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Abstract 
 

This paper uses linked household, school, and test score data from Madagascar to 
investigate the relation of household characteristics and school factors to the 
cognitive skills of children ages 8 to 10 and 14 to 16.  In contrast to most 
achievement test studies in developing countries, the study uses representative rather 
than school-based samples of children and combines detailed information on school 
and family background.  Schooling of mothers matters far more for learning than 
schooling of fathers, perhaps reflecting differences in parental time spent with 
children on schoolwork. Even these effects, however, are significantly attenuated 
when controlling for choice of residence or school.  Skills are also affected by aspects 
of primary schools, including teacher experience and infrastructure. 
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1. Introduction 
 
Investments in children’s human capital have important implications for both for individual well 
being and for economic growth.  The roles of family background and policy in shaping children 
capital, in particular via schooling, therefore have been the subject of an enormous amount of 
research in both developed and developing country contexts.   Among the key questions this research 
has tried to address are the relative importance of household characteristics such as parental 
education and wealth, on the one hand, and school factors such as cost, distance and quality, on the 
other.  The investigation of these factors, and in particular family characteristics, in turn can shed 
light on the nature of persistent poverty and inequality, since it is plausible that a major transmission 
of poverty across generations is through low investments in children by poor or poorly educated 
parents. 
 

An important limitation of most previous work on human capital determinants in developing 
countries is that the outcome variable considered in this research has been school enrollment or grade 
attainment, rather than direct measures of skills.  The former are usually easily obtained from 
household surveys, while the latter requires that children be given tests.  However, given variation in 
school quality, ability, and other factors, the level of schooling attained may be a poor proxy for 
actual skills, that is, human capital.   In some countries, low education quality means that children 
may spend many years in school without acquiring basic skills (Glewwe and Kremer 2006; Filmer, 
Hasan, and Pritchett 2006).  Gaps in skills (as measured by performance on internationally 
comparable tests) between students at comparable grade levels in developed and developing 
countries are large, and the skills gaps appear to be much larger than gaps in school attainment 
(Hanushek and Woessman 2008).   A recent comprehensive review of developed and developing 
country evidence (Hanushek and Woessman 2008) concludes that cognitive skills are strong 
determinants of individual earnings, economic growth, and the level of economic inequality.  
Significantly, these impacts are generally found even when individual or population level educational 
attainment is controlled for, suggesting that attainment and actual skills or human capital are not the 
same thing (and that each matters).   

 
These factors underscore the need for research and policies directed at the determinants of 

children’s cognitive skills, not just their grade attainment or enrollment.  This view has been stated 
strongly by a growing number of observers (Hanushek and Woessman 2008; World Bank 2007; 
Filmer, Hasan, and Pritchett 2006).  However, research on the determinants of cognitive skills in 
developing countries remains quite sparse.  Studies that do measure cognitive skills, including those 
using internationally comparable tests (including, for Africa, PASEC in francophone Africa and 
SADEC in Southern Africa), are mostly school-based.  There are several general limitations of 
school-based analyses of skills determinants. 

 
The first is sample selectivity.  School-based surveys only capture those children who have 

been entered school and who have stayed in school through the grade in which the testing is done.  
For very poor environments where some children never attend school and others withdraw from 
school early, such samples will clearly be unrepresentative of all children of the age in question.   A 
second problem is that while school-based surveys may contain fairly detailed information on 
schools—it is straightforward to collect information on school or teacher attributes concurrent with 
administering in-class achievement tests—they usually have little or no information on children’s 
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socioeconomic status or other family characteristics.2  Thus, this strain of research ends up focusing 
on the relationship between skills and school characteristics,   shedding little light on the role of 
family characteristics on human capital formation.  Further, since family characteristics such as 
wealth and parental education may well be correlated with included school factors, the estimates of 
the effects of school factors on achievement may themselves be biased.  Given the limitations of 
school-based testing with respect to collecting information on children’s household environments, 
research on the linkages of achievement and family background, including the present study, has 
instead usually relied on household surveys that also include testing of children.   

 
A third problem that is common to the vast majority of analyses of the determinants of 

skills—whether school or household based—is that local school quality may be non-random with 
respect to educational outcomes.  Good schools may tend to be located in communities where active 
parents push for them while at the same time also insuring better scholastic outcomes through other 
means which may not be captured in surveys, biasing upward the estimates of school quality effects.  
Alternatively, governments may direct school improvements to areas where such outcomes tend to be 
poor, biasing downward school quality effects.  This problem, as well as problems of measurement 
error and omitted characteristics, may be one reason why there is not much consistency in findings 
across the many non-experimental developing country studies estimating the effects of school or 
teacher factors on learning (summarized in Glewwe and Kremer 2006).   Further, bias in school 
effects estimates in general will lead to bias in other regressors, including those for family 
characteristics.  

 
Estimates of the effects of household characteristics on learning in developing countries 

remain uncommon because there are few household surveys that include cognitive testing of   
children.  The findings of studies carried out to date are not consistent.  For Senegal, Glick and Sahn 
(2008) find that test performance at the end of second grade is positively affected by household 
wealth and the level of maternal schooling but not paternal schooling.  Similarly, for middle school 
students in Ghana, Glewwe, and Jacoby (1994) find mother’s education has a significant positive 
impact on reading and math scores but father’s education had virtually no effect.   A different 
Senegal study (Glick and Sahn, forthcoming) of older children (age 14–17) in the same sample finds 
relatively few impacts of mother’s and father’s education or household wealth on scores on four 
different skills tests controlling for grade attainment, though each of these increase attainment.   In 
contrast, for Cebu, Phillipines, Zayats (2005) found significant impacts of mother and father 
education (and usually also, household income) on test scores at age 12–13, with or without controls 
for grade, as did Aturupane, Glewwe, and Wisniewski (2007) for Sri Lankan fourth graders.  

  
These developing country findings suggest that the effects of parents’ schooling and 

household resources on achievement (test scores) may be different from their effects on grade 
attainment (though their impact on achievement may of course operate in part through attainment); 
clearly it is important to consider both outcomes.  Mother and father schooling impacts on skills may 
also differ from each other, and in some cases mother’s education appears to be more important.   

 

                                                
2 Some school based studies include, in addition to tests, brief questionnaires for students with basic questions on 
specific assets owned by the family and parents’ education.  These questions tend to be limited in number but may 
serve in the analysis of achievement determinants for older students.  For young students, however, such as the 
younger group (8–10 years old) considered in this paper, such self-reported data are likely to be both too limited in 
scope and unreliable.  
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An additional question for which there is little developing country evidence is the age 
specificity of the effects of family and school characteristics.  Recent research in the US suggests that 
the home environment in the pre-school period has very strong, and difficult to reverse, impacts on 
children’s school readiness and later academic and labor market success (see Carneiro and Heckman 
2003).  In a developing country context (Ecuador), Paxson and Schady (2007) show that preschooler 
cognitive development is positively affected by parental education and household wealth.  It follows 
that these factors may strongly influence performance on school tests early in a child’s primary 
schooling, even before the cumulative impacts of low or high school quality are manifested.  On the 
other hand, it is possible in certain contexts that parental and household inputs will matter more for 
older children.  For example, older students will require more time for home study while also having 
higher opportunity costs of time than younger students.   We would expect that better-off families, 
with greater ability to hire non-family labor and to purchase food or time-saving domestic appliances, 
need to make fewer demands on children’s time in household, farm, or other work activities.  Also, 
the effect of home environment and parental characteristics may be cumulative, leading to increasing 
gaps in skills between children with favorable and unfavorable family backgrounds as child grow 
older.   

This paper examines the relation of household characteristics and school factors to children’s 
cognitive skills in Madagascar, a very poor country in which both low enrollment and poor education 
quality are longstanding problems, despite recent impressive increases in enrollments at the primary 
level (World Bank 2008).  It does so using unusual data, the Etude sur la Progression Scolaire et la 
Performance Academique en Madagascar (EPSPAM), that let the analysis go beyond many of the 
limitations of previous research in low income settings.   First, the data come from a household 
survey linked to detailed information on local schools, making it possible to examine the impacts on 
skills of both family background and school characteristics (and therefore avoiding one potential 
source of omitted variable bias identified above).  Second, the four tests of skills (two of which were 
oral so do not require literacy) were administered not just to children attending school, as in most 
studies using test score data which are based on  school samples, but also to children who were no 
longer in school or who never enrolled. This sampling approach lets us avoid selectivity problems 
inherent in school-based samples when non-enrollment or early dropout is significant.  Third, tests 
were administered to children in two age groups: 8 to 10, and 14 to 16, allowing us to compare the 
cumulative impacts of household and school factors on knowledge early in primary school and in 
adolescence.  For children in the younger group, who have been exposed to formal schooling for just 
a few years (87% have had three or fewer years of schooling; 65% have two or fewer), we would 
expect measured ability to be particularly strongly affected by the pre-school home environment. 

 
Despite these advantages, the data do have some common limitations that we can at best only 

partially overcome.  It is not possible to use instrumental variables or other quasi-experimental 
approaches to control for the potential endogeneity of school characteristics. For household factors, 
on the other hand, we have some options.  At least some of any bias in the estimates of household 
characteristics such as wealth and schooling is likely to come through associations of these factors 
with community or school level unobservables.  For example, the acquisition of skills by children 
attending the same school may benefit from aspects of school quality that are not captured by the 
data; if these are correlated with, say, household wealth, the estimates of the effects of wealth will be 
biased upwards.  To the extent that these factors enter the determination of test scores in linear 
fashion, their influence can be eliminated by using school fixed effects.  This approach will also 
reduce biases caused by the association of test performance with education preferences that may lead 
parents to send their children to higher quality schools while also affecting achievement in their 
children through unmeasured inputs.  It will not completely reduce such biases, since even 
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controlling for school choice, there may be individual level variation in unobserved factors correlated 
both with parental characteristics and learning outcomes.3  

 
In the next section we discuss the Madagascar context of the study, the household survey and 

tests, and the methodological approach.  In Section 3 we present the regression results.  Section 4 
concludes with implications for policy and future research.   

 
 

2. Setting, data and methods  
 
Madagascar setting 
 
Though one of the poorest countries in the world, Madagascar in recent years has made great 
progress toward increasing primary enrollments from the low levels prevailing in the early to mid–
1990s, which were the result of declines in Madagascar’s economic fortunes beginning a decade 
earlier and a concomitant deterioration in the quality of public schools.   Directly following a 
prolonged political crisis in early 2002, the government eliminated school fees in public primary 
schools and in the following year began to provide free school supplies (a book bag, a textbook, and 
a kit containing pencils and other items) to all primary school children. These efforts appear to have 
been remarkably successful in increasing enrollment, mirroring experiences with fee elimination in 
several other African countries.  Education ministry data indicate that the primary net enrollment 
ratio (number of primary age children actually enrolled over total primary age children) rose from 
67% in 2001/2002 to 98% in 2004–05, the time of our survey (World Bank, 2008).  Still, quality 
remains a concern, and indeed, may be all the more relevant given the need for the system to 
accommodate a much larger number of students.  Primary repetition is high (19% in 2005) and 
primary completion rates remain very low (60%), if better than several years earlier.  There are no 
other studies in the current high-enrollment environment of how children’s learning responds to 
household and primary school factors, something that our analysis of the younger cohort (8 to 10) in 
our data should shed light on. 
 
Data 
 
The Enquête sur la Progression Scolaire à Madagascar (EPSPAM) was carried out jointly by the 
Malagasy Ministry of Education, the Malagasy National Institute of Statistics, and Cornell University 
in 2004–2005.  The project was conceived in part as a follow-up survey to an earlier school-based 
survey known as PASEC (Programme d’Analyse des Systemes Educatifs de la CONFEMEN).  That 
survey administered tests of written math and French to students in the second and fifth grades in 
1998 (see Michaelowa 2001; CONFEMEN 1999).  The 2004 survey returned to 48 randomly 
selected clusters (defined by the catchment areas of the primary school in which the tests took place) 
of the 120 original PASEC clusters.   Since in rural areas the PASEC schools tended to be larger than 
rural schools on average (and the communities in which they were located were also larger and less 

                                                
3 Another option would be instrumental variables.  The EPSPAM data collected information on parents’ own family 
background, including the health of their parents and access to schools and health services in childhood that can be 
used as instruments for parental schooling.  Unfortunately, due to missing data on parental family backgrounds (only 
available for parents actually resident in the household, unlike information on the parents’ education), using these 
variables would entail a large and potentially selective sample reduction.  
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remote than rural communities)4, 25 additional ‘small’ communities were sampled to add to the 48 
PASEC communities.  These were selected on the basis of the presence of a public primary school 
having fewer students than the national median of about 140.  These additional schools and their 
communities were randomly selected from the list of such schools in the education ministry database 
after stratifying on province (see Glick et al., 2005 for further description of the sampling strategy). 
 

Another factor dealt with in the sampling was that the original PASEC cohort was largely 
public school-based, despite that some children attend private schools and some do not attend at all 
or drop out early.  Focusing only on children who were in the original PASEC survey therefore 
implies a potential selectivity bias.  For this reason, the following strategy was adopted for the 48 
PASEC communities.  Out of the 20 children in the initial 1998 PASEC second grade sample in each 
cluster/school, 15 were randomly selected for resurvey (ultimately, 12.5 of these children or their 
households on average were reinterviewed). In addition, in each of the PASEC clusters we selected at 
random and added to our sample 15 households that were not included in the original school based 
sample.  Among the latter, the initial enumeration procedure was designed to include households 
containing children in the following two age ranges: 8–10 (the age range of most current second 
graders), and 14–16 (roughly the current age of the 1998 PASEC second grade cohort).   One reason 
for insuring the presence of the younger children was to be able to relate current primary school 
conditions and education policies to outcomes among current primary age children.  In each of the 25 
new, non-PASEC, communities, 30 households were randomly selected from those with children in 
the two age categories.  A simple sample weighting scheme was used based on the share of the total 
(child) population in each province and rural or urban area, available from other survey sources.5   

 
The main survey instrument of EPSPAM is the household survey of 2,100 households in the 

73 communities.  While resembling a standard household survey in most respects, the survey was 
particularly detailed with respect to education.  The household survey was complemented with 
community and school surveys, the latter administered to the PASEC survey school and up to two 
additional primary or lower secondary schools used by local residents, the selection of which was 
based on relative importance.  In the 25 non-PASEC clusters, which were smaller rural communities, 
there was typically just one easily accessible primary school.  In general, primary school choice is 
fairly limited in this sample.  For example, among 8–10 year old test takers in rural areas, all but 9% 
of children attend or attended the same primary school.  In urban areas, as expected there is more 
choice: the dominant school accounts for only about 75% of the sample.  Information was collected 
in the school surveys on standard quality measures such as textbook availability, teacher 
qualifications, and building condition, as well as aspects of school and classroom organization and 
management.  Via school identification codes, this school information could be linked to child level 
data in the household surveys to provide information on the characteristics of the school attended by 
each child.6        
 
                                                
4 In the 1998 study, the choice of schools was dictated in part by the requirement that each school have at least 20 
students in both the second and fifth grades. Given high dropout rates and small overall school size in Madagascar, 
many schools, especially in remote rural areas, did not have 20 children in the fifth grade. 
 
5 In subsequent analysis we intend to focus on the PASEC subsample only and examine the evolution of skills since 
the second grade in 1998.  Preliminary descriptive analysis along these lines can be found in Glick et al. (2005). 
 
6 During the survey, the coding sheets on school characteristics were lost for two clusters, hence children from those 
clusters were not included in the analysis.   
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The cognitive tests 
 
Up to two children in each sample household in the age groups 8–10 and 14–16 (the latter including 
those in the original PASEC sample), were requested to take four short tests, no matter their current 
enrollment status.  The tests were usually administered in the home at the time of the household 
survey by personnel from the Ministry of Education.  Separate tests were designed   for each age 
group by specialists from the Ministry of Education, which also supplied pedagogists to accompany 
the survey teams to administer the tests.  Four tests were given: written tests in math and French, and 
oral tests of math and ‘life skills’.  The last of these tests was designed to capture practical 
knowledge and featured questions on such topics as good health practices, nutrition, and civics.  It 
was recognized that some children (particularly younger children and those who had little schooling) 
would find it difficult, or would be reluctant, to take written tests or tests given in French.  To get 
around these problems, one of the math tests and the life skills tests were oral rather than written, as 
just noted.  Further, the children (in both age categories) could choose either French or Malagasy 
versions of the math tests. The life skills tests were always in Malagasy.   
 

The first row of Table 1 shows the raw scores (percent correct) for each test.  Generally, the 
mean scores are not very far from 0.5; the exception is for life skills for both age groups, for which 
the mean scores exceed 0.80.  The standard deviations suggest that the tests scores have a reasonable 
level of variation, which is necessary if they are to be able to distinguish children who are more 
knowledgeable from those who are less knowledgeable. More precise assessment is given by 
Cronbach’s alpha values, a measure of the internal consistency (sometimes also called ‘reliability’) 
of the test.  A value of .8 or higher is considered to indicate a high degree of consistency.  Each of the 
tests met this criterion (see Glick et al. 2005, in which the test instruments for the older age group are 
also reproduced).  As indicated in the table, the numbers of children agreeing to take each test vary, 
with higher participation for the oral tests than the written tests, as expected.  This raises issues of 
sample selection, which are discussed in the next section. 

 
For the analysis, raw test scores were standardized by subtracting individual scores from 

means and dividing by standard deviations.  The subsequent rows of Table 1 show how these scores 
vary by household wealth and parental schooling and type of school.  Patterns are similar for each 
test and age group.   Wealth related gaps are large, with mean scores for children in the highest 
wealth quartile tending to be in the neighborhood of one standard deviation higher than for the 
poorest quartile.  Gradients by parent education are also seen.  In particular, having mother or father 
with more than 10 years of schooling (less than 10% of the sample) is associated with large gains in 
academic achievement.  Students who go (or went) to private primary school score substantially 
higher than public school students.   However, in this and the other cases, these bivariate associations 
do not control for other factors that may explain test score outcomes correlations, which the 
multivariate analysis below does.  

 
 
Estimation framework and issues 
 
We estimate variations of the following linear model explaining children’s cognitive achievement:  

Hc  = α1Xc  + α2Fc + α3Sc + α4Cc + µc + ηc  + θc + εc      (1) 
 

where Hc is human capital (measured by standardized test score) of child c and the vectors Xc, Fc, Sc , 
and Cc represent, respectively, measured characteristics of the child, family, school, and community.  
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µc, ηc, and θc capture unobserved community, school, and child/family level factors that affect 
achievement, and εc is an idiosyncratic error term.  It is important to emphasize that many important 
determinants of skills are likely to be unobserved, including many family and public investments 
since birth in the health of the child (which affects mental development and school readiness) and 
home provided inputs of parental time and resources into the child’s intellectual development, both 
before and during school age.   
 

Since the unmeasured µc, ηc, and θc enter the compound error term, biases in the estimates of 
α will arise if these terms are correlated with included characteristics Xc, Fc, Sc, and Cc.  One way to 
eliminate some potential biases—those caused by unmeasured community and school-level factors µc 
and ηc that are correlated with included household covariates---is to use community or school fixed 
effects.  In the latter case, this involves subtracting the individual values on both sides of eq. 1 by 
school-level means.  Any school or provider level unobservables that enter linearly in the equation, 
hence are common to observations in the same school, drop out as a result of this transformation.  
Note that differencing at the school level also automatically eliminates (linear) heterogeneity at the 
community level since all observations for a given school are in the same cluster.7  Further, it will 
reduce biases from individual level heterogeneity to the extent that this operates through the choice 
of school or location of residence.  The disadvantage of this approach is that while it eliminates or 
reduces biases in estimations of the effects of individual or household level factors, it cannot estimate 
the effect of school factors, since characteristics that do not vary across observations within schools 
difference out.  However, while the level effects of school factors cannot be estimated, interactions of 
these characteristics with child-specific characteristics can be.  These interactions do not difference 
out of this model since they vary within the group (e.g., gender of the child interacted with 
availability of toilets or latrines in the school).  

 
 Another issue in the data, noted earlier, is selection into the sample of test takers.  Specific 
protocols were developed for randomly selecting children for testing.  The objective was to test up to 
two children per household, depending on the number of children in the age ranges 8-10 and 14-16.   
If there more than two such children, two were randomly selected from the initial household listings 
by the survey team supervisor prior to the household interview.  The selection rule was modified to 
insure that, in PASEC sample households, the child from the original PASEC study was always 
tested.  However, the household was not obligated to have their children test, or could decline to have 
the selected child test (including for ‘valid’ reasons such as absence).  In the latter situation 
interviewers would then randomly select an alternative child from the listing of household children. 
This protocol clearly could not insure full compliance or that selection was completely random 
(unlike in school-based testing whereby conditional on enrolling and being in attendance, all students 
take the tests).  The mean number of children tested in households where there was just one 
‘relevant’ child was 0.85.  It was 1.2 in households where there were 2 or more children in the 
relevant age groups. 
 

If the decision to take the tests is based in part on unobservable factors that affect test 
performance (such that, for example, low ability children are less likely to participate), the estimates 
in the test score regressions are likely to be biased. To correct for the potential selection bias we 
employ a Heckman selection procedure. A probit for participation was run on the full sample in the 
relevant age group to generate selection correction terms for inclusion in the test score regressions.  

                                                
7 In fact, since primary school choice is fairly limited in this sample as noted earlier, community and school fixed 
effects estimates are very similar.   
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The probits included the full range of household, individual, and school variables.8 To identify the 
selection term, we also need variables that affect participation in the tests but that do not affect scores 
conditional on participation.  Following earlier work on similar data in Senegal (Glick and Sahn, 
forthcoming), we use dummies for each of the 47 survey interviewers.  In the training, interviewers 
were instructed to strongly encourage the family to permit the pre-selected child to take the test.  The 
probability of household compliance would depend in part on the interviewer idiosyncratic 
motivation, demeanor, and persuasiveness in convincing the child and her parents to comply.  The 
tests were administered not by the interviewer but, as noted, by a specialist from the ministry of 
education accompanying each survey team, and typically on a later visit to the household.  Therefore 
the household interview and the testing were generally conducted at different times by different 
people.  For these reasons, the interviewer ID code should function as a determinant of selection 
while not directly influencing test performance, hence meets the exclusion requirement.  

 
The probit results (available from the authors) indicate that a large share of the interviewer 

dummy variables is indeed significant.  For each achievement test, joint F-statistics on the 
interviewer dummies are large and easily significant at the 0.01% level.  With regard to the 
observables at the individual and family level, for all four tests the probability of taking the tests is 
positively related to the child’s grade, and negatively related to age.   Father’s education has a 
significant positive impact on sitting for the written and oral math tests but not French or life skills, 
while mother’s education and family wealth are not significant at all.  Gender and whether a child 
resides in rural or urban areas do not affect the probability of taking any test. 

 
For school variables in the test score regressions, we use characteristics of the primary school 

currently or formerly (as the case may be) attended by the child, using school identification codes to 
match children to their schools.  Almost all (96%) children in the younger group are still attending 
these schools, in line with the education ministry data mentioned above.  Among 14–16 year olds, 
about 83% are still enrolled, of which almost 90% are still in primary school.   It is possible that for 
children in communities with multiple primary schools, hence with the possibility of choosing one’s 
school, school characteristics may be endogenous to learning outcomes.  Using community averages 
for these characteristics would be an alternative, but these averages may correspond poorly to actual 
school characteristics faced by the child.  Therefore we use values for the actual schools attended, but 
given the endogeneity concerns, it should be clear that the estimates are at best suggestive of causal 
impacts of these factors.9  We include the following indicators: measures of director qualifications 
(years of schooling and experience as director); measures of teacher qualifications (share of teachers 
with more than college, i.e., lower secondary education, and share with more than five years 
experience); share of classrooms with a blackboard, whether there is a toilet or latrine and if there are 
separate facilities for girls and boys; number of books per student in the given subject in a typical 

                                                
8 In estimating the selection probit, the sample included all children in the relevant age bracket, not just those who 
had been randomly selected to take the test.  The data files do not distinguish between non-test takers who were 
asked and declined from those who were not asked.  However, given that the selection process for choosing children 
to take the test was largely random, the parameters in our selection model are picking up the effect of declining to 
take the test, not of being selected for testing.  Note finally, that, as expected, some children declined to take specific 
tests (typically written tests) while agreeing to sit for other tests (in particular, oral math and life skills). For the 
selection model such children are included as ‘refusers’ for the tests they did not take. 
     
9 As noted earlier, however, the large majority of sample children in a community attend/attended the same primary 
school, so school choice within a community is not likely to be a major source of bias in estimates of the effects of 
school characteristics.  Instead, in this sample the endogeneity concerns would arise more from non-random sorting 
of households into communities with schools of different quality.    
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third grade class in the school; whether the school is private and whether it operates for a full day or 
just half day; and the distance of the school from the center of the community.   

 
A final school covariate, drawn from the individual level data and not typically available in 

such analyses, is the share of the child’s primary school teachers to date that have been female.  For 
each child who was ever enrolled, the household survey asked the number of his or her teachers that 
were women, which is divided by the number of grades completed to get the share.  A concern is that 
this variable may be endogenous to learning outcomes if parents have some say as to who their 
child’s teacher will be.  For example, some parents might try to arrange for their daughters to be 
placed with female teachers while also taking other measures that raise their daughters’ performance, 
biasing upward the estimate of the effect of having a female teacher.  However, the survey also asked 
whether the parents had ever sought to have a female teacher.  Almost none answered affirmatively, 
so it is reasonable to treat this variable as exogenous. 

 
A final issue is whether to include grade attainment in the achievement models.  We would of 

course expect a child’s level of knowledge or skills to be a function of how long they have been in 
school.  This would argue for including grade (current for those still attending, final for those no 
longer attending).  Since grade is itself a function of included household and school factors (for 
example, parental education or wealth may affect current grade via impacts on age at entry, number 
of repetitions, and early school dropout), the coefficients on these variables would have to be 
interpreted as showing effects net of their impacts on grade.  More seriously, grade attained is very 
likely to be an endogenous variable, reflecting in part unobservable parental preferences or school 
factors, so estimates in the equation including grade are likely to be biased.  Models excluding grade 
in contrast may regarded as a proper reduced form equations indicating total effects on household 
and school factors on test scores, including through grade (though subject of course to the other 
potential biases discussed above).   Since the effects of these factors conditional on grade are of 
significant interest, we nonetheless present models including grade as well.  As with the case of 
school variables, interpretation must be made cautiously for these models.   Table 2 presents 
definitions, means and standard deviations of the variables used in the analysis.  

 
 

3. Results  
 
Tables 3 and 4 present the main test score regression results for 8–10 years olds, and Tables 5 and 6 
present the results for 14–16 year olds.  There are four models for each test: OLS with and without 
control for grade, and school fixed effects with and without controls for grade.  The models including 
school characteristics have R2s ranging mostly between 0.30 and 0.50.  The explained variance is 
higher for the written tests, probably because the samples willing and able to sit for these tests are 
more homogeneous than the larger groups taking life skills and oral math.  The level of explained 
variation in our regressions is on par with other studies of test scores using household and school data 
(e.g., Glewwe and Jacoby 1994; Zayats 2005; and Aturupane, Glewwe and Wisniewski 2007).   
 
Parental education 
 
We first consider parental schooling impacts in the non-fixed effects estimates for the younger group, 
shown in Tables 3 and 4, columns 1, 2 and 5, 6.  The base category is having two years or less of 
primary education.  There are clear, if somewhat limited, impacts of mothers’ schooling for each test.  
The most consistent impacts are for mothers having upper secondary schooling: children of mothers 
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with 10 or more years of schooling (just 8% of the sample) score roughly one half of a standard 
deviation higher on each test than children in the base category.  For lower levels of maternal 
education fewer impacts are seen. There are some effects of the mother having 6–7 years of 
schooling (corresponding to the first two years of middle school or college), but none for having 3–5 
years of primary school (five years is the highest grade in the primary cycle). When the child’s grade 
attainment is excluded, the impacts of maternal education are higher (roughly by a third for 10 years 
or more of maternal schooling), reflecting the correlation of mother’s schooling and children’s grade 
level.  Note that for children in this age group, this correlation comes about in significant part via the 
lower age at school entry of children whose mothers are educated, as documented in Glick, Sahn, and 
Walker (2008).  Earlier entry implies, naturally, that such children will have moved further through 
the primary cycle by age 8–10.  In rather striking contrast to maternal education, fathers’ schooling 
appears to have very little positive influence on test scores of 8 to 10 year olds, with or without grade 
included.  

 
Even for mother’s schooling, the impacts on test scores of this group of children are 

substantially attenuated when we control for school fixed effects, as shown in columns 3, 4 and 7, 8 
of Tables 3 and 4.  Coefficient values decline sharply and for the most part are no longer statistically 
significant outside of the life skills test.  These regressions, which control for differences in school 
and community factors affecting test outcomes, suggest that much of the positive correlation of 
maternal schooling and child achievement does not reflect a direct causal effect on the production of 
children’s skills.  Rather, the impacts may reflect a positive association of maternal education and 
school quality. This may still be capturing a causal education effect to the extent that the choice of a 
superior school (or of residence in communities where such schools exist) is a function of parental 
schooling, but this would constitute an indirect effect on learning.  

 
In the OLS regressions for the older children (Tables 5 and 6) the impacts of mother’s 

schooling appear stronger than for the younger children.  All levels of maternal education above five 
years have significant effects on scores for each test, with and without grade included.  The reduction 
in the impacts from including the child’s grade attainment is larger, which is to be expected given 
greater variation in grade for this group (due to dropout and the cumulative impacts of multiple 
repetitions): this gives more scope for maternal effects on scores via impacts on attainment.  Again, 
however, maternal schooling impacts are much smaller in the school fixed effects regressions and 
many are no longer significantly greater than zero.  Father’s education is again seen to have little 
effect on test scores.  Significant impacts of paternal education (for higher levels of attainment only) 
are seen in French, oral math, and life skills, but only when the child’s grade attainment is not 
included.  These impacts are also much smaller than those for mothers.  

 
The finding of stronger (if limited) impacts of mother’s schooling than father’s schooling on 

test scores accords with earlier work by the authors on Senegalese second graders (Glick and Sahn 
2008), and with Glewwe and Jacoby (2004) for Ghana.  It is possible that mothers spend more time 
helping children with their schoolwork than fathers do, so maternal education matters more for 
learning.  For grade attainment, in contrast, for both this sample and for Senegal (Glick, Walker, and 
Sahn 2008; Glick and Sahn 2008), father’s education matters more than mothers’education.  This 
suggests that while mothers may be more involved in assisting children with schooling on a day-to-
day basis, fathers have more say over enrollment and school continuation decisions; hence father’s 
education, which presumably correlates with paternal preferences for schooling, has a larger effect on 
these outcomes than mother’s education.  
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Other individual and family characteristics  
 
Not unexpectedly, for both age groups the child’s current grade (or last grade attended if not in 
school) is strongly associated with test scores. While as noted grade must be regarded as potentially 
endogenous to performance, Glick and Sahn (forthcoming) report that exogeneity of attainment was 
generally not rejected in similar data for 14–17 year olds in Senegal.   Further, in the fixed effects 
results, grade continues to matter (though the effects are smaller).  These models control for selection 
into schools, and thus also partially control for heterogeneity in parental preferences or aptitude that 
is linked both to attainment and scores.  Overall, therefore, it is likely that the estimates on child 
grade reflect some causal impact of the level of schooling on academic skills. 
 

The level of household resources is represented by a wealth index created using the factor 
analysis methodology of Sahn and Stifel (2003).  The index uses information on ownership of 
durable goods such as a radio, TV, refrigerator, and bicycle, motorcycle or car, as well as the source 
of drinking water and toilet facilities of the domicile.  We enter the index in quadratic form in the test 
score regressions.  There are strongly significant impacts of resources almost across the board for 
both age groups, with and without grade and with or without controlling for school fixed effects.  The 
impacts of wealth, while generally modest in size, are consistently larger for younger children.  For 
example, marginal effects calculations for school fixed effects models controlling for grade indicate 
that a one standard deviation in the wealth index raises test scores on average (over the four tests) by 
0.16 standard deviations for 8–10 year olds compared with 0.10 for 14–16 year olds.  A similar gap 
appears for specifications excluding grade and not controlling for school fixed effects. This 
difference by age is noteworthy since all things equal, effects of resources might be expected to be 
larger for older children since the test scores capture cumulative impacts of differences in wealth, and 
the school careers of the younger group are much shorter.  The findings suggest that household 
resources may be particularly important in helping young students, through the provision of home 
inputs that assist in learning, or possibly, via impacts on the pre-school home environment.  As we 
discuss in the conclusion, however, other interpretations are possible. 

 
 The gender dummy in insignificantly different from zero in almost every test score regression 
for both age groups.  These findings for academic achievement are in line with previous studies of 
enrollments or grade attainment in Madagascar (e.g., Glick, Razafindravonona, and Randretsa 2000) 
which found no differences between girls and boys.  We also include a rural/urban dummy variable, 
as well as dummies for province (not shown).  Other than for an urban advantage on French tests for 
each age group, achievement is not associated with rural vs. urban location, but there are several 
notable regional differences.  Children in the province of Fianarantsoa in all cases, and the province 
of Toamasina in few cases, have lower scores than children in Antananarivo, where the capital is 
located.  It is noteworthy that Fianarantsoa is also the poorest among the six provinces in the country 
(Paternostro, Razafindravonona, and Stifel 2001). 
 
School characteristics 
 
It bears repeating that the school characteristics in our regressions may not be exogenous to learning 
outcomes because of unobservables that affect both these outcomes and choice of school and (more 
pertinently in our sample) residential location.   In view of this, it is necessary to consider the results 
for school characteristics with caution.  That said, the results do shed some light on factors 
influencing learning outcomes. 
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 Teacher experience appears to matter a lot, especially for the children in 14–16 age group.  
For these children, the share of teachers in their primary school with at least 5 years teaching 
experience has strongly significant positive effects on scores for all tests. These teacher effects are 
not merely operating via higher grade attainment: the coefficients on experience decline in magnitude 
but remain highly significant when grade attainment is included.  For younger children, average 
teacher experience is positively associated with higher scores in written French but not other 
subjects.  Average teacher education has weaker impacts on achievement.  For 8–10 years olds the 
share of teachers in the school with 10 or more years of schooling (completed college or lower 
secondary) is associated with higher scores in French and oral math, but there are no effects for the 
14–16 year olds. 
 
 Unlike teacher characteristics, school director characteristics are not expected to directly 
affect student learning, but are included to capture indirect effects via the overall management of the 
school.  We see no impact of either director education or years of experience for younger children.  
For older children there is no education impact but a negative effect of director experience on all test 
scores.  This is not necessarily a counterintuitive result.  While more experienced school directors 
may, all things equal, have more skills, they also may be less willing than younger directors to try 
different approaches to management that might improve student outcomes (e.g., disciplining poor 
teachers, instituting changes in pedagogy). 
 
 Among variables representing school supplies and classroom organization, the share of 
classrooms with blackboards is generally positively associated with student skills, most clearly for 
the younger group.  The direct policy relevance of this finding may be limited since for only a few 
schools is this ratio less than unity, but the estimate may be picking up a more general positive effect 
of good classroom or school infrastructure.  There are no significant impacts of the number of books 
per student in the class, calculated as the number of books per child in the relevant subject in a 
typical classroom (the only exception is an incongruous negative effect on French test scores of 8–10 
year olds when grade is included).  Tests scores tend to be lower among children who attend/attended 
schools where some or all students do not attend a full school day (a practice implemented to deal 
with overcrowding—to allow multiple shifts—and possibly also reflecting lack of resources).  This 
finding, which is most evident in the two written tests for the older group, comports with 
expectations and suggests that this practice has detrimental effects on learning.  For the older group 
the estimates also suggest, though not consistently, that having attended a private primary school 
leads to better test score outcomes.  There is no such effect among younger children.  It should be 
kept in mind that the selection into private vs. public school is potentially endogenous.  Note also that 
the regressions already control for school factors that differ between public and private schools.  
Private schools score somewhat better on these measured dimensions, suggesting that (biases due to 
school choice aside) the actual advantages of private schools are somewhat larger than indicated by 
the private dummy coefficient.10    
 

Coefficients on distance to the primary school (kilometers from the center of the village, not 
the household) are negative and significant in the slight majority of cases for older children but only 
for written math for younger children.  That we find such impacts is noteworthy given the limited 
variation in this variable.  Even in rural areas most communities have their own primary school, in 
part reflecting a policy in place since the mid–1980s of insuring school access.  Reflecting this, the 
                                                
10 The private-public differences are not large, with the exception of share of teachers with completed college or 
better (0.72 private vs. 0.48 public) and whether the school has separate toilet facilities for girls and boys (0.63 
private vs. 0.34 public). 
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mean distance from the community center is less than 2 km.  Distance can impact learning in two 
main ways.  First, it may lead to lower attendance and/or lower school attainment because schools 
that require significant travel times impose higher costs in terms of foregone child work in the home 
or in family enterprises.  Second, travel time reduces the time available for study at home.  It is 
noteworthy that the magnitudes of the distance coefficients are generally similar whether or not grade 
attainment is included, suggesting that the latter effect may be the more important one.  

  
We also constructed indicator variables for whether the school had no toilet or latrine (17% 

averaged over younger and older samples), a single toilet/latrine that is shared by girls and boys 
(42%), and separate facilities for girls and boys (41%).  The regressions show the effects of no 
toilet/latrine and separate facilities relative to the base of a shared facility for girls and boys.   Having 
no facilities is consistently associated with lower test scores for both 8–10 and 14–16 years olds.  
Having separate facilities is generally not associated with higher scores relative to having a single 
shared facility.  The positive impact of the school having a toilet, it should be noted, may in part be 
capturing other aspects of school facilities that raise scores.  Finally, the share of female teachers in 
the child’s primary school career generally has no impact on test scores.  The only exception is for 
life skills for older children, but this result is not robust to controlling for school fixed effects. 

 
 Both the toilet/latrine variables and female teacher ratios might be thought to have 
differential effects by gender.  Some studies (reviewed in Glick 2008) indicate that girls’ enrollment 
or test performance respond favorably to having a female teacher.  Lack of separate toilet facilities 
for adolescent girl students, and the attendant loss of privacy, is often cited as a reason for girls’ early 
dropout, though few studies have considered this question rigorously.  Therefore we also ran models 
interacting these variables with the sex of the child.  The results are shown in Table 7; to save space, 
only the interaction terms are presented.   
 
 There are some indications that older girls’ learning benefits from having access to gender-
specific toilet facilities.  For both French and life skills for 14–16 year olds, scores are higher for 
girls where there are separate facilities (relative to shared toilets/latrines), and there is also a very 
large negative effect of having no toilet at all on girls’ performance in written math.  However, these 
effects are not robust to controls for school fixed effects.  The interactions with female teacher share 
are striking and to some extent, unexpected.  There are few impacts for the older group, but for 8-10s 
the interaction is negative and frequently significant as well as robust to controls for school fixed 
effects; the latter is the case for oral math and life skills.  It is intriguing that this effect is seen only 
for younger girls who have so far been exposed to just a few years of schooling.  This suggests that 
the first few years are particularly important for girls’ academic success, but it remains unclear why 
they would do less well in this period than boys if the teacher or teachers were female.11 
 
 
4.  Conclusions  
 
This paper has used linked household, school, and test score data from Madagascar to investigate the 
relation of household characteristics and school factors to children’s cognitive skills at ages 8 to 10 
and 14 to 16.  The fact that we are able to combine household and school determinants in modeling 
test score outcomes, and can do so for a non-school based (hence representative) sample, is an 
important advantage over most previous analyses of test scores in developing countries.  A 
                                                
11 Glick and Sahn (2008) find the opposite effect for second graders in Senegal: a very strong positive interaction of 
being a girl and having a female teacher for that year. 
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significant finding is that schooling of mothers appears to matter far more for learning than schooling 
of fathers, perhaps reflecting differences in parental time spent with children on schoolwork.  These 
maternal impacts are stronger for older children than younger children.  Even for mothers’ schooling, 
much of the estimated effect disappears once we control for school choice (or community of 
residence).  This may seem to call into question the widely accepted idea that investments in 
education have important intergenerational benefits via the effects of one’s education on the 
education success of one’s children.  It does not, because parental schooling still matters strongly for 
enrollment and grade attainment, both in this sample (Glick, Sahn, and Walker 2008) and in the vast 
majority of studies in developing country contexts (Orazem and King 2008).  However, the results do 
suggest the need to be cautious about expectations that parental education will have direct major 
benefits for children’s ability to learn.   
 

To the extent that such impacts are found in our sample (for maternal schooling), they only 
begin to be felt once the mother has gone beyond the primary level (five years in Madagascar).   This 
finding is particularly of interest in light of the government’s recent decision to change the primary 
cycle from five to seven years, the purpose of which was to give children better—i.e., more local—
access to what were previously the first two middle school grades (World Bank 2008).  Our results 
suggest that such a policy may have some learning benefits to the next generation as well, provided 
that it does lead to greater numbers of children, particularly girls, going beyond grade 5. 

 
Higher family resources benefit children’s academic performance, not merely by raising 

grade attainment (or reducing age at enrollment) but also directly, that, is, conditioning on 
attainment.  The impacts of wealth on achievement are larger for younger children, in contrast to the 
pattern for parental (mainly, maternal) education.  The reasons for these divergent outcomes are not 
clear.  One possibility is that family income matters strongly for school readiness and in the early 
primary grades but its marginal influence (its impact on skills value added) wanes thereafter, while 
parental education continues to contribute significantly to learning each year; hence the relatively 
strong association of maternal education with skills of older students captures the large cumulative 
impacts of these contributions.   However, other, more statistical explanations cannot be ruled out, 
including differential measurement error of the relevant wealth variable.  For older children, 
measured current wealth may be a poor representation of wealth over the child’s school age years to 
date, given changes over time in household wealth from lifecycle patterns or other sources of 
variation.  This would be significantly less of a problem for 8–10 year olds, who have been in school 
just a few years.   Thus the smaller estimated wealth effects for the older group could reflect a greater 
attenuation bias from measurement error.  This would not happen with parental schooling, which 
typically does not vary at all over the child’s life.  To sort out the explanations for the differences by 
age in wealth and education impacts, it would be very valuable to have pre- and post-test data for 
children in early and later school levels; this would enable estimation of impacts using value added 
models, isolating the incremental effects of resources and parental schooling on skills in each case.  

 
It is also of significant interest, of course, to know if and how school factors, which more 

easily than household characteristics can be manipulated by policy, affect cognitive skills.   Though a 
significant degree of caution in interpretation is necessary due to the potential endogeneity (and 
possibly, mismeasurement) of these factors, the results do suggest overall that school characteristics 
do affect learning, even when controlling for impacts via grade attainment.  Positive effects were 
seen in particular for average teacher experience.  In some if not all the test score regressions, 
presence of blackboards is associated with higher skills while part time school days and lack of 
bathroom facilities are associated with lower scores.  Greater distance from the school also appears to 
lead to poorer test outcomes--not just lower enrollment or grade attainment as many previous studies 



16 

have found.  The school factors in our models may be proxying in part for overall quality of teaching 
and infrastructure.  Even if this is the case, however, the results suggest that public investments in 
primary school quality in Madagascar do pay off in terms of improvements in learning.  

 
Still, a great deal more needs to be known for purposes of guiding policy.  More focused 

research designs, including randomized policy experiments, are probably required to clearly assess 
the relative benefits of specific school or teachers inputs.  Further, it bears recalling that more than 
half of the variation in skills in our samples of children is not explained by measured determinants.  
Little is known in developing country contexts about a number of potentially important (but usually 
unmeasured) factors, such as parental interaction with young children, and community level 
investments in child health.  Learning more about these factors, and the extent to which school-based 
measures can compensate for or complement them, remains an important task for further research.  
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Table 1. Raw and Standardized Test Scores  
 Children Age 8–10  Children Age 14–16 

  
Written 
Math 

Written 
French 

Oral 
Math 

Oral 
Life 
skills   

Written 
Math 

Written 
French 

Oral 
Math 

Oral 
Life 
skills 

Raw Score (% correct)  0.518 0.479 0.613 0.835  0.655 0.529 0.509 0.822 
Standard Deviation 0.182 0.211 0.189 0.143  0.168 0.188 0.230 0.131 
n 710 689 779 790  692 782 809 820 
          
Standardized score by:          

Wealth quartile           
1 -0.366 -0.510 -0.363 -0.363  -0.710 -0.617 -0.541 -0.651 
2 -0.176 -0.343 -0.020 0.001  -0.077 -0.280 -0.136 -0.148 
3 0.184 0.252 0.217 0.247  0.220 0.199 0.169 0.166 
4 0.526 0.726 0.465 0.450  0.484 0.472 0.442 0.493 

          
Mother's education          

Less than 3 years -0.224 -0.385 -0.265 -0.225  -0.292 -0.400 -0.267 -0.370 
3–5 years -0.104 -0.079 -0.004 0.031  -0.036 -0.102 -0.091 -0.062 
6–7 years 0.223 0.318 0.214 0.390  0.299 0.311 0.299 0.338 
8–9 years 0.184 0.210 0.390 0.229  0.433 0.363 0.391 0.437 
10 years or more 0.999 0.998 0.804 0.603  0.788 0.926 0.687 0.679 

          
Father's education          

Less than 3 years -0.222 -0.320 -0.232 -0.187  -0.237 -0.358 -0.253 -0.392 
3–5 years -0.012 -0.087 0.032 0.073  -0.056 -0.134 -0.101 -0.044 
6–7 years 0.058 0.030 0.087 0.314  0.169 0.132 0.201 0.093 
8–9 years 0.049 0.102 0.104 0.016  0.229 0.213 0.222 0.277 
10 years or more 0.433 0.649 0.508 0.328  0.633 0.730 0.582 0.583 

          
School type          

Public -0.069 -0.133 -0.034 -0.013  -0.103 -0.172 -0.118 -0.113 
Private 0.439 0.644 0.436 0.355   0.642 0.650 0.555 0.492 
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Table 2. Variable Means and Standard Deviations 
  Children 8–10  Children 14–16 

    Mean 
Std. 
Dev.   Mean 

Std. 
Dev. 

       
Currently in school  0.961 0.193  0.834 0.372 
Highest grade attained  2.205 1.135  5.343 2.085 
Girl  0.513 0.500  0.525 0.499 
Asset index  -0.163 0.789  0.003 0.940 
Mother's education       

Less than 3 years  0.319 0.466  0.281 0.450 
3–5 years  0.398 0.490  0.400 0.490 
6–7 years  0.095 0.294  0.084 0.277 
8–9 years  0.117 0.322  0.144 0.351 
10 years or more  0.070 0.255  0.084 0.277 

Father's education       
Less than 3 years  0.273 0.445  0.230 0.421 
3–5 years  0.381 0.486  0.412 0.492 
6–7 years  0.077 0.266  0.069 0.253 
8–9 years  0.130 0.336  0.139 0.346 
10 years or more  0.139 0.346  0.144 0.351 

Urban  0.152 0.359  0.224 0.417 
Primary school characteristics a       

Director years experience   10.799 9.493  11.663 9.298 
Director years education  10.701 1.842  10.911 2.197 
Share of teacher with more than lower secondary education 0.597 0.360  0.549 0.351 
Share of teacher years with more than 5 years experience 0.632 0.350  0.710 0.282 
Share of the child's teachers that were female 0.538 0.386  0.350 0.247 
Distance to center of community (km)  1.816 3.516  1.926 3.277 
Private school  0.162 0.369  0.216 0.412 
No toiliet/latrine  0.198 0.398  0.147 0.354 
One toilet for girls and boys  0.449 0.497  0.396 0.489 
Separate toilets for girls and boys  0.354 0.478  0.460 0.498 
Share of classrooms with a blackboard  0.965 0.148  0.960 0.143 
Some/all students attend less than full day  0.131 0.337  0.062 0.242 
Students per textbook in relevant subject  2.288 1.133  1.999 1.058 

       
Sample size   816   828 
       
aFrom school surveys with the exception of share of the child's teachers that was female  (from household survey) 


