
2017 l VOLUME 8 l ISSUE 8 
VICE PRESIDENCY FOR ECONOMIC GOVERNANCE
AND KOWLEDGE MANAGEMENT

1

Disclaimer: The findings of this Brief reflect the opinions of the authors and not those of the African Development Bank,its Board of Directors or the
countries they represent.

Cognitive achievement in Madagascar
Frédéric Aubery and David E. Sahn1

1 | Introduction

The rise in enrollment rates experienced by most developing

countries over the previous decade has shifted the policy de-

bate from the quantity of education to issues of quality, in

terms of the objective of improving human capital outcomes.2

Despite the paucity of test score data, a direct measure of

academic achievement, the little evidence available from de-

veloping countries suggests that the gain in cognitive ability

from schooling is quite limited (Pritchett 2013; Jones et al.

2014). The viewpoint that schools are ineffective in imparting

skills and knowledge has led some to argue this as an expla-

nation for economic returns to education. Thus, more atten-

tion needs to be given to the role of cognitive skills, rather

than educational attainment per se, in determining and im-

proving labor market outcomes (Boissiere, Knight, and Sabot

1985). Similarly, Hanushek and Woessmann (2008) pointed

out that focusing on grade attainment (instead of skills) dis-

torts our understanding of the relation between education and

economic development. Indeed, the number of years of

schooling is an imperfect measure of human capital that only

reflects the quantity of schooling, neglecting how school qual-

ity and family background affect learning and cognition.

It is, thus, the issue of the extent to which schooling trans-

lates into effective human capital measured by cognitive

achievement that motivates our paper. More specifically, the

focus of our paper is to understand the gain in knowledge of

an additional year of schooling in the low-income island na-

tion of Madagascar. Estimating the long and complex

process of human capital accumulation requires a full his-

tory of parental and school inputs, as well as detailed infor-

mation on children’s characteristics (Todd and Wolpin 2003).

Some of these factors, like parents’ preferences or individ-

ual innate abilities, remain unobservable. Others, like the tim-

ing of schooling or attendance, result from a choice made by

parents or the student herself, based on the perception of a

child’s potential, opportunities in the labor market, and the

quality of schools. Under the reasonable assumption that

unobserved heterogeneity is correlated with the use and

quality of specific inputs, ordinary least squares (OLS) would

not produce consistent estimates of the impact of schooling

on skills. The demand in terms of data required to deal with

this heterogeneity remains an important obstacle to the es-

timation of a cognitive production function, and thus, much

1 Frédéric Aubery is a PhD Candidate - Centre d’Etude et de Recherche sur le Développement International (CERDI) - fred.aubery@gmail.com - 65 Boulevard
François Mitterrand, 63000 Clermont-Ferrand - 04 73 71 74 20 • David E. Sahn, Department of Economics and Division of Nutritional Sciences, Cornell
University. Email: david.sahn@cornell.edu.

2 The topic for the upcoming World Development Report 2018, published by the World Bank will focus on education, the first WDR devoted to education in al-
most 40 years. The Concept Note about the Report asserts: “Education is a foundational building block for achieving nearly every other development goal” (World
Bank 2017).
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of the literature on the determinants of human capital is ded-

icated to the identifying ways to avoid bias and draw causal

inference.

One solution to this problem is to exploit exogenous variation

in schooling in experimental (Filmer and Schady 2014) or

quasi-experimental designs (Banks and Mazzonna 2012;

Carlsson et al. 2015). Alternatively, panel data offers perhaps

the best opportunity to model the dynamic dimension of

learning. It allows for the use of individual fixed effects, thus

capturing time-invariant unobservable characteristics, and for

the estimation of value-added models (VAM), where a meas-

ure of prior achievement is introduced into the model with the

aim of controlling for the complete history of observable and

unobservable inputs (Todd and Wolpin 2003; Andrabi et al.

2011; Harris and Sass 2011).

In this study, we use the VAM methodology to estimate the

extent to which an additional year of schooling contributes to

the acquisition of skills among a cohort of Malagasy. More pre-

cisely, we assess the role of schooling on the gain in skills dur-

ing the years that the cohort progresses from adolescence to

adulthood. We address the challenge of the endogeneity of

schooling at the baseline, when the cohort is 13 to 15 years of

age, using an instrumental variable approach. Our results sug-

gest that cognitive skills are still malleable at adolescence and

that schooling is the main vehicle for the acquisition of skills. 

2 | Analysis and Findings

2.1 Data and empirical approach

Our analysis is based on a cohort of young people born in the

late 1980s, that was initially interviewed when they were

young adolescents in the Progression through School and

Academic Performance in Madagascar Study, 2004/05 and

then re-surveyed seven years later (Madagascar Life Course

Transition of Young Adults Survey, 2011/12) as young adults.3

The sample was collected in 50 districts from the 6 regions of

the country and includes urban and rural communities. Addi-

tionally, cohort members were given cognitive tests to assess

their knowledge in mathematics and French during both

rounds. Tests were designed with the aim of obtaining a com-

parable measure of cognitive achievement among a hetero-

geneous population: they were identical for each cohort

member, regardless of their grade achievement, starting with

questions on basic knowledge and becoming progressively

more complicated. The tests included an oral and a written

component. Scores were generated using the item response

theory methodology and standardized with mean 0 and a

standard deviation of 1. Our analytical sample is restricted to

the 962 young adults who took a test at both rounds. 

The panel encompasses the period in the life-course when

young people and their families make decisions regarding in-

vestments in education: while 83 percent of young people in

our sample were enrolled at school at baseline (then aged 13

to 17 years old), only 23 percent were still enrolled in 2011/12

(then 20 to 24 years old). During the interval between survey

rounds, the cohort members, on average, completed 2.8 ad-

ditional years of schooling, although, this number masks a lot

of heterogeneity. Adolescents in the lower tail of the initial

2004 skills distribution (i.e., first quartile of the baseline math-

ematics test score) completed only 1.7 additional years of

schooling, while adolescents in the top quartile completed 3.9

on average (Figure 1). 

In this study, we are interested in estimating the relationship

between schooling and learning. Descriptive evidence sug-

gests a strong positive association between the level of

schooling and cognitive skills (Figure 2). The panel dimension

of our database gives us the opportunity to estimate the gain

in knowledge of an additional year of schooling at adoles-

cence, conditional on initial achievement. More specifically,

we estimate the following value-added model of achievement

production:

Ait = β1.Sit + β2.Fit + β3.Qi + β4.Ci + β5.Ait-1 + εit ,

where Ait is a measure of cognitive skills at adulthood, Ait-1
is a measure of the initial stock of skills, Sit is the number of

additional years of schooling between survey rounds, Fit is a

vector of family inputs and background characteristics, Qi is

a vector of school quality in the district, and Ci is the control

for adolescents’ characteristics. The inclusion of a lagged

achievement score in the production function accounts for

the history of inputs that entered the production function be-

fore period t (Todd and Wolpin 2003). As the schooling deci-

sion is not random and likely to be taken in accordance with

an adolescent’s performance and innate ability, we employ an

instrumental variable strategy to control for the endogeneity of

additional schooling. Specifically, the presence of a high

school in the community and the number of years since the

3 Nearly 89 percent of the targeted cohort members were interviewed in the last round, which makes the attrition rate remarkably small, as compared to other
individual-based panel data collected in sub-Saharan Africa. 
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first primary school was built (proxies for the diffusion of in-

vestment in education infrastructures at the local level) are

used as exogenous instruments. 

2.2 Results

Regressions of the value-added models of cognitive achieve-

ment provide evidence that skills are still malleable at teenage

years and that schooling translates into skills. OLS estimates

display a strong positive relationship between schooling and

skills: conditional on initial endowment, an additional year of

schooling is associated with an increase in mathematics and

French reading skills of about 0.16 and 0.17 standard devia-

tions, respectively (Table 1). As previously mentioned, the

schooling parameter estimated with OLS should be inter-

preted carefully. Two-stage least squares estimates (2SLS)

provide larger coefficients for schooling: an additional year of

schooling increases the French test score by 0.24 standard

deviations and the mathematics test score by 0.34 standard

deviations, suggesting that simple OLS regressions underes-

timate the role of schooling on skills.4

We speculate that the larger coefficients in instrumental vari-

ables models capture the local average treatment effect, that

is, the effect of additional schooling on skills for those have

been induced into more schooling because of the availabil-

ity of school infrastructure and long-term investment in

school infrastructure in the community (our exogenous in-

struments). Results are robust to a variety of alternative

specifications. 

While schooling appears to be the main vehicle for the ac-

quisition of cognitive skills, family background has both a di-

rect and an indirect effect on skills formation. The main effect

of family background operates through the impact of level of

schooling of the cohort member: both parents’ education and

wealth are strong predictors of grade attainment at the time

of the first survey when the cohort members were adoles-

cents, as well as have a strong effect on additional schooling

beyond the teenage years. Conditional on schooling, the di-

rect effect of parent’s education is modest but significant, es-

pecially for mothers. Conversely, we observe a large and sig-

nificant direct wealth effect. Conditional on schooling: being

from the richest wealth quartile (a proxy for parents’ invest-

ment, estimated at baseline) increases the scores by 0.30 to

0.43 standard deviations, as compared to adolescents from

more disadvantaged backgrounds. Additionally, skills forma-

tion is sensible to economic shocks. 

3 | Conclusions and recommendations

In this paper, we provide evidence that schooling translates

into cognitive skills, demonstrating the importance of school-

ing in the context of the transition to adulthood in Madagas-

car. The value-added of an additional year of schooling on

skills at adolescence ranges between 0.16 and 0.34 standard

deviations for mathematics and French test scores, respec-

tively, depending on the estimation method. These findings

suggest that cognitive skills continue to increase markedly

among adolescents who remain in school and that further

progress in schooling is the main vehicle for the acquisition

of skills. Family background is also an important determinant

of cognitive ability, but the effect is primarily indirect, through

school attainment, rather than direct, as shown by the mod-

est effect of parents’ education and assets on skills, condi-

tional on grade achievement. 

That being said, adolescence is the period when the skills gap

widens as a consequence of the dynamics of additional

schooling. Parents’ education and wealth are both strongly

associated with grade attainment. Since schooling is a pow-

erful device to increase the average level of cognitive skills in

a population, attention should be paid to efforts to delay drop-

ping out of school, through policies that increase the avail-

ability and access to secondary school. Perhaps most

important, while there is considerable concern about the low

quality of schooling in poor countries, such as Madagascar,

and the current focus in the education sector is on quality im-

provements, rather than increasing enrollments, out study

provides strong evidence that schooling, despite its low qual-

ity, is the main mechanism for achieving better cognitive skills

among young adults.

4 The instrumental variables strategy is valid according to the Hansen J-test statistics and the F-statistics on excluded instruments.
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Figure 1 Grade progression between rounds by quartile
of mathematics scores at adolescence 

Notes: The mathematics test score was generated using the item response theory

methodology and standardized with mean 0 and standard deviation of 1. The rela-

tionship between level of education and the distribution of the French test score dis-

plays a similar pattern. 

Figure 2 Distribution of the mathematics test score at adulthood
by level of education and gender 
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Table 1 Value-added model of cognitive achievement for mathematics and French

VARIABLES
FRENCH SCORE MATH SCORE

OLS 2SLS OLS 2SLS

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

Additional schooling 0.174*** 0.236* 0.165*** 0.339**

(0.013) (0.126) (0.015) (0.145)

Lagged score 0.188*** 0.160** 0.198*** 0.118

(0.043) (0.075) (0.034) (0.077)

Gender (male =1) -0.062 -0.085 0.067 0.015

(0.048) (0.074) (0.055) (0.081)

Mother’s education 0.020*** 0.018** 0.029*** 0.015

(0.007) (0.008) (0.011) (0.015)

Father’s education 0.019** 0.015 0.005 -0.008

(0.007) (0.012) (0.009) (0.014)

Household wealth quartile (2nd) 0.078 0.036 0.138 0.046

(0.091) (0.114) (0.089) (0.115)

Household wealth quartile (3rd) 0.242** 0.208* 0.368*** 0.307**

(0.101) (0.111) (0.110) (0.131)

Household wealth quartile (4th) 0.353*** 0.302** 0.432*** 0.327**

(0.111) (0.143) (0.112) (0.144)

Observations 811 811 742 742

R-squared 0.613 0.599 0.524 0.406

F-test 43.80 28.06 29.02 21.75

F-test of excluded instruments 11.26 13.55

Kleibergen–Paap test 14.52 15.85

P-value Hansen test 0.656 0.805

Notes: Standard errors (in parentheses) are clustered at the community level. Dependent variables are French and math IRT scores, standardized with

mean 0 and standard deviation of 1. Columns (1) and (3) displays results from the ordinary least squares estimates (OLS). Columns (2) and (4) displays

results from two-stage least squares estimates (2SLS). Household wealth refers to the household where a cohort member was living at baseline. Wealth

quartiles are ranked from the poorest (first quartile, omitted) to the wealthiest (fourth quartile). Control variables not shown are adolescent’s age, stan-

dardized height, and birth order; primary school infrastructure quality and primary school teachers’ education (community mean at baseline); remote-

ness index; regional dummies; household size; gender of household head at baseline; number of months between the two rounds of surveys; and a

set of economic shocks.

Significance : *** p<0.01, ** p<0.05, * p<0.1
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Table 2 Alternative specifications of the 2SLS estimates

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

Dependent variable: French score

Additional grade 0.271** 0.243** 0.253** 0.243** 0.236*

-0.12 -0.123 -0.121 -0.124 -0.126

Observations 857 836 829 829 811

R-squared 0.523 0.577 0.575 0.589 0.599

Dependent variable: Math score

Additional grade 0.368*** 0.339*** 0.344** 0.335** 0.339**

-0.114 -0.126 -0.138 -0.139 -0.145

Observations 786 765 759 759 742

R-squared 0.343 0.401 0.395 0.412 0.406

Additional covariates:

Cohort member’s characteristics x x x x x

Family background x x x x

School infrastructure quality x x x

Economic shocks x x

Cohort member’s height x

Notes: Two-stage least squares estimates. Standard errors (in parentheses) are clustered at the community level. Dependent variables are French and

math IRT scores, standardized with mean 0 and standard deviation of 1. 

Significance: *** p<0.01, ** p<0.05, * p<0.1
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