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Abstract

Bilingual education is increasingly recognized as a tool to address learning deficits
in linguistically diverse contexts such as sub-Saharan countries. In this study, I analyze
the long-term impacts of Mali’s 1999 bilingual education reform, which introduced
local languages alongside French in primary schools. Using a Difference-in-Differences
approach with detailed school-level data, I find that exposure to the reform improved
literacy in both French and local languages and increased school attendance. Women
concentrate all benefits of bilingual education. However, its effectiveness depends on
sufficient educational resources, such as low student-teacher ratios. These findings
highlight the potential of mother tongue-based instruction to enhance learning and

promote equity when paired with adequate school inputs.

*'T don’t understand" in Bamanakan
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1 Introduction

Learning outcomes in Sub-Saharan Africa (SSA) remain alarmingly low despite sig-
nificant increases in school enrollment over recent decades (UNESCO, 2013). The 2018
PASEC assessment revealed that nearly 60% of students lacked fundamental mathematics
and reading skills (PASEC, 2020).} This disconnect between educational access and ac-
tual learning highlights the multiple barriers impeding human capital development in the
region. While recent research has primarily addressed supply-side constraints, including
inadequate educational resources and teacher capacity (Bold et al., 2017; Glewwe and
Muralidharan, 2016), less attention has been devoted to the critical role of the language
of instruction.

The widespread use of non-native languages for instruction represents a significant
yet understudied barrier to effective learning across Sub-Saharan Africa. As of 2022,
eighteen African countries continue to use colonial languages as their official instructional
medium beginning in the earliest grades (Col, 2024). The remaining countries have largely
adopted bilingual education systems, where teachers initially deliver content in local lan-
guages while gradually transitioning to foreign languages throughout the primary cycle.
This progressive approach begins with instruction primarily in the vehicular languages
before increasing the use of the foreign language until it becomes the exclusive medium of
instruction by the end of primary school. A large literature in linguistics highlighted the
benefits of learning in the mother tongue (Benson (2002) and Cummins (2000); see Rol-
stad, Mahoney, and Glass (2005) and Sakaryali, Bal, and Yildirim (2024) for meta-analysis
reviews). Indeed, when the linguistic distance between a child’s mother tongue and the
foreign language used as the medium of instruction is significant, as is often the case in
Africa, effective learning is hindered because a foundational understanding in a familiar
language is essential for cognitive development (UNESCO, 2016). Only a few papers in
economics have investigated this issue and causally estimated the effect of the language
of education on learning and economic returns to years of education. In a randomized

controlled study in Cameroon, (Laitin, Ramachandran, and Walter, 2019) confirm that

114 countries were part of the last PASEC (Programme d’Analyse des Systémes Educatifs de la CON-

FEMEN) evaluation, making it one of the largest international tests in SSA.



grades 1 and 3 students taught in the local language had better test scores in math and
English, amounting to more than one standard deviation. The same conclusions were
drawn from two field experiments in South Africa (Mohohlwane et al., 2023). In the
context of Ethiopia, Ramachandran (2017) and Seid (2016) also find that mother tongue
instruction increases schooling attendance. Despite these promising results, the literature
lacks econometrically rigorous, large-scale studies that document the benefits of bilingual
education reforms when implemented at scale.

This paper provides some of the first empirical evidence on the long-term effects of
a national bilingual education policy on human capital accumulation. I exploit local
variation in the implementation of Mali’s 1999 linguistic education reform, leveraging
granular commune-level data to estimate the benefits of bilingual instruction. Mali is
one of the last SSA countries where school enrollment is still a policy issue. Learning
levels are also extremely low with only 30% of the adult population literate in 2020.
Until 1999, French was the only language of instruction in primary schools, despite a
high linguistic diversity with 63 living languages, including 57 stable and institutional
(Eberheard, Simons, and Fennig, 2025). In 1999, the Ministry of Education enforced
a nationwide reform of the primary education system with a strong focus on building
schools and introducing 11 national languages as media of instruction. The school building
component was not as successful as expected: from 2002 to 2018, the net enrollment rate
in primary education (i.e., the percentage of children of school age enrolled in primary
schools) went from 50% to less than 60%. However, detailed data from official reports
indicate that the language component was well implemented throughout the country.

Using school-level information on the languages used at school from a national census
done in 2011, I estimate the bilingual education supply at the commune level as the share of
schools offering bilingual education (BE) over the total number of schools. Exploiting the
local variation of this ratio at the commune level, I use a difference-in-difference strategy
comparing birth cohorts in high-intensity BE communes to birth cohorts in low-intensity
BE ones before and after the implementation of the reform. I rely on the 2018 LSMS
survey to have an accurate and tested measure of human capital accumulation. I find
that individuals with greater exposure to the linguistic reform demonstrate a 10% higher

likelihood of French literacy and 30% higher local language literacy in adulthood. School



attendance also increases by 5 percentage points. These effects are not driven by changes
in school supply, and thus can be attributed to the BE aspects of the reform. Notable het-
erogeneity exists across groups: effects are concentrated on women across all educational
outcomes. Importantly, bilingual education’s effectiveness is significantly enhanced when
combined with adequate educational resources, particularly lower student-teacher ratios.
These findings remain robust across alternative difference-in-differences specifications, in-
cluding when treating the share of bilingual schools as a continuous variable or accounting
for treatment timing variations

This paper contributes to three strands of literature. First, it provides new empirical
evidence on the learning benefits of bilingual education. While previous research demon-
strates substantial returns to primary education in sub-Saharan Africa, particularly for
women (Montenegro and Patrinos, 2014; Psacharopoulos and Patrinos, 2004), little is
known about the effectiveness of alternative teaching approaches like bilingual education.
This study takes an important first step by examining adult learning and schooling out-
comes, suggesting avenues for future research on long-term wage effects. Additionally,
it moves beyond simply measuring years of education by incorporating a quality dimen-
sion through its analysis of literacy in multiple languages. Second, I contribute to the
recent and growing literature evaluating policies at scale. Implementation is critical to
understanding the differential impacts of education programs (Angrist and Meager, 2023).
However, scaling up successful interventions remains challenging. Evidence on nationwide
bilingual education policies shows mixed results due to implementation difficulties (Piper,
Zuilkowski, and Ong’ele, 2016). This study adds to the literature by documenting evidence
from a successfully scaled-up policy intervention.? Finally, I provide additional evidence
on an understudied beneficial educational intervention. A recent meta-analysis finds that
mother tongue instruction shows promising results in controlled experimental settings
(Evans and Mendez Acosta, 2021). Bilingual education should be considered alongside
other educational resources (Glewwe and Muralidharan, 2016; Mbiti et al., 2019), as I
show that effectiveness depends on maintaining appropriate student-teacher ratios. Fur-

ther research is needed to identify other complementarities that may explain the success

2Part of this success can be explained in the importance of piloting that was put into the preparation

of this reform (Ba, 2009).



or failure of scaled bilingual education programs.

This paper is organized as follows. In Section 2, I document the context surrounding
the 1999 reform. Section 3 details the data used for the empirical analysis. Section 4
presents the conceptual framework. I explain the main empirical strategy in Section 5 and
show the results in Section 6. Finally, I address the main concerns and perform additional

robustness checks in Section 7.

2 Context

2.1 Historical background in bilingual education

There is a long-lasting history of bilingual education in the country that started right

after the independence®

. In 1960, experiments started using local languages to expand
schooling for adults who did not attend school under colonial rule (UNESCO, 1963).
Following positive results from these experiments, it expanded to primary education at
the onset of the 1980s (Ba, 2009; Diarra, 2020).

The first pilots of bilingual education combining French and another local language
in primary schools are detailed in Section A.1. They expanded gradually from Segou to
the other regions, and from the use of only Bamanankan to the introduction of other
local languages in education. Even though the impact on test scores was limited to null

(Skattum, 2010; Traoré, 2001). Maurer (2007), these experiments provided crucial insights

for policymakers during the 1999 expansion of the bilingual education program.

2.2 The 1999 bilingual education reform

Expansion. In 1999, the Ministry of Education passed a law to scale up the bilin-
gual education experiment to all public primary schools as an essential component of the
PRODEC (Programme Décennal de Développement de l’Education), a countrywide ed-

ucational reform aiming at expanding primary schooling coverage (Loua, 2017)*. The

3During the colonization period, like any other country under the French administration, the official
language of education and administration was French, and the use of the local languages in the schooling

environment was severely punished (De Gaston, 2011).
4The main objective of this reform was to build schools massively, starting from where it was most needed

to the other places (African Development Bank Group, 2003). Consequently, school supply increased



bilingual education reform was implemented at the school level at the start of the 2001
school year. In similar contexts, demand has been shown to be one of the main obstacles
in the expansion of bilingual education (Piper, Zuilkowski, and Ong’ele, 2016; Ramachan-
dran and Rauh, 2022). However, because of the information campaign that took place in
1999, community demand was high at the onset of the reform®. In 2002, there were 2,110
bilingual classes, and 666 schools with at least one bilingual track throughout the country.
The bilingual curriculum was available in 11 additional languages (Bamanankan, Songhay,
Tamasheq, Soninke, Dogon, Fulfude, Bomu, Syenara, Mamara, Bozo, and Khassonke) and
counted 121,734 enrolled students. After a rapid expansion in the early 2000s, the number
of bilingual schools peaked at 2,530 in 2005, representing around one-third of the total
number of schools. Since then, a lack of funding and political will has meant stagnation
and even decrease in this number for the most recent years. Nowadays, bilingual education

has leveled out at around 25% of the primary schools.

Organization. Qualitative evidence points to a demand-led bottom-to-top process. To
open a bilingual education track in a school, local leaders had to ask the local committee
in charge of scaling up bilingual education. In collaboration with the community, this
committee would choose the main language to be spoken in the bilingual class by the
teachers and students as the language of instruction. Schools would receive textbooks in
the selected language, and teachers would follow a short additional training course to deal

with this new curriculum (20 days in theory) (MEN, 2003).

Implementation. Official reports document the mixed quality of the policy expansion.
In practice, the vast majority of teachers received an additional training (Diarra, 2013a)°.
However, little is known about the quality of this training because Malian bilingual edu-
cation expansion followed a very decentralized process (Ba, 2009). Reports also point to

the long delay in the textbook provision (MEN, 2003), due to the long printing process.

rapidly, from 2,600 schools in 1998 to almost 10,000 in 2008.
5To boost the demand for bilingual education, information sessions were organized at the district level,

and short information messages were displayed through 34 local radios (MEN, 2003)
5In 2000, 9 training centers were created. In 2001, 26 centers were operating with 3.775 teachers trained.

In 2002, this number went up to 34 centers with 3.608 additional teachers trained (MEN, 2003)



Curriculum content. Bilingual education is a pedagogical approach that relies on
knowledge of the familiar local language to ease the transition to the foreign language
(Mohohlwane et al., 2023). In practice, students are expected to spend the first years of
primary education learning the basics of writing and reading, as well as other subjects
such as Mathematics, in the local vehicular language’. At the same time, teachers in-
troduce French progressively to finish at the end of the primary cycle with French-only
instruction. Table A.1 details the use of French and the local language for every grade
as given in the official curriculum: during the first two years, the curriculum is mainly in
the local language chosen. The next two years, French is gradually introduced, so that at
the end of grade 4, half of the curriculum is taught in French and the other half in the
local language. During the last two years preceding the secondary cycle, French becomes
the dominant language. Officially, French remains the only language of instruction in
the secondary cycle of primary education, as well as in secondary and tertiary education

cycles.

3 Data

3.1 Roll-out of the bilingual education program

To document the progressive expansion of the bilingual education policy throughout
the country after its first implementation in 2001, I exploit a census done in 2011 by
linguistics experts on behalf of the Ministry of Education (Diarra, 2013b). This census
covers all schools that were declared officially as “bilingual” at the 2011 school start and
reports at the school level whether the bilingual curriculum is still used, or was abandoned
for the French-only curriculum.® Out of the 3.784 bilingual schools that opened since 2001,
83% still had a bilingual education track in 2011.

Because of the civil war at the time of the data collection, the census took place only
in the Bamako, Kayes, Koulikoro, Segou, and Sikasso regions, accounting for only one

third of the Mali territory. Figure A.3 depicts visually this coerage. However, as 78% of

"Figure A.1 shows an example of a textbook for grade 1 students, fully written in Bamanankan.
81f the school still has a bilingual class, the census reports whether it is used for all grades or only the

first ones.



the population lives in these regions, I argue that this census covers a large fraction of the
school supply, reducing the external validity threat for this study (INSTAT-Mali, 2017).

Figure A.7 shows the evolution of the number of bilingual schools from 1994 to 2011.°
Before the 2000s, the bilingual education supply was close to zero. After the official
introduction of bilingual education in the curriculum in 2000, this number progressively
increased to reach 25% of all primary schools.

Qualitative evidence points that community schools were more likely than other schools
to adopt the bilingual education curriculum (Diarra, 2020). These specific public primary
schools are opened as a result of a community initiative; their number rapidly grew during
the 1990s as a result to the low school supply. Using the name of the school in the 2011

census, I find that only 5% of the bilingual schools are community schools.'°

3.2 Population census

School supply. Using census data from 1998 and 2009, I rely on a panel dataset on
school supply at the commune level''. I use this information to create an indicator of
exposure to bilingual education at the commune level: the ratio between the number of
bilingual schools as officially listed in the bilingual education census, and the total number
of schools.

Figure A.7 provides an overview of the evolution over time of the school supply: the
number of schools improved rapidly during the 2000s. Indeed, one of the main objectives
of the PRODEC was to build more schools to match the increasing demand. As shown in
Figure A.19, the rapid expansion of school supply is not correlated with an increased provi-
sion of bilingual education at the village level. I further address this potential confounder

in 7.1.

9Table A.3 details which geographical level, information available, and source used for bilingual educa-

tion supply for every year presented in Figure A.7.
197 consider a school as a community school if it is labeled as such in its name (with the words "EC" or

"communautaire"). Hence, this number is a lower bound of the true fraction of community schools among

the bilingual education supply.
1T thank Flore Gubert for providing the panel dataset on the public infrastructures that were used in

Chauvet et al. (2015)



Commune characteristics. The main level of the analysis of this study is at the
commune level.'? Using the 2009 census data, I derive some characteristics of communes
that I expect to be key when analyzing the efficiency of bilingual education.

First, I compute a simple linguistic Herfindahl-Hirschman index using the number of
speakers for every language at the commune level'®. I also use the main language spoken
in the community as a proxy for the language chosen to be the new language of instruction
for the first grades.

Then, I measure the potential demand for education using the same round of census
data. To do so, I consider the number of children who are the right age to be enrolled in
a primary school, i.e., those between 7 and 12, and take the ratio of this number over the

total number of schools at the commune level.

3.3 Human capital

Measurement of literacy. I am interested in the impact of bilingual education on
human capital accumulation. To do so, I use literacy as a proxy for education quality.
Literacy is a widespread but poorly measured indicator in many surveys as it is often
overestimated. For instance, in the Demographic and Health Surveys (DHS) in develop-
ing countries, the respondent is automatically considered as literate after a certain point
in education years (usually after the primary cycle) (Sandefur, 2017). However, in many
sub-Saharan countries, the Learning-Adjusted Years of Schooling (LAYS) indicates that
literacy requires more than just finishing primary education when accounting for the qual-
ity of schooling (World Bank, 2024). Moreover, this indicator is still self-reported by
respondents in many widely used surveys and censuses, which may be prone to other
sources of biases. I use the 2018 Living Standards Measurement Study (LSMS) by the
World Bank in 2018 to overcome this issue, as it provides an objective measure of liter-
acy based on actual testing of writing and reading skills in French, the local vehicular

language, and another language.

121 also perform the same analysis at the village level, but this empirical strategy relies on strong

assumptions that are unlikely to hold. I detail these assumptions and the results in Section 77.
13The administrative system in Mali is decomposed as follows: a region is composed of a set of districts,

a district includes different communes, and a commune aggregates various villages.



Other outcomes. Besides literacy, I also consider a broad set of educational outcomes:
school attendance, completion of primary education, and whether the respondent has a
primary school diploma.'* I do not consider the number of school years as the linguis-
tics literature documents two opposite mechanisms that could affect the time spent at
school(Benson, 2002): bilingual education affects positively the retention rate of students,
but it is also expected to decrease the repetition rate. Moreover, as the youngest birth
cohort in my sample turned 15 in 2018, some may not have completed education at the

time of the survey.

4 Theory of change

4.1 Primary hypotheses (PH)

PH1: Bilingual education increases learning. I expect to observe positive long-
term effects of bilingual education on the accumulation of human capital, defined in part by
learning. The literature has shown in highly controlled and limited settings that learning
in a familiar language increases literacy in both the local language and the foreign one
(Benson, 2002; Cummins, 2000; Mohohlwane et al., 2023). Indeed, learning starts at the
very beginning of primary instruction and is not postponed once the student has sufficient
skills in the language of instruction. Furthermore, past evidence points that bilingual

education connects better writing and speech (Hovens, 2002).1°

PH2: Bilingual education increases schooling. I also expect bilingual education
to increase school attendance and, to some extent, the number of schooling years. Indeed,

bilingual schools can attract students compared to monolingual ones when the language

14T Mali, primary education starts at the age of 7 officially, for 6 years for the first primary cycle and
3 years for the second primary cycle. At the end of this first cycle, until 2010, students passed an exam

called the Certificat d’études primaires (CEP) to pass to the second primary cycle.
!5 Another advantage is linked to a particular linguistic feature of Sub-Saharan Africa: the spread of

“mixed” languages, also known as creoles or pidgins, that take words or structures from different local and
foreign languages (Calvet, 2010). Learning a second language through a familiar language reduces the risk
of code-switching (i.e., using words from another language in the middle of a sentence), allowing the skill

to transfer quickly from one language to the other (Cummins, 2000).
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used at school is close to the home language (Ball et al., 2024). It also reduces the repetition

rate and drop-out, leading to higher promotion rates (Patrinos and Velez, 2009).

4.2 Secondary hypotheses (SH)

SH1: Women benefit more from bilingual education. Past evidence shows that
girls benefit more from bilingual education than boys (Benson, 2002; Hovens, 2002). The
primary mechanism behind these positive results is that girls are less exposed to the
foreign language than boys in the home environment (O’Gara and Kendall, 1996). Hence,
by bridging the gap between the school place and the home place, bilingual education

yields higher human capital accumulation for girls (Benson, 2005).

SH2: Areas more linguistically diverse are less prone to positive returns to
bilingual education. = Which language to choose is a key implementation challenge in
the context of a nation-wide bilingual education policy (Piper, Zuilkowski, and Ong’ele,
2016). In the case of the 1999 Malian reform, the vehicular language that replaces French
in schools is chosen among the 11 national languages, all documented. Figure A.2 gives
a broad picture of the distance existing between these languages: 9 languages out of 11
are from the same language family. However, even if the linguistic distance between the
official language spoken in the school and the mother tongue may be reduced (Laitin and
Ramachandran, 2022), community members speaking a minority language that would not
be picked as the new language of instruction would still face the same understanding
challenge. Hence, I expect that in a very linguistically diverse area, using only one local
language at school might exclude more students than in a linguistically homogeneous area,

reducing the aggregated benefits of bilingual education.

SH3: Returns to bilingual education are higher in rural areas. Related to the
last hypothesis, I expect to see higher benefits of bilingual education in rural areas, as these
are less linguistically diverse than cities. Urban areas concentrate different ethnolinguistic
groups speaking different languages, where French can act as a lingua franca (Calvet,

2010).
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5 Empirical strategy

5.1 Identification strategy

Difference-in-difference. I leverage the reform implementation in at the 2000 school
start and the unequal coverage of bilingual education throughout the country to assess its
impact on long-term educational outcomes. Using the year of birth of adult individuals
assessed in the LSMS, I can infer when they started school; if they first went to school
prior to the 2000 school year, it is unlikely that they were exposed to bilingual education,
as shown in Figure A.7. The average age at school entry being 6.6 in the LSMS sample, 1
consider that individuals born in 1993 and before went to monolingual schools (i.e., with
French-only education). To avoid capturing other reforms effects, I restrict the sample 10
years around the reform implementation, namely individuals born from 1983 to 2003 aged
15 to 35 in 2018. Then, for each LSMS cluster, I map the supply of bilingual education
using the various census data on bilingual schools and school supply, and obtain a panel

data set at the enumeration area level with the year of birth as the key time dimension.

Treatment definition. I define exposure to bilingual education (BE) at the commune

c level as the following;:

N f Bilingual School
Share of BE, = umber of Bilingual Schools,

Number of Schools,.

I include in the numerator all schools officially declared as bilingual education schools in
the 2011 census, and in the denominator the school supply as given by the 2009 census.'
By definition, the exposure measure is bounded between 0 and 1.17

Figure A.4 shows at the commune level the share of bilingual schools among the total
school supply, along with the LSMS cluster localization. Bilingual education provision

is not random, and follows a clear geographical pattern, with some districts and regions

concentrating most of the bilingual education supply. Looking at the linguistic areas

161 further consider the fraction of schools that dropped out of the bilingual curriculum in the section

7.2.
1"Because the school supply is measured through the population census that took place 2 years prior to

the 2011 bilingual education census, some ratios exceeded 1 for a few communes. For these communes, |

bounded the ratio to 1.
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depicted in Figure A.5, I observe that where Bamanankan is the main language spoken,
the supply of bilingual education is high. As a result, I cannot use the median exposure
to bilingual education, i.e. the fraction of bilingual schools in the total school supply, as a
threshold to categorize communes into low vs. high intensity, mimicking the design used
in Duflo (2001).

Instead, I use the median ratio of bilingual schools over the total number of schools
within each district as a threshold and consider a commune with a ratio below this median
as a low-exposed area. Similarly, I consider a commune with a fraction of bilingual edu-
cation higher than the district median as highly exposed to bilingual education. Figure 1
displays the geographical coverage of the binary treatment. In alternative specifications
detailed in Section 7?7, I consider the full spectrum of bilingual education supply at the
commune level as a continuous treatment (from 0 to 100%), rather than relying on a

binary measure.

Sample selection. One concern about the sample considered is that migration already
took place at the time of the survey. In 2011, migration, both internal and external,
was estimated to affect almost 20% of the population (Sougane, 2014). It impacts my
empirical specification in two ways. First, I do not observe migrant who left the locality
to live abroad. However, I expect this creates a downward bias in the results: if bilingual
education enhances learning skills particularly in French, then individuals who benefited
significantly from the bilingual curriculum leveraged these new skills to migrate before the
LSMS survey took place. Hence, the results are to be interpreted as a lower bound of
the true effect of bilingual education. Second, I may attribute wrongly a high exposure to
bilingual education to an individual who migrated after its childhood. The level at which
the analysis is done reduced this threat: 98.8% of individuals in the sample report to be

born in the same commune.

5.2 Empirical specification

Two Way Fixed-Effects (TWFE). By leveraging the reform implementation cutoff

and the differential exposure to bilingual education, I estimate the following regression:
Yiyed=o01*1[y > 1994] + oo * L[c € BS| + B x L[y > 1994] * L[c € BS] + 0q + w; y.ca (1)
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maps/map_treatment.pdf

Notes: Solid black lines represent the regional borders, dashed black lines represent the district borders, and
gray lines represent the communal borders. The two colors indicate the treatment status at the commune
level, as defined in Subsection 5.1. This figure maps only the following regions that are considered in the
empirical analysis: Bamako, Kayes, Koulikoro, Segou, and Sikasso.

Figure 1: Map of the treatment status by commune
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Y, y.c,d is the outcome for individual ¢, born in year y, living in the commune ¢, and the
district d. BS represents the set of communes considered as highly exposed to bilingual
education relative to the median district ratio of bilingual schools. a7 captures the effects
of being born after 1994 i.e. starting school after the implementation of the bilingual
education reform, and as isolates the differences in the outcome that might exist between
communes with a high share of bilingual schools compared to communes with a low share.
The coefficient of interest is 3, ., which captures the effect of being highly exposed to
bilingual education (BE) compared to low exposure once the reform. I use district-fixed
effects 64 to overcome the issue highlighted in Figure A.4. I use the LSMS cluster provided
in the survey to cluster standard errors, and I use household weights also present in the

survey.'®

Testing key assumptions. Following the difference-in-difference literature, I test for
the parallel trends (PT) and the no anticipation (NA) assumptions using an event study.

To do so, I estimate the following regression:

Yigyed = Zau x1[t = y] + ag* 1[c € BS] +Zﬁt * 1t = y]*1[c € BS|+0q+ uiyca (2)
teT teT

The same definitions as in Equation (1) apply. T represents the full birth year period
considered in this analysis, i.e. from 1983 to 2003. I allow the coefficient 8; to vary
in the pre and post-treatment period according to the year of birth y. Following the
recent literature on the topic, I also implement a sensitivity analysis in ?? to improve on
the credibility aspect of the PT and NA assumptions (Chaisemartin and D’Haultfceuille,
2022; Roth et al., 2023).

An additional key assumption made in the specification is the homogeneity of the
treatment effect. This assumption is likely not to hold, as the treatment at the commune
level is relative to a median value at the district level. In other words, I assign commune

A in district 1, where 70% of schools are bilingual, to the low-exposure bilingual education

18Given that a commune is roughly equals to one LSMS (except for Bamako), and that Bamako represents
60 clusters out of 325, I prefer using the cluster level given in the LSMS rather than the commune level

for clustering.
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group, while commune B in district 2, where only 20% of schools officially use local lan-
guages for instruction, is assigned to the high-exposure bilingual education group. This
apparent contradiction occurs because the median ratio of bilingual education supply is
75% in district 1 but only 15% in district 2. First, I control for this by adding a fixed
effect at the district level in Regression 1. Second, I test for treatment effect homogeneity
in Section 6.3 by decomposing the impact of bilingual education according to the refer-
ence bilingual education supply at the district level. Finally, I release this assumption by
considering the share of bilingual schools as a continuous treatment, using econometric
tools provided by Callaway, Goodman-Bacon, and Sant’Anna (2024) and Chaisemartin,
D’Haultfeeuille, and Vazquez-Bare (2024).

Another key assumption is that all units are treated at the same time in 2001. I release
this assumption in Section 7.3 using data on bilingual education at the district level from

1994 to 2011 and robust estimators from Borusyak, Jaravel, and Spiess (2024).

5.3 Descriptive statistics

Table A.4 describes the main outcomes for the sample, at the individual and the
commune level. The sample contains 8.636 individuals, with half women and half urban.
Less than 50% of the sample attended school, and the same fraction is literate in French
(either writing or reading). Finally, only one individual out of 10 can write or read in the
local language. Table A.5 gives additional insights about the significant differences between
the sample of communes less exposed to bilingual education compared to communes highly

exposed to it.

6 Results

6.1 PH: Human capital accumulation

Learning. Figure 2 plots estimated coefficients from Equation 2 explaining BE effects on
learning outcomes in the local language. It seems that introducing officially local languages
in education has a significant, positive, and persistent impact on writing and reading in
the vehicular language. Table 1 shows the TWFE results of estimating Equation 1: adults

who had access to more bilingual schools when they were children are 4 percentage points
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(pp) more likely to be literate (both writing and reading) in their local language (Columns
1 and 2). Given that only 12% of the sample is literate in the local language, being more
exposed to bilingual education increases learning by more than 30%. These first sets of
results can be seen as a first stage: even if it is likely that teachers have already used local
languages prior to their introduction in the curricula in 1999, I still see that the official
enactment of it increased their use in the schooling environment, boosting literacy in the
local language.

For the exposed students, these skills in the local languages partially transferred to
French, as seen in Figure A.8. This linguistic mechanism has been documented by Cum-
mins (2000). Columns 3 and 4 of Table 1 translated the results: on average, the literacy
skills increased by 5pp (meaning an increase of 10% of the literacy rate in the sample), both
in writing and reading, with the introduction of the bilingual education reform. These
results are less significant and smaller in magnitude than those for the local language, as it
is likely that some skills were not fully transferred from one language to the other because
the children stayed at school for only 4 years.

In addition to literacy in the two languages, LSMS data provide the most appropriate
variable for a placebo test: literacy skills in a language that is neither French nor the
main language of the community. Indeed, introducing bilingual education should not
affect this outcome at all, as this language is likely not to be used at all in bilingual
schools in this area. Figure A.10 shows the event-study estimate and provides additional
evidence supporting the identification strategy, as I do not observe any change in writing

and reading skills after introducing bilingual education.

Schooling. Introducing familiar languages to students makes school more attractive:
as shown in Table A.6 in Column 1, school attendance increased by 12% for cohorts
that got access to more bilingual schools (+ 6pp). They are also more likely to have
a primary-education diploma, suggesting that the duration of schooling could also be
affected. However, I do not see any impact on the completion rate at the end of the primary
education cycle. This result is aligned with the linguistics literature, which shows that
reducing the linguistic distance between the home and the school environment incentivizes

more parents to send their children to schools (Benson, 2004).
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figures/es_lite_ll.png

Notes: Point estimates and 95% confidence intervals are derived from an event study regression over the
1983-2003 birth cohorts from which I extracted only the estimates of the interaction terms. I use district
fixed effects to capture variation in the median of bilingual education share across districts. To obtain
these estimates, I perform two distinct regressions: one with whether the individual knows how to write
in the local language as the dependent variable (in orange), and one with whether the individual knows
how to read in the local language as the dependent variable (in green). I cluster the standard errors at
the LSMS cluster level, which corresponds roughly to the commune level. Individuals born in 1993 are the
last birth cohort to be taught entirely in French (i.e., not treated) represented by a black vertical dashed
line.

Figure 2: Event study regression for literacy in the local language
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Language tested

Dependent Variables:
Model:

Local language

French

Writing Reading Writing Reading

(1)

(2)

3)

(4)

Variables

Born after 1994 0.008 0.007  0.138"*  0.137***
(0.012)  (0.011)  (0.020)  (0.020)

High exposed commune 0.023 0.022 0.034 0.032
(0.015)  (0.015)  (0.037)  (0.037)

Born after 1994 x High exposed commune 0.039**  0.039**  0.055* 0.054*
(0.018)  (0.017)  (0.028)  (0.028)

Fized-effects

District FE Yes Yes Yes Yes

Fit statistics

Mean of Y 0.123 0.118 0.489 0.484

Observations 8,636 8,623 8,636 8,633

R? 0.04228 0.04123 0.15238 0.14913

Clustered (LSMS cluster) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Notes: All dependent variables are binary outcomes. The model estimated is a linear
regression. The level of analysis is at the individual level, i.e. one observation is one
person. The differences in the number of observations is related to missingness of
the outcome of interest in the raw LSMS data. I use the weights given in the LSMS
data, and cluster the standard errors at the enumeration area. Clustering at the

treatment level, i.e. the commune, produces the same results.

Table 1: TWFE results on learning outcomes
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The pre-trend coefficients for all the outcomes are small and jointly non-different from
zero (see Figures 2, A.8 and A.9). All these pieces of evidence prove that the assumption of
parallel trends between communes that were more and less exposed to bilingual education

once the reform was set holds.

6.2 SH: Heterogeneity

Gender. Previous findings document that girls benefit more from bilingual education
than boys, because they are less exposed to the colonial language still used in the school
environment (Benson, 2005). Heterogeneity results confirm this intuition, as shown in
Figure 3: women who had more access to bilingual schools as a child are 8pp more likely to
be literate in French and attend school. They are also 6pp more likely to complete primary
education and get the diploma. Relative to the sample mean, it represents respectively an
increase of 15% in the probability of being literate in French and attending school, and
20% in completing the first education cycle. In comparison, boys do not get any returns
from introducing education in a familiar language.

Another difference related to gender can be observed at the parental level: whether the
mother is educated or not matters a lot for the efficiency of the new bilingual curriculum
(see Figure A.11). The mechanism at play relates to the fact that mothers invest more
in their daughters’ human capital compared to fathers (Dizon-Ross and Jayachandran,
2023).' With a bilingual curriculum, they seem to be even more invested as they are more
familiar with the language now spoken at school and in the textbooks. The interaction
between mother investment and bilingual education has not yet been documented in the

literature.

Linguistic diversity. As detailed in Section 4.2, I expect that the impact of bilingual
education is proportional to the people it targets, i.e., the share of students speaking the
local language chosen to the new language of instruction. I look at this by dividing the
sample into quartiles of linguistic diversity at the commune level. Empirical results in

Figure A.13 do not present a straightforward picture. Looking at the size of the main

19Results for father’s education are shown in Figure A.12 and point that fathers that went to school are

not key actors in the bilingual education curriculum implementation.
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figures/het_sex.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. I use district fixed effects to capture the fact that
the median of bilingual education share varies across districts. I cluster at the LSMS cluster level, which
corresponds roughly to the village level. To obtain heterogeneous effects, I interact the DiD coefficient in

Equation 1 with sex.

Figure 3: TWFE coefficient estimates of bilingual education effects, by sex
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linguistic group leads to the same results Reynal-Querol (2002): linguistic diversity does
not seem to matter when explaining the differential impacts of the reform.

The choice of language might still be important regardless of the linguistic diversity of
the community. In particular, as shown in Figure A.5, Bamanankan is the mother tongue
of 4,000,000 speakers in Mali, and the second language of a further 10,000,000, acting
as a lingua franca between the different linguistic communities. Figure A.14 shows that
areas with Bamanankan dominant speakers do not drive the positive impacts of bilingual
education. Therefore, neither the diversity nor the dominant language seems to be key

features for a successful bilingual education curriculum.

Rural/ urban status. 1 also explore whether rural households benefit more from in-
troducing local languages, as hypothesized in Section 4.2. I do not observe in Figure A.15
any differential effect for schooling and learning skills in the official language, and even if
it seems that literacy in the local languages increases more in urban areas, the coefficients

are not statistically different from each other.

6.3 Relaxing the homogeneous treatment effect assumption

In recent years, the difference-in-differences estimation strategy has garnered signif-
icant scholarly attention, leading to substantial methodological advancements through
the development of various estimators (see Callaway and Sant’Anna (2021) and Chaise-
martin and D’Haultfeeuille (2022) for a non-exhaustive survey of the recent literature).
In particular, these papers have shown that an important underlying assumption that is
made regarding the interpretation of the TWFE estimator is treatment effect homogene-
ity. Given the nature of the treatment under consideration, this assumption is unlikely to
hold.

To test for this assumption, I look at heterogeneity according to the median share
of bilingual schools at the district level, used as a reference point to create the binary
treatment detailed in Section 5. I divide my sample in quintiles of this ratio; results are
shown in Figure A.17 for all outcomes. The first result is that for all quintiles of median
BE provision, the treatment effect is either null or positive. The second result is that the

positive impact of bilingual education seems to be concentrated in the middle quintiles
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comprised (in which the reference point oscillates between 15 and 75% of bilingual schools).
This can be easily understood: outside of these boundary ratios, the share of bilingual
schools is either low or too high to represent a credible alternative option to French-only
schools. In the first case, students are faced with an education market overwhelmingly
dominated by monolingual education, while in the second case, the market is largely
dominated with bilingual education.

Callaway, Goodman-Bacon, and Sant’Anna (2024) provides the DiD users with a new
estimator that allows for a continuous treatment. Figure A.16 shows that previous results
are confirmed: for communes where bilingual education is a credible alternative but not
too widespread option, returns to it are among the highest.?"

Finally, I test an alternative treatment definition: instead of using the median ratio of
bilingual schools at the district level, I take the median at the regional level. Similarly, I use
region fixed-effects instead of district fixed-effects. I see in Table A.8 that the coefficients
do not vary much from Tables 1 and A.6. The standard errors are predictably larger due
to reduced precision in the estimation strategy. The main discrepancy from the previous

results is about the literacy skills in the local languages, suggesting that the TWFE might

overestimate impact of bilingual education provision on literacy in the local language.

7 Robustness checks

7.1 School construction

The main objective of the PRODEC reform was to increase school supply by massively
building schools. Figure A.6 maps the growth rate of the school supply at the commune
level: the building effort was widespread across the Southern regions of Mali, and did not
target one specific area.

Expansion of school supply can be a confounder of the impact of bilingual education,

20T also use the estimator provided by Chaisemartin, D’Haultfeeuille, and Vazquez-Bare (2024) who
created a heterogeneity-robust DiD estimators relevant in designs with stayers, i.e. communes that had no
bilingual schools at all after the bilingual education reform. Because this strategy only uses two periods
(the period right before and right after the shift in the BE supply) at the treatment level, the number of
observations is too restricted to allow me to conclude, as I end up with only 168 observations, i.e. the

number of communes in my sample.
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as the 1999 reform included both components. I test for this hypothesis first by looking at
the correlation between bilingual education supply and the growth rate of school supply
in Figure A.19. I do not find any evidence that communes where more schools were
built during this period were also communes with more bilingual schools.?! Second, I
examine the differential effects of bilingual education intensity across communes with
varying exposure to school construction programs. I find that introducing a bilingual
curriculum was effective where less schools were built during the first decade of the 2000s
(Figure A.18). This evidence suggests that the two components of Mali’s 1999 education
reform—bilingual curriculum and school construction—were implemented independently

across different regions of the country.

7.2 School characteristics

Continuity in the bilingual education curriculum. Leveraging data on bilin-
gual status from the 2011 school census, I identify schools that maintained local language
instruction to estimate the differential impacts of the reform along this dimension. In
communes where schools rapidly abandoned the bilingual curriculum after initial imple-
mentation, the expected effects would be minimal or absent. This outcome is predictable
because if schools quickly reverted from bilingual to French-only instruction, no birth co-
hort would have experienced full exposure to bilingual education throughout all primary
grades as originally intended.

Figure A.21 presents a comparative analysis of bilingual education effects between
communes where at least one school abandoned the bilingual program and those where
schools maintained the language reform implementation.?? Of the 167 communes analyzed,
100 experienced at least partial reversion from bilingual to monolingual (French-only)
instruction in their schools. As hypothesized, positive learning and schooling outcomes are

concentrated in areas with continuous implementation of the linguistic education reform.

21 A formal t-test between the treatment variable and the growth rate of the school supply gives the same

results, with a correlation coefficient of -0.0094 (0.0097).
22The median switching rate at the potential cutoff point is zero, making the intensive and extensive

margin analyses equivalent in this context.
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Number of students per school. Using 2011 administrative data on student en-
rollment and teacher staffing per district, I examine how classroom conditions influence
reform outcomes. The analysis shown in Table A.22 reveals that the benefits of bilingual
education are concentrated in communes with lower student-teacher ratios. This find-
ing suggests that the effectiveness of bilingual instruction may depend significantly on

classroom resources and teacher capacity.

7.3 Alternative treatment definitions

Staggered analysis. District-level data on bilingual education expansion (see Table
A.3) enables a staggered difference-in-difference analysis using the Borusyak, Jaravel, and
Spiess (2024) imputation estimator.?? I define treatment year as when a district exceeds
its median share of bilingual education over the years, creating time variation from 1994-
2005. Figure A.20 shows writing skills outcomes at district level (n=28), which yields
less precise estimates than the commune-level analysis (n=167). Despite this limitation,
results confirm two key findings: parallel trends hold pre-treatment, and bilingual ed-
ucation positively impacts writing skills in both French and local languages (significant
at 10%), with stronger effects in local languages.?* As expected, effect sizes are smaller
than in the TWFE commune-level analysis due to reduced precision in identifying affected

populations.

7.4 Other robustness tests

Migration. I further investigate whether bilingual education had differential effects
based on individuals’ migration history. The results shown in Figure A.23 reveal that only
non-migrants experienced significant benefits from bilingual education. Those who had
previously migrated showed no measurable improvements in literacy outcomes following

the reform. This finding suggests that educational continuity and consistent exposure to

23Following the procedure suggested in Roth et al. (2023), I prefer the imputation estimator over the
Callaway and Sant’Anna (2021) as event studies displayed in Figures A.8, 2 and A.9 show that we should
not worry about violation of the parallel trends assumption, and I do not expect important serial correlation

between birth cohorts.
24Results hold for the writing skills in the local language when I take a 95% confidence interval.
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the bilingual program may be critical factors in its effectiveness, with disruptions caused

by migration potentially limiting the reform’s impact.

Restrict the sample to villages far from the communal borders. Nearly half of
all communes are located within 2km of neighboring commune boundaries.?> Residents in
these border areas could potentially enroll their children in schools across commune lines.
When analyzing only communes situated at least 2km from borders, as shown in Table

A.10, the impact coefficients become more significant, strengthening the original findings.

No effect on the no-school subsample. Mali remains one of sub-Saharan Africa’s
countries with significant schooling challenges, with half the sample never attending school.
As expected, Figure A.24 confirms the bilingual education reform had no effect on literacy

skills among non-attendees.

Potential confounders. 1 also examine potential confounders that could affect the
treatment variables. Specifically, I assess whether bilingual education influences (i) migra-
tion patterns or (ii) school entry age. If bilingual education prompts migration, my sample
would be highly selective. Likewise, if it encourages earlier school enrollment, comparing
individuals by birth year would become problematic. As Table A.11 demonstrates, there
is no correlation between treatment assignment and either (i) birthplace in the commune

or (ii) age at school entry among those who attended school.

8 Conclusion

More and more African countries use local languages instead of colonial language as the
main medium of primary education instruction. However, the literature on such at-scale
policies is still scarce.

This paper estimates returns to bilingual education in Mali using implementation data

25T take the Euclidean distance between the LSMS cluster and the border of the closest commune as
my main measure of distance. I do not consider the random displacement of GPS points in my analysis
as a limitation, as the random offset procedure ensures that the enumeration area stays within the lowest

administrative unit (Michler et al., 2022).
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on current bilingual education. The impacts are high, both in terms of learning and
schooling. Girls are the ones who benefit the most from these additional new languages
of instructions.

These results have strong policy implications. In particular, they indicate that some
requirements are needed for bilingual education to be efficient. Further research is needed
to understand the complementarity between basic school inputs and bilingual curricula
which would provide policymakers with more precise estimates of bilingual education’s

benefits under various implementation contexts.
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Appendix

A Context
A.1 History of bilingual education prior to the 1999 policy

First generation experimental schools. In 1979, 4 schools opened a class using
bilingual education in Bamanankan only, the main vehicular language in Mali (Calvet,
1993; Traoré, 2001). Teachers used the local language only in the first four years of
primary education. Positive evaluations of the bilingual program at the beginning of the
experiment led to its rapid expansion. A few years later, almost 100 schools operated in the
four main languages: Bamanankan, Songhay, Tamasheq, and Fulfulde (Hutchison, Diarra,
and Poth, 1990; Skattum, 2010). Lack of monitoring, teacher training, and sufficient
budget led to the end of the first experimentation at the beginning of the 1990s (Skattum,
2010).

The Pédagogie Convergente. This new experiment, developed and piloted by a Bel-
gian linguistics center (the CIAVER?%), started in 1987 with two classes in Segou in Ba-
manankan. After a positive evaluation of the pilot, it rapidly expanded in 1994 to other
languages and counted a bit more than 100 schools in 1997 (Traoré, 2001). Contrary to
the first experimental schools, the 6 years of primary education were entirely taught in
the local language, with a progressive introduction to French once students fully mastered
the mother tongue.

Qualitative and quantitative evaluations conducted during the experiment provided
mixed evidence about its results (Skattum, 2010; Traoré, 2001). Maurer (2007) also

reported implementation issues that hindered the program’s scale-up.

26Centre International Audiovisuel d’Etudes et de Recherches
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A.2 Additional inputs

figures/manuel_bambara_gradel_1.png

figures/manuel_bambara_gradel_2.png

Figure A.1: Examples of a textbook in Bamanankan for grade 1 students
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figures/mali_lge_tree.png

Notes: This figure presents the different language trees for the 12 languages that can be used as a language of instruction as stated in the 1999 bilingual
education reform in Mali. Ethnologue is the source used to create the trees (Eberheard, Simons, and Fennig, 2025). Yellow cells indicate languages while
green cells indicate language families. Family connections are indicated with black lines. The four language families on the left hand side of the figure are
the higher level of language families as listed in Ethnologue.

Figure A.2: Language trees for the languages of instruction in Mali



A.3 Tables

Primary education Local language French

Grade 1 100% 0%

Grade 2 75% 25%
Grade 3 50% 50%
Grade 4 50% 50%
Grade 5 25% 75%
Grade 6 25% 75%

Table A.1: Time spent teaching in French and the local language at each grade of the

primary cycle

Notes: This table comes from the work of Diarra (2020).

37



Region Language(s)

Kayes Soninke, Bamanankan, Fulfulde, Khassonke
Koulikoro Bamanankan, Syenara, Mamara

Sikasso Bamanankan, Syenara, Mamara

Segou Bamanankan, Bomu, Mamara

Mopti Fulfulde, Dogon, Bamanankan, Songhay, Bozo

Tombouctou Songhay, Tamasheq, Fulfulde

Gao Songhay, Tamasheq
Kidal Tamasheq
Bamako Bamanankan

Table A.2: Language choice per region

Notes: This table comes from the work of Diarra (2020) and indicates the local language(s)

chosen to be languages of instruction for at least one school in each region.
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Year Geographical level Information Source

1994-1997  District Number of BS per language Diarra (2020)
2002 District Number of BS MEN (2003)
Region Number of BS per language 77

2005
District Number of BS 77
List of BS with Diarra (2013b)
2011 Commune

info. on their status

Table A.3: Year, geographical level, and information available for bilingual education

Notes: "BS" stands for bilingual schools. "1994-1997" stands for "from 1994 to 1997". This table
gives information about data retrieved about bilingual education supply in Mali. To document the
expansion of bilingual education, I use original data from several reports published by the Bilingual
Education Department within the Ministry of Education between 2002 and 2011 (Diarra, 2013b;
MEN, 2003). T also use data on the first experiments from a PhD thesis in linguistics (Diarra, 2020).
From the different sources detailed previously, I can document four periods: the first experiment

from 1994 to 1997, then 2002, 2005, and 2011. Diarra (2020), Diarra (2013b), and MEN (2003).
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Characteristics Mean SD N

A. Individual characteristics

Female (0/1) 0.55 0.5 8636
Age 23.7 6.12 8636
Muslim (0/1) 0.95 0.22 8636
Urban (0/1) 0.49 0.48 8636
Attended school (0/1) 0.51 0.5 8635
Number of schooling years 4.01 6.25 8636
Literate in French (0/1) 0.52 0.5 8633
Literate in the local language (0/1) 0.13 0.33 8623

B. Commune characteristics

Number of students in school age 616.65 893.63 167
Number of primary schools 24.74 35.01 167
Share of bilingual schools 0.45 0.32 167
Linguistic HHI 0.46 0.15 165

Notes: (0/1) indicates a dummy variable. SD stands for standard deviation.
N stands for the number of non-missing observations for each variable. All

descriptive statistics are computed using weights provided in the LSMS survey.

Table A.4: Description of the sample
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High exposure

Low exposure

Diff. in Means

Mean (1) Std Mean (2) Std (2)- (1) p-value

Female (0/1) 057 050 059 049  0.02  0.28
Age 29.29 3.41 29.17 3.40 -0.12 0.34
Muslim (0/1) 095 023 096 020 001 0.2
Urban (0/1) 0.30 046 036 048 0.05%% .00
Attended school (0/1) 0.36 0.48 0.44 0.50  0.07*** 0.00
Number of schooling years 4.38 6.78 5.51 7.58 1.13***  0.00
Literate in French (0/1) 0.36 0.48 0.45 0.50  0.09%** 0.00
Literate in the local language (0/1) 0.12 0.33 0.11 031  -0.01  0.20
N 1.599 1.692

Notes: This table uses the sample of individuals born before 1994, i.e. before the official

introduction of local languages in education.

The first and second columns present the

average and the standard deviation of every outcome detailed on the left column for the

high-exposed to bilingual education individuals, the third and the fourth the same statistics

for the low-exposed to bilingual education individuals.

The fifth communes present the

differences in means between the first and the third column, and the results of the t-test are

given in the sixth column. I use the weights provided in the LSMS to perform the analysis.

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Table A.5: Balance table at the individual level between communes with high and low

exposure to bilingual education

41



A.4 Maps & Graphs

maps/map_mali.pdf

Notes: This figure maps the regions and districts covered by the 2011 census on the bilingual schools. It
also maps the border of the Malian territory as a whole. Regions are indicated in bigger size, while districts

are indicated by smaller size letters.

Figure A.3: Map of Mali with regions covered by the 2011 bilingual education census
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maps/map_be.pdf

Notes: Solid black lines represent the regional borders, dashed black lines represent the district borders,
and gray lines represent the communal borders. The color represents the intensity in the fraction of
bilingual schools in each commune: the whiter the commune, the less the provision of bilingual education
in the commune. The green triangles represent the location of LSMS clusters used in the analysis. This
figure maps only the following regions considered in the empirical analysis: Bamako, Kayes, Koulikoro,

Segou, and Sikasso.

Figure A.4: Bilingual education supply in 2011 and LSMS clusters by commune
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maps/map_ling_area.pdf

Notes: Solid black lines represent the regional borders, dashed black lines represent the district borders,
and gray lines represent the communal borders. The color represents the intensity in the fraction of
bilingual schools in each commune: the whiter the commune, the less the provision of bilingual education
in the commune. The colored triangles represent the location of LSMS clusters, and the main language

spoken in the cluster.

Figure A.5: Map of LSMS clusters with the main language spoken
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maps/map_sch_building.pdf

Notes: Solid black lines represent the regional borders, dashed black lines represent the district borders,
and gray lines represent the communal borders. The color represents the growth rate of the education
supply at the commune level: the whiter the commune, the less schools were built between 1998 and 2009,

in comparison to existing school supply in 1998.
Figure A.6: Map of the education growth rate between 1998 and 2009 at the commune

level
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figures/evolution_schools.pdf

Notes: The orange line represents the school supply, regardless of the languages of instruction used in the
school. The school supply was inferred from the national census data. The orange dotted line represents
the number of bilingual schools. The number of bilingual schools was retrieved from archival sources from
the Bilingual education monitoring section. The four points in time are the only years for which I have

accurate data (see Table A.3).

Figure A.7: Time evolution of the number of schools

46



B Additional results

B.1 General results

figures/es_lite_fr.png

Notes: Point estimates and 95% confidence intervals are derived from an event study regression over the
1985-2003 birth cohorts. In addition to time and commune fixed effects, I use district fixed effects to
capture that the median of bilingual education share varies across districts. To obtain these estimates, I
perform two distinct regressions: one with whether the individual knows how to write in French as the
dependent variable and one with whether the individual knows how to read in French as the dependent
variable. I cluster at the LSMS cluster level, which corresponds roughly to the village level. Individuals
born in 1993 are the last birth cohort to be taught entirely in French, i.e., not treated, represented by a
black dashed vertical line.

Figure A.8: Event study results for literacy in French
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figures/es_schatt.png

figures/es_prim_c.png

figures/es_dipl_cep.png

Notes: See Figure A.8 for additional notes.

Figure A.9: Event study results for schooling outcomes
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figures/es_lite_oth.png

Notes: Point estimates and 95% confidence intervals are derived from an event study regression over the
1985-2003 birth cohorts. In addition to time and commune-fixed effects, I use district-fixed effects to
capture variation in the median bilingual education share across districts. To obtain these estimates, I
perform two distinct regressions: one with whether the individual knows how to write in another language
as the dependent variable (in orange), and one with whether the individual knows how to read in another
language as the dependent variable (in green). I cluster the standard errors at the LSMS cluster level,
which corresponds roughly to the village level. Individuals born in 1993 are the last birth cohort to be

taught entirely in French (i.e., not treated), represented by a black vertical dashed line.

Figure A.10: Event study results for literacy in another language
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Dependent Variables: Attended Completed Primary school
school primary education diploma

Model: (1) (2) (3)

Variables

Born after 1994 0.156*** -0.020 0.073***
(0.019) (0.022) (0.016)

High exposed commune 0.023 0.019 0.028
(0.032) (0.033) (0.032)

Born after 1994 x High exposed commune  0.059** 0.042 0.041*
(0.026) (0.031) (0.025)

Fized-effects

District FE Yes Yes Yes

Fit statistics

Mean of Y 0.495 0.282 0.305

Observations 8,635 6,001 8,635

R? 0.12179 0.10339 0.12921

Clustered (LSMS cluster) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Notes: All dependent variables are binary outcomes. The model estimated is a linear regres-

sion. The level of analysis is at the individual level, i.e. one observation is one person. The

differences in the number of observations is related to missingness of the outcome of interest

in the raw LSMS data. I use the weights given in the LSMS data, and cluster the standard

errors at the enumeration area. Clustering at the treatment level, i.e. the commune, produces

the same results.

Table A.6: TWFE results on schooling outcomes
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B.2 Heterogeneity results

figures/het_mother_educ.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. I use district fixed effects to capture the fact that
the median of bilingual education share varies across districts. I cluster at the LSMS cluster level, which
corresponds roughly to the commune level. To obtain heterogeneous effects, I interact the DiD coefficient
in Equation 1 with a dummy equal to one if the mother went to school, and add this dummy as well to
the set of fixed-effects.

Figure A.11: TWFE coefficient estimates of bilingual education effects, by mother educa-

tion
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Local language French Attended Completed  Primary school

Dependent Variables: Writing Reading Writing Reading  school  primary educ. diploma

Model: (1) (2) 3) (4) (5) (6) (7)

Variables

Boy dummy 0.177=* 0.179** 0.083*** 0.083***  0.161*** 0.151*** 0.131***
(0.014)  (0.015)  (0.010)  (0.010) (0.014) (0.016) (0.013)

Interaction coefficient for boys  0.029 0.025 0.010 0.013 0.041 0.013 0.024
(0.032)  (0.032)  (0.023) (0.022) (0.030) (0.036) (0.029)

Interaction coefficient for girls  0.087***  0.088***  0.068*** 0.065***  0.083*** 0.061* 0.063**
(0.030)  (0.031)  (0.019)  (0.018) (0.029) (0.033) (0.026)

Fit statistics

Mean of Y 0.123  0.118 0489  0.484 0.495 0.282 0.305
Observations 8,636 8,633 8636 8,623 8,635 6,001 8,635
R2 0.17880  0.17603 0.05446 0.05389  0.14440 0.12757 0.14643

Clustered (LSMS cluster) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Notes: All dependent variables are binary outcomes. The model estimated is a linear regression. The level of analysis is at the individual
level, i.e. one observation is one person. The differences in the number of observations is related to missingness of the outcome of interest in
the raw LSMS data. I use district fixed-effects. I use the weights given in the LSMS data, and cluster the standard errors at the enumeration
area. Clustering at the treatment level, i.e. the commune, produces the same results. I report here only interaction terms estimates and the

coefficient associated with being a boy.

Table A.7: TWFE results, by gender



figures/het_father_educ.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. I use district fixed effects to capture the fact that
the median of bilingual education share varies across districts. I cluster at the LSMS cluster level, which
corresponds roughly to the commune level. To obtain heterogeneous effects, I interact the DiD coefficient
in Equation 1 with a dummy equal to one if the father went to school, and add this dummy as well to the
set of fixed-effects.

Figure A.12: TWFE coefficient estimates of bilingual education effects, by father education
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figures/het_elf.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. I use district fixed effects to capture the fact that
the median of bilingual education share varies across districts. I cluster at the LSMS cluster level, which
corresponds roughly to the commune level. To obtain heterogeneous effects, I interact the DiD coefficient
in Equation 1 with a dummy equal to one if the commune has a linguistic Hirschman Herfindhal Index

higher than the median, and add this dummy as well to the set of fixed-effects.

Figure A.13: TWFE coefficient estimates of bilingual education effects, by linguistic di-

versity
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figures/het_lang.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. I use district fixed effects to capture the fact that
the median of bilingual education share varies across districts. I cluster at the LSMS cluster level, which
corresponds roughly to the commune level. To obtain heterogeneous effects, I interact the DiD coefficient
in Equation 1 with a dummy equal to one if the main language spoken by individuals at the commune
level is Bamanankan (obtained by aggregating the number of speakers for every language at the commune

level), and add this dummy as well to the set of fixed-effects.
Figure A.14: TWFE coefficient estimates of bilingual education effects, by the main lan-

guage of the community
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figures/het_urban.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. I use district fixed effects to capture the fact that
the median of bilingual education share varies across districts. I cluster at the LSMS cluster level, which
corresponds roughly to the commune level. To obtain heterogeneous effects, I interact the DiD coefficient
in Equation 1 with a dummy equal to one if the village (LSMS cluster) is urban, and add this dummy as

well to the set of fixed-effects.

Figure A.15: TWFE coefficient estimates of bilingual education effects, by urban/rural

status
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B.3 Relaxing the homogeneity treatment effect

figures/cont_did_cs.png

Notes: Point estimates are derived from a continuous DiD regression following the method in Callaway,
Goodman-Bacon, and Sant’Anna (2024). The R code used for this regression can be found here. Each
point represents the ATT for every fraction of bilingual schools among the total number of schools in the
commune. The orange color indicates estimates for writing skills in the local language, while the green
color highlights the results for French. The solid lines indicates the sample mean for the outcome of the

same color.

Figure A.16: Continuous DiD for writing skills in French and in the local languages
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https://bcallaway11.github.io/lsu-workshop/Exercises/Exercise-2/exercise2a.html

figures/het_med_BS_quant.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. I use district fixed effects to capture the fact that
the median of bilingual education share varies across districts. I cluster at the LSMS cluster level, which
corresponds roughly to the commune level. To obtain heterogeneous effects, I interact the DiD coefficient
in Equation 1 with a dummy equal to one if the median share of bilingual education at the district level

is higher than the national median, and add this dummy as well to the set of fixed-effects.
Figure A.17: TWFE coefficient estimates of bilingual education effects, by the median

share of bilingual education provision
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Local language French Attended Completed Primary school
Dependent Variables: Writing Reading Writing Reading  school  primary education diploma
Model: (1) (2) 3) (4) (5) (6) (7)
Variables
Born after 1994 0.017 0.015  0.142** 0.140***  0.160*** -0.035 0.076™**
(0.013)  (0.012)  (0.020)  (0.020) (0.019) (0.023) (0.017)
High exposed commune -0.0004  -0.0007  -0.003 -0.004 -0.012 -0.016 -0.006
(0.015)  (0.014)  (0.037)  (0.036) (0.032) (0.033) (0.031)
Born after 1994 x High exposed commune  0.019 0.022 0.050* 0.051* 0.058** 0.064** 0.039
(0.019)  (0.018)  (0.030)  (0.030) (0.028) (0.032) (0.026)
Fit statistics
Mean of Y 0.123 0.118 0.489 0.484 0.495 0.282 0.305
Observations 8,636 8,623 8,636 8,633 8,635 6,001 8,635
R? 0.00695 0.00671 0.11743 0.11475  0.08517 0.07221 0.09628

Clustered (LSMS cluster) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Notes: All dependent variables are binary outcomes. The model estimated is a linear regression. The level of analysis is at the individual

level, i.e. one observation is one person. The differences in the number of observations is related to missingness of the outcome of

interest in the raw LSMS data. I use region fixed-effects, as the treatment uses the regional median as a reference point. I use the

weights given in the LSMS data, and cluster the standard errors at the enumeration area. Clustering at the treatment level, i.e. the

commune, produces the same results.

Table A.8: TWFE results with region fixed-effects



C Robustness checks

figures/het_gr_ss.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. I use district fixed effects to capture the fact that
the median of bilingual education share varies across districts. I cluster at the LSMS cluster level, which
corresponds roughly to the commune level. To obtain heterogeneous effects, I interact the DiD coefficient
in Equation 1 with a dummy equal to one if the growth rate between 1998 and 2009 at the commune level
(computed as one minus the share of schools in 2009 that were already existing in 1998) is higher than the

national median, and add this dummy as well to the set of fixed-effects.
Figure A.18: TWFE coefficient estimates of bilingual education effects, by the exposure

to school construction
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Local language French Attended Completed Primary school

19

Dependent Variables: Writing Reading Writing Reading  school  primary educ. diploma
Model: (1) (2) (3) (4) (5) (6) (7)
Variables
Born after 1994 0.008 0.006  0.137*** 0.136™**  0.156™** -0.021 0.072***
(0.012)  (0.011)  (0.020)  (0.020) (0.019) (0.021) (0.016)
High exposed commune 0.014 0.014 0.021 0.019 0.012 0.010 0.016
(0.015)  (0.015)  (0.041)  (0.041) (0.034) (0.035) (0.034)
Average number of school-age 0.0009**  0.0009** 0.001 0.001 0.001 0.0010 0.001
children per school (0.0004) (0.0004) (0.0009) (0.0010) (0.0009) (0.0010) (0.0008)
Born after 1994 x 0.039**  0.039**  0.055* 0.054* 0.059** 0.043 0.041*
High exposed commune (0.018)  (0.017)  (0.028)  (0.028) (0.026) (0.031) (0.025)

Fit statistics

Mean of Y 0.123 0.118 0.489 0.484 0.495 0.282 0.305
Observations 8,636 8,623 8,636 8,633 8,635 6,001 8,635
R? 0.04339 0.04229 0.15351 0.15019  0.12250 0.10404 0.13013

Clustered (LSMS cluster) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Notes: All dependent variables are binary outcomes. The model estimated is a linear regression. The level of analysis is at the individual
level, i.e. one observation is one person. The differences in the number of observations is related to missingness of the outcome of interest in
the raw LSMS data. I use district fixed-effects. I use the weights given in the LSMS data, and cluster the standard errors at the enumeration
area. Clustering at the treatment level, i.e. the commune, produces the same results. The average number of school-age children per school

is obtained by taking the ratio of the total number of children between 7 and 12 in 2009 (census) divided by the number of schools.

Table A.9: TWFE results on learning outcomes with additional controls



figures/cor_ss_bs.png

Notes: One black dot corresponds to one commune in the sample. The y-axis depicts the increase in the
number of schools from 1998 to 2009 as given in the census, in percentage. The x-axis represents the share
of bilingual schools among the total number of schools within the commune. The orange line is obtained
from regressing the share of bilingual schools on the increase in schools. The shadowed area represents the

95% confidence interval of the estimated regression coefficient.

Figure A.19: Correlation between school building and bilingual education supply
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figures/stag.png

Notes: Point estimates and 95% confidence intervals are derived from a staggered analysis using Borusyak,
Jaravel, and Spiess (2024). The dotted black vertical line indicates the last pre-treatment period. The
two sets of points and coefficient estimates are obtained through two separate regressions. The treatment
is estimated at the district level. I use region-fixed effects, and I cluster at the LSMS cluster level, which

correspondents roughly to the village level.

Figure A.20: Staggered analysis on writing literacy

63



figures/het_drop.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. In addition to time and commune fixed effects, I use
district fixed effects to capture that the median of bilingual education share varies across districts. I cluster
at the LSMS cluster level, which corresponds roughly to the village level. To obtain heterogeneous effects,
I interact the DiD coefficient with a dummy variable indicating whether the commune had some bilingual

schools that switched to the French-only curriculum.
Figure A.21: TWFE coefficient estimates of bilingual education effects, by the continuity

in bilingual education
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figures/het_str.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. In addition to time and commune fixed effects, I use
district fixed effects to capture that the median of bilingual education share varies across districts. I cluster
at the LSMS cluster level, which corresponds roughly to the village level. To obtain heterogeneous effects,
I interact the DiD coefficient with a dummy variable indicating whether the student per teacher ratio at

the district level is higher than the median.
Figure A.22: TWFE coefficient estimates of bilingual education effects, by the student-

per-teacher ratio
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Local language French Attended  Completed  Primary school

99

Dependent Variables: Writing Reading school primary educ. diploma

Model: () (2) 3) (4) () (6) (7)

Variables

Born after 1994 0.182***  0.011  0.175**  0.012 0.201*** 0.028 0.089***
(0.028)  (0.016) (0.029) (0.015) (0.029) (0.026) (0.021)

High exposed commune 0.166***  0.044** 0.161*** 0.045**  0.150*** 0.135*** 0.129***
(0.037)  (0.021) (0.037)  (0.020) (0.037) (0.032) (0.027)

Born after 1994 x High exposed commune  0.056 0.037 0.063 0.033 0.045 0.041 0.036
(0.040)  (0.025)  (0.040) (0.025) (0.040) (0.043) (0.036)

Fized-effects
District FE Yes Yes Yes Yes Yes Yes Yes

Fit statistics

Mean of Y 0.117 0.112 0.437 0.433 0.459 0.241 0.259
Observations 4,162 4,162 4,161 4,159 4,162 2,889 4,162
R? 0.17079 0.07503 0.16719 0.07337  0.15916 0.11066 0.13864

Clustered (LSMS cluster) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Notes: All dependent variables are binary outcomes. The model estimated is a linear regression. The level of analysis is at the individual
level, i.e. one observation is one person. The differences in the number of observations is related to missingness of the outcome of interest in
the raw LSMS data. I use district fixed-effects. I use the weights given in the LSMS data, and cluster the standard errors at the enumeration
area. Clustering at the treatment level, i.e. the commune, produces the same results. The sample is restricted to clusters located at least

5km from the borders of the communes.

Table A.10: TWFE results restricting the sample to communes far from the communal borders



figures/het_migr.png

Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) and (7) are school achievements indicators. In addition to time and commune fixed effects, I use
district fixed effects to capture that the median of bilingual education share varies across districts. I cluster
at the LSMS cluster level, which corresponds roughly to the village level. To obtain heterogeneous effects,
I interact the DiD coefficient with a dummy variable equal to one if the individual already experienced

migration.

Figure A.23: TWFE coefficient estimates of bilingual education effects, by migration status
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Notes: Point estimates and 95% confidence intervals are derived from a TWFE linear regression on several
outcomes: (1) and (2) are writing and reading literacy in French, (3) and (4) in the local language, and
(5) (6) in another language. In addition to time and commune fixed effects, I use district fixed effects to
capture that the median of bilingual education share varies across districts. I cluster at the LSMS cluster
level, which corresponds roughly to the village level. To obtain heterogeneous effects, I interact the DiD

coefficient with a dummy variable equal to one if the individual went to school.

Figure A.24: TWFE coefficient estimates of bilingual education effects, by school atten-

dance
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Dependent Variables: Born here (0/1) Age at the school entry

Model: (1) (2)

Variables

High exposed commune 0.004 -0.003
(0.003) (0.041)

Fized-effects
District FE Yes Yes

F'it statistics

Mean of Y 0.989 6.60
Observations 7,727 4,121
R2 0.00713 0.08627

Clustered (LSMS cluster) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Notes: I use a linear regression specification to obtain the coefficient es-
timates. I use district fixed effects, and T cluster at the LSMS cluster
level, which corresponds roughly to the village level, and use household
weights given in the LSMS survey. The mean of the outcomes is a weighted
mean, using the same weights. The dependent variables are in Column (1)
whether the individual was born in the surveyed village and in Column
(2) the age when the individual started school for individuals who went to

school (explaining the decrease in the number of observations).

Table A.11: Correlation between treatment and potential confounders
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