Jirges H, Reinhold S. Compulsory schooling reforms, education and mortality in twenti-
eth century Europe. Soc Sci Med 2015 [cited 2019 Nov 29]; 127:74-82. Available from: URL: https:/
www.sciencedirect.com/science/article/pii/S0277953614000641?via%3Dihub. https://doi.org/10.1016/
j.socscimed.2014.01.037 PMID: 24560098

Lundborg P, Lyttkens CH, Nystedt P. Human capital and longevity.: Evidence from 50,000 twins: Uni-
versity of York; Health, Econometrics and Data Group; September 2012 12/19 [cited 2020 Dec 13].
Available from: URL: https://www.york.ac.uk/media/economics/documents/herc/wp/12_19.pdf.

World Bank. International Development Association Project Appraisal Document on a Proposed Grant
in the Amount of SDR35,5 Million (US$50 Million Equivalent) to Burkina Faso for an Education Access
and Quality Improvement Project: World Bank; 2015 Apr 2 PAD1044 [cited 2020 Dec 13]. Available
from: URL: http://documents1.worldbank.org/curated/en/242461468229480667/pdf/
PAD10440PADOP1010B0ox385444B000OUO090.pdf.

UN. Sustainable Development Goals: 4 Quality Education: UN; 2020 [cited 2020 Nov 22]. Available
from: URL: https://www.un.org/sustainabledevelopment/education/.

UNESCO Institute for Statistics. UIS Statistics: UNESCO Institute for Statistics; 2020 [cited 2020 Nov
22]. Available from: URL: http://data.uis.unesco.org/.

Jensen R. The (Perceived) Returns to Education and the Demand for Schooling. The Quarterly Journal
of Economics 2010 [cited 2018 Aug 25]; 125(2):515—48. Available from: URL: https://doi.org/10.1162/
gjec.2010.125.2.515.

Jensen R. Agricultural Volatility and Investments in Children. American Economic Review 2000 [cited
2018 Aug 24]; 90(2):399-404.

Eloundou-Enyegue PM. Pregnancy-related dropouts and gender inequality in education: A life-table
approach and application to Cameroon. Demography 2004 [cited 2020 Dec 13]. Available from: URL:
https://idp.springer.com/authorize/casa?redirect_uri = https:/link.springer.com/content/pdf/10.1353/
dem.2004.0021.pdf&casa_token = ytLwCOWPO-sAAAAA:

PLOS ONE | https://doi.org/10.1371/journal.pone.0270246  July 6, 2022 11/13


https://www.nber.org/system/files/working_papers/w14333/w14333.pdf
https://www.nber.org/system/files/working_papers/w14333/w14333.pdf
http://www.nber.org/papers/w17738
http://www.nber.org/papers/w17738
https://doi.org/10.3390/ijerph10083596
http://www.ncbi.nlm.nih.gov/pubmed/23945539
https://doi.org/10.1016/S2214-109X%2815%2900087-X
http://www.ncbi.nlm.nih.gov/pubmed/26134875
https://doi.org/10.1016/j.jhealeco.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26569469
https://doi.org/10.1016/j.socscimed.2016.09.003
https://doi.org/10.1016/j.socscimed.2016.09.003
http://www.ncbi.nlm.nih.gov/pubmed/27639483
https://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-7020
https://www.sciencedirect.com/science/article/pii/S0277953614000641?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0277953614000641?via%3Dihub
https://doi.org/10.1016/j.socscimed.2014.01.037
https://doi.org/10.1016/j.socscimed.2014.01.037
http://www.ncbi.nlm.nih.gov/pubmed/24560098
https://www.york.ac.uk/media/economics/documents/herc/wp/12_19.pdf
http://documents1.worldbank.org/curated/en/242461468229480667/pdf/PAD10440PAD0P1010Box385444B00OUO090.pdf
http://documents1.worldbank.org/curated/en/242461468229480667/pdf/PAD10440PAD0P1010Box385444B00OUO090.pdf
https://www.un.org/sustainabledevelopment/education/
http://data.uis.unesco.org/
https://doi.org/10.1162/qjec.2010.125.2.515
https://doi.org/10.1162/qjec.2010.125.2.515
https://idp.springer.com/authorize/casa?redirect_uri
https://link.springer.com/content/pdf/10.1353/dem.2004.0021.pdf
https://link.springer.com/content/pdf/10.1353/dem.2004.0021.pdf
https://doi.org/10.1371/journal.pone.0270246

PLOS ONE

Health and economic benefits of secondary education in the context of poverty

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

WRICOVPDixbEJ2zmIbNaYcGRatJAFBN2fXelC4D8i70GZUFI_g-iY879w-yXsUKf3s6plibBKtmylgyrgg.
https://doi.org/10.1353/dem.2004.0021 PMID: 15461012

Wils A, Sheehan P, Shi H. Better Secondary Schooling Outcomes for Adolescents in Low- and Middle-
Income Countries: Projections of Cost-Effective Approaches. Journal of Adolescent Health 2019; 65(1,
Supplement):S25-S33. Available from: URL: http://www.sciencedirect.com/science/article/pii/
S$1054139X19301958. https://doi.org/10.1016/j.jadohealth.2019.03.024 PMID: 31228986

Boneva T, Rauh C. Parental Beliefs about Returns to Educational Investments—The Later the Better?
Journal of the European Economic Association 2018 [cited 2021 Apr 11]; 16(6):1669-711.

Dizon-Ross R. Parents’ Beliefs about Their Children’s Academic Ability: Implications for Educational
Investments. American Economic Review 2019; 109(8):2728-65. Available from: URL: https://www.
aeaweb.org/doi/10.1257/aer.20171172.

Attanasio OP, Kaufmann KM. Education choices and returns to schooling: Mothers’ and youths’ subjec-
tive expectations and their role by gender. Journal of Development Economics 2014 [cited 2018 Nov
20]; 109:203-16. Available from: URL: https://doi.org/10.1016/j.jdeveco.2014.04.003.

Ministéres en charge de I'éducation et de la formation; UNICEF; UNESCO. Burkina Faso -Rapport
d’état du systéme éducatif national: Pour une politique nouvelle dans le cadre de la réforme du contin-
uum d’éducation de base; Pour une politique nouvelle dans le cadre de la réforme du continuum d’édu-
cation de base. Dakar, Sénégal; 2017 [cited 2018 Mar 1]. Available from: URL: https://unesdoc.unesco.
org/ark:/48223/pf0000253643.

Graetz N, Friedman J, Osgood-Zimmerman A, Burstein R, Biehl MH, Shields C, et al. Mapping local var-
iation in educational attainment across Africa. Nature 2018 [cited 2020 Jun 21]; 555:48-53. https://doi.
org/10.1038/nature25761 PMID: 29493588

Graetz N, Woyczynski L, Wilson KF, Hall JB, Abate KH, Abd-Allah F, et al. Mapping disparities in educa-
tion across low- and middle-income countries. Nature 2020 [cited 2020 Jun 21]; 577:235-8. hitps://doi.
org/10.1038/s41586-019-1872-1 PMID: 31875853

World Bank. GDP per capita (constant 2010 US$)—Burkina Faso: World Bank; 2020 [cited 2020 Oct
14]. Available from: URL: https://data.worldbank.org/indicator/NY.GDP.PCAP.KD?locations=BF.

World Bank. Burkina Faso: Poverty, Vulnerability, and Income Source: World Bank; 06/2016 115122
[cited 2020 Oct 14]. Available from: URL: http://documentsi.worldbank.org/curated/en/
392811495031260225/pdf/Burkina-Faso-poverty-and-vulnerability-analysis.pdf.

World Bank. Creating markets in Burkina Faso: Country Private Sector Diagnostic: World Bank; 07/
2019.

Sié A, Louis VR, Gbangou A, Miller O, Niamba L, Stieglbauer G, et al. The Health and Demographic
Surveillance System (HDSS) in Nouna, Burkina Faso, 1993—2007. Glob Health Action 2010 [cited 2018
Dec 26]; 3(1). Available from: URL: https://doi.org/10.3402/gha.v3i0.5284 PMID: 20847837

World Bank. Data: Burkina Faso: World Bank; 2020 [cited 2020 Jul 26]. Available from: URL: https://
data.worldbank.org/country/burkina-faso.

Sié A, Zabre P, Diboulo E, Niamba L, Bagagnan CH, Yé M, et al. Rapport SSDS 2014-2015: Nouna
HDSS report 2014—2015 [Focus sur: Evolution de la mortalité et des causes de déces, du statut vacci-
nal des enfants, de la couverture en moustiquaires et violence a I'égard des femmes/filles dans le
SSDS de Nouna]: Centre de Recherche en Santé de Nouna; 2017 [cited 2018 Dec 26]. Available from:
URL: http://www.crsn-nouna.bf/IMG/pdf/rapport_hdss_crsn_2014-2015.pdf.

Schoeps A, van Ewijk R, Kynast-Wolf G, Nebié E, Zabré P, Sié A, et al. Ramadan Exposure In Utero
and Child Mortality in Burkina Faso: Analysis of a Population-Based Cohort Including 41,025 Children.
Am J Epidemiol 2018; 187(10):2085-92. Available from: URL: https://academic.oup.com/aje/article/
187/10/2085/4993217. https://doi.org/10.1093/aje/kwy091 PMID: 29741574

Becher H, Miiller O, Dambach P, Gabrysch S, Niamba L, Sankoh OA, et al. Decreasing child mortality,
spatial clustering and decreasing disparity in North-Western Burkina Faso. Trop Med Int Health 2016;
21(4):546-55. https://doi.org/10.1111/tmi.12673 PMID: 26821122

Corsi DJ, Neuman M, Finlay JE, Subramanian SV. Demographic and health surveys: A profile. Int J Epi-
demiol 2012; 41(6):1602—13. https://doi.org/10.1093/ije/dys184 PMID: 23148108

Cox DR. Regression Models and Life-Tables. Journal of the Royal Statistical Society: Series B (Method-
ological) 1972; 34(2):187-202.

Patrinos HA. Estimating the return to schooling using the Mincer equation: The Mincer equation gives
comparable estimates of the average monetary returns of one additional year of education: 1ZA World
of Labor; 2016. IZA Discussion Paper 278 [cited 2020 Mar 18]. Available from: URL: https://wol.iza.org/
articles/estimating-return-to-schooling-using-mincer-equation.

PLOS ONE | https://doi.org/10.1371/journal.pone.0270246  July 6, 2022 12/13


https://doi.org/10.1353/dem.2004.0021
http://www.ncbi.nlm.nih.gov/pubmed/15461012
http://www.sciencedirect.com/science/article/pii/S1054139X19301958
http://www.sciencedirect.com/science/article/pii/S1054139X19301958
https://doi.org/10.1016/j.jadohealth.2019.03.024
http://www.ncbi.nlm.nih.gov/pubmed/31228986
https://www.aeaweb.org/doi/10.1257/aer.20171172
https://www.aeaweb.org/doi/10.1257/aer.20171172
https://doi.org/10.1016/j.jdeveco.2014.04.003
https://unesdoc.unesco.org/ark:/48223/pf0000253643
https://unesdoc.unesco.org/ark:/48223/pf0000253643
https://doi.org/10.1038/nature25761
https://doi.org/10.1038/nature25761
http://www.ncbi.nlm.nih.gov/pubmed/29493588
https://doi.org/10.1038/s41586-019-1872-1
https://doi.org/10.1038/s41586-019-1872-1
http://www.ncbi.nlm.nih.gov/pubmed/31875853
https://data.worldbank.org/indicator/NY.GDP.PCAP.KD?locations=BF
http://documents1.worldbank.org/curated/en/392811495031260225/pdf/Burkina-Faso-poverty-and-vulnerability-analysis.pdf
http://documents1.worldbank.org/curated/en/392811495031260225/pdf/Burkina-Faso-poverty-and-vulnerability-analysis.pdf
https://doi.org/10.3402/gha.v3i0.5284
http://www.ncbi.nlm.nih.gov/pubmed/20847837
https://data.worldbank.org/country/burkina-faso
https://data.worldbank.org/country/burkina-faso
http://www.crsn-nouna.bf/IMG/pdf/rapport_hdss_crsn_2014-2015.pdf
https://academic.oup.com/aje/article/187/10/2085/4993217
https://academic.oup.com/aje/article/187/10/2085/4993217
https://doi.org/10.1093/aje/kwy091
http://www.ncbi.nlm.nih.gov/pubmed/29741574
https://doi.org/10.1111/tmi.12673
http://www.ncbi.nlm.nih.gov/pubmed/26821122
https://doi.org/10.1093/ije/dys184
http://www.ncbi.nlm.nih.gov/pubmed/23148108
https://wol.iza.org/articles/estimating-return-to-schooling-using-mincer-equation
https://wol.iza.org/articles/estimating-return-to-schooling-using-mincer-equation
https://doi.org/10.1371/journal.pone.0270246

PLOS ONE

Health and economic benefits of secondary education in the context of poverty

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

Polachek SW. Earnings Over the Lifecycle: The Mincer Earnings Function and Its Applications: 1ZA
World of Labor; 2007. IZA Discussion Paper 3181 [cited 2020 Mar 18]. Available from: URL: http://ftp.
iza.org/dp3181.pdf.

Heckman JJ, Lochner LJ, Todd PE. Fifty Years of Mincer Earnings Regressions. 1050 Massachusetts
Avenue Cambridge, MA 02138: National Bureau of Economic Research; May 2003. NBER Working
Paper Series 9732 [cited 2020 Mar 18]. Available from: URL: http://www.nber.org/papers/w9732.

Griliches Z. Estimating the Returns to Schooling: Some Econometric Problems. Econometrica 1977;
45(1):1.

UNESCO Institute for Statistics. Global Education Digest 2011. Montreal, Canada; 2011 [cited 2020
Jun 20]. Available from: URL: http://uis.unesco.org/sites/default/files/documents/global-education-
digest-2011-comparing-education-statistics-across-the-world-en.pdf.

Psacharopoulos G, Patrinos HA. Returns to investment in education: a decennial review of the global lit-
erature. Education Economics 2018; 26(5):445-58.

De Neve J-W, Karlsson O, Canavan CR, Chukwu A, Adu-Afarwuah S, Bukenya J, et al. Are out-of-
school adolescents at higher risk of adverse health outcomes? Evidence from 9 diverse settings in sub-
Saharan Africa. Trop Med Int Health 2019. https://doi.org/10.1111/tmi.13328 PMID: 31692194

Lleras-Muney A. The Relationship Between Education and Adult Mortality in the United States. Review
of Economic Studies 2005; 72(1):189-221. Available from: URL: https://doi.org/10.1111/0034-6527.
00329.

Werner LK, Jabbarian J, Kagoné M, McMahon S, Lemp J, Souares A, et al. "Because at school, you
can become somebody"—The perceived health and economic returns on secondary schooling in rural
Burkina Faso. PLOS ONE 2019 [cited 2020 Mar 25]; 14(12):€0226911. https://doi.org/10.1371/journal.
pone.0226911 PMID: 31881049

Psacharopoulos G. Returns to Investment in Education: A Global Update. World Development 1994
[cited 2020 Feb 25]; 22(9).

Psacharopoulos G. Returns to Education: A Further International Update and Implications. The Journal
of Human Resources 1985; 20(4):583.

Bennell P. Rates of return to education: Does the conventional pattern prevail in sub-Saharan Africa?
World Development 1996; 24(1):183-99. Available from: URL: https://www.sciencedirect.com/science/
article/pii/0305750x9500115s.

Appleton S, Hoddinott J, MacKinnon J. Education and health in sub-Saharan Africa. Journal of Interna-
tional Development 1996 [cited 2018 Aug 24]; 8(3):307-39.

Brauw A de, Rozelle S. Reconciling the Returns to Education in Off-Farm Wage Employment in Rural
China. Review of Development Economics 2007 [cited 2018 Nov 20]; 12(1):57-71.

Harmon C, Walker |, Westergaard-Nielsen N. Education and Earnings in Europe: A Cross Country Anal-
ysis of the Returns to Education: Edward Elgar; 2001.

Kamhéfer DA, Schmitz H, Westphal M. Heterogeneity in Marginal Non-Monetary Returns to Higher
Education. Journal of the European Economic Association 2018 [cited 2020 Sep 10]; 17(1):205—44.

Grossman M. The relationship between health and schooling: What's new? 1050 Massachusetts Ave-
nue Cambridge, MA 02138: National Bureau of Economic Research; 2015. NBER Working Paper
Series 21609 [cited 2018 Aug 9]. Available from: URL: http://www.nber.org/papers/w21609.

PLOS ONE | https://doi.org/10.1371/journal.pone.0270246  July 6, 2022 13/13


http://ftp.iza.org/dp3181.pdf
http://ftp.iza.org/dp3181.pdf
http://www.nber.org/papers/w9732
http://uis.unesco.org/sites/default/files/documents/global-education-digest-2011-comparing-education-statistics-across-the-world-en.pdf
http://uis.unesco.org/sites/default/files/documents/global-education-digest-2011-comparing-education-statistics-across-the-world-en.pdf
https://doi.org/10.1111/tmi.13328
http://www.ncbi.nlm.nih.gov/pubmed/31692194
https://doi.org/10.1111/0034-6527.00329
https://doi.org/10.1111/0034-6527.00329
https://doi.org/10.1371/journal.pone.0226911
https://doi.org/10.1371/journal.pone.0226911
http://www.ncbi.nlm.nih.gov/pubmed/31881049
https://www.sciencedirect.com/science/article/pii/0305750x9500115s
https://www.sciencedirect.com/science/article/pii/0305750x9500115s
http://www.nber.org/papers/w21609
https://doi.org/10.1371/journal.pone.0270246

