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Abstract

This chapter investigates the connection between grade repetition and school dropout. Household
data is matched against a panel of academic test scores and the school career of each child inferred from
the combined dataset. This chapter uses two original identification strategies to identify the effect of
grade repetition on school dropout. The first instrumental strategy uses the differences among teacher
attitude to repetition as an instrument for grade repetition. The second strategy uses the discontinuity
in the probability of grade repetition between pupils whose test score is just lower and just higher
than the target achievement. Both results show a negative effect of the grade repetition decision on
the probability of being enrolled at school the next year.
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grammatical corrections.
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1 Introduction

Primary education in many (principally French-speaking) Subsaharan African countries is charac-
terized by particularly high repetition rates: some 12% of the pupils enrolled in Senegalese primary
schools in 2004 were repeating their grades in 2005, whereas the African average is 15%, and the
maximum is Gabon with 35% (both in 20022). Manacorda (2008) remarks that this practice is more
widespread in the countries where gross enrolment rates in secondary school is low, raising the question
of the causality behind this correlation.

Grade repetition is very expensive for the state and households alike since both private and public
costs of schooling increase with the duration of schooling. Whether the costs of grade repetition are
compatible with universal primary education in developing countries is seriously debated in multilateral
institutions. The World Bank’s publication Bruns, Mingat, and Rakotomalala (2003) observes that
the developing countries with high primary completion rates face relatively low repetition rates. On
the basis of cross county OLS, the authors conclude that average repetition rate has a strong negative
effect on primary completion rate, suspecting it is due to the state’s budget constraint. The average
repetition rate is included in the “Education For All indicative framework”, which is the benchmark
for getting EFA Fast Track Initiative fincancing for primary education.

However, the cost of grade repetition has to be compared with its potential consequences: positive if
it improves learning achievement, negative if it causes dropout. This paper inquires whether frequent
early school dropout is in part a consequence of high repetition rates. School dropout is a very
prevalent phenomenon in many developing countries: some 32% of the African children enrolled in
the first grade of primary school (and 40% of Senegalese pupils) do not achieve the last one."? The
returns to education have been extensively studied by economists (see Duflo (2001), for the most
cited study in developing countries), which emphasize the potential economic loss from early school
dropout. Manski (1993b) has pushed the idea that enrollment decisions depend on the expectations
on the returns to schooling, and these expectations may be different from the actual returns. Manski
and Dominitz (1996) have shown that the expectations on the returns to schooling are not uniform
among American high school students. Two recent controlled experiments in developping countries
(Nguyen, 2008 and Jensen, 2007) have shown that further information on the returns to schooling
affect the school investment decisions. All this literature emphasize the fact that endogenous school
dropouts may be inefficient. In addition to its economic returns, education provides the individuals
with basic capabilities, and this is the reason why the Millenium Develoment Goals include universal
completion of primary school. In the end, both political commitment and economic efficiency make it
necessary to fight against primary school dropout.

Grade repetition affects schooling decisions through a variety of mechanisms. On the one hand,
it has an effect on the acquisition of knowledge. If grade repetition is pedagogically effective, it may
prevent dropout. On the other hand, grade repetition may be discouraging.

Grade repetition modifies the learning achievement at a given date. When children repeat grades
they may consolidate the skills expected at those grades. However, it is unclear whether this offsets
their failure to acquire the skills taught at the next grade. The net effect of grade repetition on
the acquisition of knowledge is ambiguous, then. The psychologists and the pedagogical profession
share a widespread view that grade repetition does not improve learning achievement. However,
some empirical evaluations of the net effect of grade repetition on learning achievement have serious
shortcomings. Most studies try to control for test scores as a proxy for school ability and initial
learning achievement (see Holmes (1989) for a meta analysis of many of those studies, and McCoy and
Reynolds (1999) for a more recent study). However, teachers probably use their private information
on pupils to decide whether they will repeat. If low motivation at school causes grade repetition, these

"Ministry of Education, Senegal (2005)
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studies probably suffer from an endogeneity bias: low motivation at school deters future acquisition
of knowledge. Jacob and Lefgren (2004) control for this potential bias using a discontinuity in school
policy in Chicago. Pupils there took standardized tests at the end of grades 3, 6 and 8. They were
promoted if their test score was higher than a minimum score. Regression-discontinuity analysis
revealed a small and positive effect of grade repetition on academic achievement at a given date.
Doing the same with a similar retention policy in Florida, Greene and Winters (2007) find a positive
effect of grade repetition in third grade on reading ability after two years.

Some psychologists as Jimerson, Carlson, Rotert, Egeland, and Sourie (1997) consider that early
grade repetition has a negative effect on socio-emotional adjustment. Hence, one can expect grade
repetition to be discouraging and cause dropout. Grade repetition may be discouraging for a least
two reasons. First, it extends the time needed to achieve a given final grade and get the benefits from
education. So grade repetition may increase the cost of schooling: for a given last grade attended, the
opportunity costs increase by one year when a child has to repeat once, and the job market benefits
of schooling are postponed by one year. Second, grade repetition may be a negative signal about a
child’s ability. If the parents observe their children’s ability noisily, then grade repetition diminishes
parents’ belief in their children’s ability. Grade repetition possibly causes school dropout for these
two reasons.

Overall, the sign of the effect of these mechanisms is ambiguous.

Very few studies have tried to estimate this effect in developing countries. King, Orazem, and
Paterno (2008) report that grade repetition causes school dropout in Pakistan. Yet, their identification
strategy does not include any control either for the acquisition of knowledge or for parental preferences
for schooling. The two are certainly correlated and low parental preferences for schooling possibly cause
grade repetition. Consequently, the effect of grade repetition on school dropout certainly suffers from
an endogeneity bias. Manacorda (2008) uses a change in the retention policy in Uruguayan primary
schools to estimate the effect of grade repetition on dropout. Grade repetition was automatic when
a pupil had missed more than 25 days for school years 1996 and 1997, but not for school year 1998.
This change seems to have been unanticipated by the pupils and parents, since the distribution of the
number of school days missed is the broadly the same in 1998 than in 1996 - 1997. Using a diff in diff
strategy, he finds that grade repetition decreases school achievement by 0.6 grades on average.

PASEC (2004) uses a unique panel of test scores in Senegal and finds that grade repetition in
the early years of the panel is correlated with attrition at the end of the panel. Many covariates
are controlled for and test scores used as a proxy for the acquisition of knowledge and for ability.
However, it is not certain that the remaining unobservable variables causing grade repetition are
uncorrelated with future school dropout. Furthermore, attrition in the last years of the panel may
be a poor proxy for school dropout. Children may still be enrolled but not have taken the tests
because of illness or because they changed schools. Glick and Sahn (2009) combines PASEC? data
with retrospective information on school enrolment.* They use a control strategy to estimate the
effect of grade repetition in second grade on the probability to attend to grade 5. However, control
strategies may be systematically biased when measuring the effect of grade repetition on dropout.
In fact, some variables like the motivation at school may cause both repetition and dropout and are
hardly observable.® In addition, their observation of grade repetition suffers from selection, since
they infer grade repetition from the school trajectory. In fact, if the grade repetition decision causes
immediate dropout, actual grade repetition is censored.’

3 Programme d’analyse des systémes éducatifs set up by CONFEMEN Conférence des ministres de ’éducation des
pays ayant le francais en partage.

4This information is from EBMS survey, described in section 2

®Motivation at school is not observed at all in PASEC data

6An additional regression would show that running the same regression than Glick and Sahn (2009) with the same
instrumental strategy than this paper does not lead to any interesting information on the effect of grade repetition on



This paper estimates the effect of grade repetition decision on immediate school dropout, i.e. on
the probability to be enrolled at school the next school year. It controls for the potential correlation
between the children’s unobservable characteristics and grade repetition with two original instrumental
variables strategies, and controls for the selection of the information on grade repetition decisions.

The first instrumental strategy is based on teacher attitude to repetition: grade repetition is based
on the teacher’s decision, and those decisions are partly based on teacher’s idiosyncrasies. These
indiosyncrasies are unobservable, so for each child, grade repetition by peers is used to proxy for
teacher attitude.

The second instrumental strategy is based on the widespread idea that a child needs to reach
a certain learning achievement to pass to the next grade. The grade repetition probability may be
discontinuous between pupils whose learning achievement are just above and just below this “target
achievement”. This paper tries to exploit this discontinuity to identify the effect of grade repetition
on school dropout.

Both results reveal a negative effect of grade repetition on the probability of enrolment at school the
next year. The estimated effect is fairly high: the estimations show that grade repetition increases the
probability of school dropout by approximately 5 percentage points on average, whereas the average
dropout rate in the sample is 2%.

Section 2 presents the dataset used to identify the causal effect of grade repetition on school
dropout. Sections 3 and 4 presents the strategies used here for identifying this effect while brief
remarks are made by way of conclusion.

2 The data

PASEC and EBMS datasets both contain detailed information about schooling and are combined
here to estimate the effect of grade repetition.

2.1 The PASEC panel

The PASEC conducted a panel survey among primary school pupils of 98 Senegalese schools
between 1995 and 2001. Twenty second grade students were chosen at random in randomly chosen
second grade classes in each school at the beginning of the 1995-1996 school year. They passed
learning achievement tests at the end of each school year,” and were monitored throughout their school
careers (including grade repetitions) until the first of them finished primary school (sixth grade) in
2000. Although children were randomly selected among the second grade pupils of the schools in
1995, attrition and grade repetition meant that the children in the same grade-year were increasingly
selected as time elapsed.

There were two causes for attrition in this panel. First, dropouts did not take the PASEC tests.
Second, the PASEC team organized the tests and collected the data in each of the schools on a given
day in each school year. Children missing school that day or no longer attending the surveyed school
were not tested.

Whenever a child took a PASEC test in a given school year, the information includes his current
grade. The information for grade repetition is inferred from this longitudinal information on the
school careers. The pupil questionnaire also included some information about living conditions. In
particular, the household wealth index used in this paper is based from the PASEC information.

dropout (coefficients are not significantly different from 0 with large standard errors).
"The tests were marked by the PASEC team. Consequently, test scores could not be influenced by teachers.



Table 1: Number of children attending the tests during the panel, by grade and school year

Sixth grade
214 (CM2)
Fifth grade
357 236 (CM1)
Fourth  grade
412 204 86 (CE2)
Third grade
594 154 53 15 (CE1)
Second  grade
789 817 102 no test (CP)
789 817 696 566 614 551 Total = atten-
dance
Initial tests | school year | school year | school year | school year school year
(1995) 1995 - 1996 | 1996 - 1997 | 1997 - 1998 | 1998 - 1999 | 1999 - 2000

Note: This table reports the attendance among the 921 children of PASEC sample resurveyed by EBMS

2.2 EBMS Survey®

The EBMS survey provides additional information about certain PASEC pupils in 2003. It includes
some of the pupils from 59 of the schools surveyed between 1995 and 2000. The objective was to
resurvey households in each community (village or urban districts) with children who had been in the
PASEC panel. Of the 1177 pupils attending the 59 schools surveyed by PASEC, 921 are in EBMS
data after deletion of questionable matches. Information was collected about the living conditions
and educational levels of the household members. Retrospective data about the school careers of the
children surveyed by PASEC meant dropout could be differentiated from other causes of attrition.
Consequently, school-leaving dates are known for almost every child re-surveyed (if they had left
in 2003). However, the school information from EBMS does not give much information on grade
repetitions.” In addition, the EBMS data include the parent’s education of the PASEC pupils and
retrospective information about living conditions includes self-reported shocks on harvests.

2.3 Aggregate dataset

Both datasets provide reliable retrospective information about enrollment. Together they give
enough information to reconstruct most instances of grade repetition. This information is necessary
for evaluating the impact of repetition on drop out. Another advantage of the aggregate dataset is
that it evaluates the individual learning achievement (test scores), which is a crucial determinant of
grade repetition. Table 1 shows the number of children attending each test in the sample and reveals
children often missed a test even though still enrolled. All 921 children were enrolled in school year
1995-1996 although only 817 attended the test. Definition of all the variables used in this paper can
be found in appendix A.

8Education et Bien-étre des Ménages au Sénégal. This survey was designed by a team composed of Peter Glick, David
Sahn, and Léopold Sarr (Cornell University, USA), and Christelle Dumas and Sylvie Lambert (LEA-INRA, France), and
implemented in association with the Centre de Recherche en Economie Appliquée (Dakar, Senegal).

Tt includes the number of grade repetitions in primary school and the number of grade repetitions in the last grade
of primary school for each child living in a household surveyed by EBMS. This paper requires longitudinal information
not included in the EBMS data.



Figure 1: Sequence of the main events during the PASEC panel

Grade repetition decision

School test year 1
School test year 2

Rainfall season

School year 1 School year 2

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.

Table 2: Observation of grade repetition decision
date ¢ date t +1

Enrolled

is observed
Enrolled Enrolled } Grade repetition decision
Drops out is not observed

} Grade repetition decision

2.4 Selection on grade repetition observation

Not all grade repetition decisions can be observed in the EBMS-PASEC data. The information
for grade repetition is mostly inferred from this longitudinal information on the school careers. The
Figure 1 summarizes the timing of the PASEC panel survey. Information on grade repetition decision
at the end of school year t is known if a child took the tests in school year ¢ and school year ¢ + 1.19
Grade repetition decisions are not known for the children who dropped out immediately after this
decision: if a child dropped out before the tests of school year t + 1, there is no way of knowing what
the repetition decision was at the end of school year t, as grade repetition is inferred from the school
career. The structure of the data is therefore summarized in Table 2.

This selection problem makes questionable the identification of the effect of grade repetition deci-
sions on school dropout: if grade repetition causes dropout, then it causes its own selection. However,
this paper claims it is possible to control for the selection and hence to identify the determinants of
grade repetition and the effect of grade repetition on school dropout in model (1):'*

Eikir1 = 1BeaSik +Be2Zs +Xikfes +7vRix  +uix > 0]

1

R, = ]l[Si +aZp + X1 O +eir < 0] ( )
selection = 1[Bs1Si +Ps2Zs +Xikfss +vsRik +vig > 0]

10The details and other cases are explained in appendix A

"The grade repetition of a child is denoted Ry for child ¢ in class k. His enrolment during the next school year is
denoted Ejir++1 (at date t + 1). selection takes value 1 if R;i is known, and 0 otherwise. S;, denotes the test score of
child 7 in class k. Z; is an instrument for the selection, which is discussed in section 3.5. Zr is an instrument for grade
repetition which is discussed through all the sections 3 and 4. The other determinants in each equation are a vector of
covariates X;r and unobservables wu;x, €;r and vig.



Appendix C.1 proves that in model (1):

o If (€;x, uik, vik) is independent of (Sik, Zgr, Zs, Xik)
° If/\27é0and5537é0

e Under certain technical assumptions!'?

all the coefficients of model (1) are identified without any parametric assumption about the distribution
of (€ik, uik,vir). This is based on a simple intuition: there is an instrument for grade repetition and
an instrument for selection. In this case the system of all the probability function derivatives has a
single solution. v and ~s are not identified by this system, since R;; is binary. However, a simple
adaptation of Vytlacil and Yildiz (2007) show the coefficient for the endogenous variable is identified.

Appendix C.2 even shows that under much simplier hypotheses and without Z, the sign of the
effect of grade repetition on dropout is still identified. The intuition for that is rather simple. Indeed,
the derivative of the probability of grade repetition towards Zp gives the sign of a regardless of
selection. Therefore the effect of grade repetition on enrollment is positive if the derivatives of the
probability of grade repetition and of the probability of enrolment towards Zr have the same sign,
and negative if they have opposite signs.

This paper does not intend to identify model (1) semiparametrically. All the models in this paper
are estimated using a maximum likelihood method. However, this result shows that there is enough
information to identify the effect grade repetition on dropout in the EBMS-PASEC data without
parametric assumption. Hence the results in this paper do probably not only rely on the parametric
structure of the models but also on the information from the data.

3 Identification of the effect of grade repetition on dropout using
teacher attitude to repetition as an instrument for grade repeti-
tion

This paper seeks to identify the effect of grade repetition, denoted R;x, on school dropout (enrol-
ment during the next school year is denoted Ejj ;11 for child i of group k'3, at date t + 1), which is
the coefficient v in the equation (2) below. The other determinants of dropout are test score S, and
a vector of covariates X;;.14

Eig 41 = 1[Be1Sir + XixBe2 + YR + ug, > 0] (2)

The main difficulty in identifying - is to control for the potential endogeneity of grade repetition.
Indeed, there is endogeneity of grade repetition if the unobservable term causing dropout u;j is corre-
lated with R;; conditionnal on the other covariates. The unobservable term causing dropout includes
all the causes of dropout non included in the model, and all the imprecisions of the model. In partic-
ular, parental (or pupil’s) preferences for schooling are included in this term. In Senegal, the grade
repetition decisions are taken by the teachers. The teachers probably use their private information
about their pupils to do so. In particular, they may take into account motivation at school, and moti-
vation at school is possibly correlated with future dropouts. So grade repetition may be endogenous.

12Hypotheses about points where the distribution of (€;x, wik, vix) should be positive and finite, and about the support
of the distribution of the observables.

13A group is composed of all the observations from the same school, the same year and the same grade. This is an
approximation of a class, since in some schools, there are several classes per grade.

This vector includes grade-year dummies, household wealth parents’ education, and group mean test score when not
included in the model.



In this case, for a given learning achievement at the end of the current school year, children with a
higher dropout probability are more likely to repeat their grades.

The measurement error is another concern: we do not observe the teacher’s evaluation of the
children in our data. Instead, we have our own evaluation based on centrally corrected tests. We
denote S}, = Sir + 1(Sik) the test scores we observe. 11(S;y) is the difference between the measurement
error of the test scores and the measurement error of a teacher. Hence one could expect that if a child
“looks smart”, p(S;) is on average negative. We can easily rewrite (2):

Eiggy1 = 1[Be1Siy, + XirBe2 + YR + ujp, > 0] (3)

u};, includes the measurement error of Sy : w)y, = wir — Berpt(Sik)-

In this paper, two original instrumental variables strategies are used to control for the potential
correlation between the children’s unobservable characteristics (and the measurement error) and grade
repetition, and this section presents the first one.

3.1 Identification strategy

Equation (4) below models the determinants of grade repetition. Learning achievement is com-
pared to tp, which is the learning achievement required to pass in group k called hereafter “target
achievement”.

Rij, = 1[Si — ty + XirBr + €ir, < 0] (4)

However, grade repetition in the model is not determined solely by whether or not S;; is greater
than ¢;. Equation (4) takes this into account by including other factors (X;x), such as household
wealth or parents’ education, which may affect grade repetition. The error term ¢;; include all the
causes all factors causing dropout that are not in the equation. In particular, pupil’s motivation at
school may affect grade repetition. In addition, it includes the imprecisions of the model, notably in
the measure of learning achievement.

In the model, the teacher attitude to repetition (vy) affects grade repetition through ;. However,
we have to keep in mind that ¢; may also be determined by the group average learning achievement

(Sk):

tr = ASy + v (5)

Teacher attitude to repetition is a characteristic of the teachers, not of the pupils. Accordingly,
using v, as an instrument for grade repetition controls for the main potential source of endogeneity:
the correlation between the children’s unobservables and grade repetition decisions.!® Of course, v}, is
not observable, so it is necessary to proxy for it. This paper uses the peer’s repetition rate to proxy
for teacher attitude to repetition,'® and uses this proxy as an instrument for grade repetition. The
peers are the other pupils than the child himself in his group k, so that the repetition rate of the peers
is:

15Section 3.4 assesses in details the exogeneity of vj.
60Other proxies for teacher attitude (LP;r and FR;j, description in section 4) were used in previous versions of this
paper, giving the same results. The results are available upon request.



Repetition rate of the peers The repetition rate of the peers is written as:'7
— 1
R, = - T Ziriltk (6)
Rearranging (4) and (5) gives :
Ry, =1 {Sik = ASk — vk + X By + € < 0} (7)

In equation (7), grade repetition probability depends on S;z — ASk. If A = 1, the probability of
a child repeating his current grade depends on the difference between his test scores and the group’s
average test score, but not on absolute learning achievement. Grade repetition is relative, then: for a
given vy, children do not repeat grades because their learning achievements are low but because their
learning achievements are lower than those of their peers. In the Senegalese case, A is probably close to
1.'® However, if A # 1, the group repetition rate to appropriately proxies for v once controlled for Sy

only. All the regressions in this paper control for Sy. We use Ry, as a proxy for vy : R, = v+ pu(vg).
We rewrite (7)

Ry = 1|, = ASk + aRix + X3y + €, < 0] (8)
The error term in this equation is: €}, = e — p(Sir) — (V)

In the first specification of this paper, (2) is estimated jointly with (8). The instrument Ry, is
used to control for the potential endogeneity of grade repetition. Because of the potential relationship
between Ry, and Sy, in (7), S is controlled for in equation (2).

Controlling for school fixed effects in non-linear equations like (2) or (8) leads to non-convergent
estimates. Chamberlain (1980) proposes a solution to overcome this problem: controlling for the
school average of the explanatory variables. The coefficients of the explanatory variables are then
identified by the difference between the individual explanatory variable and the school average, like
in linear fixed effects. This specification includes a control for the school average of repetition rates
among peers. This controls for the potential endogeneity of school average repetition rates: the effect
of grade repetition on school dropout is identified on the difference between the repetition rates among

peers and the school average of repetition rates.?’
3.2 The results
Eirgrr = 1[Be1S), +ﬁg§7k  +XiBes YR uj, > 0] )
R, = ]1[ z*k —A\Sk +aR;g +Xikﬁr —|—6;Fk < O]

Model (9) addresses the endogeneity of grade repetition. It is estimated by the maximum likeli-
hood method in Table 3. The specification is very close to the bivariate probit model, unless some
observations on grade repetition are /IEI/iSSng.Zl If the information about repetition is missing, the like-
lihood is IP(Rix = 1, Eig t+1|Sik, Sk, Rik, Xik; 8, 0,7, \) +IP(Rix, = 0, Eige t11|Sik, Sky Rik, Xin; 8,9,7, A).
Hence this model neglects the selection on grade repetition observation (see section 2.4). Section 3.5
nevertheless controls for this selection and shows the subsequent bias is moderate.

The two columns of Table 3 correspond to the model’s two equations. The data are pooled for the
various grades and years. Each specification includes grade-year dummies in each equation and the

x? statistics for their joint significance is reported.

17n, is the number of observations per group

8The regressions showing it are available upon request
19Tt assumes there is no measurement error in Sy. This is not expected to be costly, as the models in section 3.3
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Table 3: Joint estimation of the determinants of grade repetition and school dropout (model (9))

repetition enrolleds41
(1) (2)
School mean of grade repetition rates among peers 1.456 701
(.487)** (.751)
Repetition rate of the peers 1.854
(.302)***
Grade repetition -.908
(.331)***
(Average marginal effect of grade repetition) -.045
(.023)**
Test score and other covariates Yes Yes
Obs. 1823
log-likelihood -675.133
x? grade year dummies 8.752 16.639
corresponding p value .068 .002
x? instruments 37.819
corresponding p value 7.76e-10

Additional covariates in each equation: test score, group mean test score, previous year’s test score, household
wealth, parents’ education, grade-year dummies.

Note: *** ** and * mean respectively that the coefficient is significantly different from 0 at the 1%, 5% and 10%
level. The standard errors of the estimators are corrected for the correlation of the residuals between different
observations of the same child.

The determinants of grade repetition Grade repetition is correlated with the peer’s grade
repetition. This correlation is positive, which is expected. In fact, in our model, the correlation
between a child’s repetition and his peer’s repetition is uniquely due to teacher attitude to repetition,
so it should be positive. This correlation is significant, and the x? test for its significance has a value
of 37. The reasons why I believe this correlation is uniquely due to teacher attitude to repetition are
explained in sections 3.3 and 3.4.

The effect of grade repetition on dropout In this specification of model (9), the estimated
effect of grade repetition on school dropout is negative and significant. The coefficient is different
from 0 at the 1% level. It corresponds to an average marginal effect of 4.5 percentage points. The
mean dropout rate being 2% in the sample, the magnitude of the estimated effect is fairly high: grade
repetition apparently increases the probability of dropout approximately threefold.

Suppose that repeaters are 12% of the pupils, that the dropout rate of repeaters is 7% (5% due
to grade repetition, 2% due to other reasons), and that the dropout rate of other pupils is 2%. Then
repeaters make up 30% of dropouts and grade repetition accounts for 21% of all dropouts.

This back-of-the-envelope calculation suggests grade repetition is an important determinant of
dropout. Although dropout is obviously caused by other factors, it can be estimated that the propor-
tion (partly) due to grade repetition is not negligible.

The IV coefficient for the effect of grade repetition on dropout cannot be compared with the
coefficient for a simple probit model. In fact, there is no information on grade repetition for the pupils
who drop out, so that model (2) cannot be estimated using probit regression.

include another source of correlation between the unobservables of different pupils from the same class.
20 Again, the school average of repetition rates includes the schoolmates of a given pupil, and not individual repetitions.
2lGection 3.5 shows a specification controlling for this selection
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3.3 Is the peer’s repetition rate a reliable proxy for teacher attitude to repetition
‘?

This section examines whether the connexion between a child’s repetition and the peer’s repetition
rate can be ascribed exclusively to teacher attitude to repetition. If the peer’s repetitions are related
to the child’s unobservables, then the proxies may be endogenous because of measurement error. In
equations, ]/%; = v+ u(vg) could be correlated with u;g, the error term of equation predicting dropout
(2) because of p(vg). So as to clarify the problem, it is useful to linearize (7):

IP(RM) = — ik—i—)\Sik—l- UV —Xjkﬁ—IE<6ik|k) (10)
Hence we can compute the expectation of ]’_—%:22
— 1

IE(Rzk) = — 12]‘751' [—Sik + )\57; + v — Xjkﬂ — E(ezk“f)]

= —Si+ ASk + vk — Xir3 — E(ege|k)
__ 1 —
= ()\ — 1k ) Sk + Szk + v — sz,@ — E(ezk\k)
ng — 1 ng — 1

This expression includes measurement errors:

B(Fa) = (A= -0 ) S+ e (Si— (i) + i X — Bealh) (1)
ng — 1 ng — 1

The potential correlation between }f%\:k and €;, needs to be eliminated once the observables have been
controlled for. Most of the terms in equation (11) are observable, so let us focus on the unobservables.

E(e;,|k) refers to the “correlation in unobservables”, a la Manski (1993a). It means that the e,
could be correlated between different observations of the same group. Such correlation is theoretically
plausible, either because the unobservables of children are expected to be correlated within each
school or because they are expected to be correlated between different classes within a school. For
example, lack of motivation at school might cause grade repetition. Lack of motivation at school
causes dropout. If motivation differs among schools and if motivation causes grade repetition then €,
is probably correlated with €;;, in which case €;;, is correlated with child ¢’s dropout. Hence E;: would
be correlated with w;, the error term in the enrollment equation (equation (2)), and there would be
endogeneity.

Concerning the endogenous placement in schools, the biprobit model in Table 3 includes a control
for the school mean of grade repetition rates among peers. This term is supposed to rule out any
endogenous placement of children in schools causing differences in grade repetition rates between
schools, as suggested by Chamberlain (1980). The school mean of grade repetition rates in Table 3 is
uncorrelated with dropout, and using this covariate does not change the effect of grade repetition on
school dropout. In addition, regressions (available upon request) of repetition rate on community-level
characteristics do not indicate any correlation between the community-level observable characteristics
and the repetition rate. It seems therefore unplausible that endogenous placement in schools biases
the effect of grade repetition on dropout in Table 3.

Concerning the endogenous placement within schools, an additionnal regression (available upon
request) indicates grade repetition rate is not significantly correlated with household wealth or par-
ents’ education, once controlled for school fixed effects, grade-year fixed effects and test scores. This

22In this paper, ~ denotes the mean of a variable among the peers. So S’; is the mean of the test scores among the
peers, Xk is the mean of the covariates.
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(partly) rules out an endogenous placement of pupils correlated with teacher attitude to repetition
within schools. Indeed, endogenous placement within schools may be based on unobservables that are
uncorrelated with parental wealth or education.

Another concern is Manski (1993a)’s “reflexion problem”. This means that if a child’s grade
repetition is affected by his peers, the peer’s grade repetitions are affected by him. In equation (11),
this term is S}, — p(Sx). It means that when a child’s learning achievement is high, his peers are more
likely to repeat. It is partly observed, as we observe S7;, and partly unobserved. The crucial part is
the unobservable part ;(S;), as S} is controlled for in all the estimations of this paper. p(S;) is
included in wu};, the error term in the enrollment equation, so that the “reflexion problem” may biase
the estimates in Table 3. The sign for this bias is known, as p(S;;) is negative in both equations. It
should biase upwards (to 0) the effect of grade repetition on enrolment in Table 3.

The importance of this bias may be overestimated by readers having in mind the debate on the
peer effects in education economics (see Hoxby and Building (2000) or Angrist and Lang (2004) for
examples). This literature shows that the acquisition of knowledge of a child may be affected by
his peers. This is presumably not a problem here. First, all the regressions in this paper control
for individual test scores and group mean test score, taking into account most of this problem. In
addition, the literature usually shows that a pupil leans more when the learning achievement of his
peers is high (if something). In the EBMS data, the group mean test score affects negatively grade
repetition. Hence a child is more likely to repeat when the learning achievement of the peers is high.
The intuition behind the reflection problem is therefore probably the following: when a child has
“good” unobservable characteristics, his peers may repeat because they are compared to him. I tend
to believe this effect is probably small.

3.4 Is teacher attitude to repetition exogenous?

This session assesses the exogeneity of vi. It is exogenous if it is uncorrelated with ¢;;, the error
term of equation predicting grade repetition (2). There are two reasons why vy could be correlated
with the error term. First, teacher placement could be endogenous. Second, teacher attitude to
repetition may be random, but correlated with another characteristic causing dropout.

If teacher placement is endogenous and reasons for their placement (teacher qualification, expe-
rience...) are correlated with vy, then v, may be correlated with the unobservables causing dropout
u;,. Teacher placement is centralized in Senegal. Hence the characteristics of the schools (and the
grade) are potentially crucial determinants of teacher placement. However, due to the centralization,
it appears unlikely that the placement is correlated with the characteristics of a given grade in a given
school. As a result, school fixed effects a4 la Chamberlain (1980) (and grade-year dummies) control for
most of the potential endogeneity bias linked with teacher placement.

If teacher attitude to repetition is correlated with some other characteristic causing dropout, then
the proxies fail to control for the endogeneity of grade repetition. For example, if elder teachers
favor grade repetition, and have higher pedagogic ability, then there may be a correlation between the
dropout rate and teacher attitude regardless of grade repetition. Besides, teacher attitude to repetition
may change the incentives in the class, so it may affect the acquisition of knowledge during the school
year. Jacob (2005) studies the test-based grade repetition policy in Chicago and the simultaneous
accountability policy, which made teacher and schools accountable for student achievement. Using a
diff in diff strategy, he shows that the policy increased learning achievement in classes where a lot of
pupils where likely to repeat ex-ante, and increases learning achievement for at-risk students. This is
consistent with the fact that the grade repetition policy changes the incentives in the class, though it
is impossible in this case to disentangle the effect of incentives caused by grade repetition from the
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effect of the incentives caused by the accountability policy. If grade repetition changes the incentives
in the class and hence the learning achivement of the pupils, it may affect directly dropout.

If either or both of these two arguments are true, then the first identification strategy fails to
identify the effect of grade repetition on school dropout. This is the reason why a second identification
is proposed in section 4 of this paper.

3.5 Selection on grade repetition

As stated in section 2.4, not all grade repetition decisions are observed. However, section 2.4 shows
that all the coefficients of model (1) can be identified without any parametric assumption about the
distribution of (€, Wik, Vi )-

In Table B.9, model (1) is estimated using a maximum likelihood method. Accordingly, this
estimation controls for the selection on R;;. The error terms are assumed to follow a trivariate normal
distribution, approximated with a GHK simulator. The data are pooled for the various grades and
years. The standard errors of the estimators are corrected for the correlation of residuals between
different observations of the same child. Each specification includes grade-year dummies in each
equation. The y? statistics for their joint significance is reported.

Table B.9 is not the main specification in this section for convergence reasons, and because the
correction for selection does not change the results very much in practice. However, it is reassuring
that the results of Tables 3 and B.9 are very similar: the effect of grade repetition on school dropout
is quantitatively similar (—4.9 percentage points) and significant.

The determinants of selection The estimation of selection in model (1) is intended to control
for selection bias in the estimation of R;;. The determinants of selection may be the determinants of
moving or missing school the day of the tests in addition to the determinants of dropout. Accordingly
there is no particular interpretation of these coefficients.

Nevertheless, it is necessary to focus on the effect of the negative shocks on harvests, since this
variable is the exclusion restriction in the equation for R;;. These shocks are not expected to be
a determinant of grade repetition because the rainfall season in Senegal is from July to September,
during the school vacations (see Figure 1). Accordingly, grade repetition is known when the rainfall
season begins. Theoretically, then, it can be ruled out that teachers might use this information for
grade repetitions.

These shocks positively affect selection: when there is a negative shock, the child is more likely to
take the test the next year. Negative shocks on harvests may decrease opportunity costs, so children
may be more likely to take the tests when there is a shock. The F-test for the significance of this
instrument is 6.6.

4 Identification of the effect of grade repetition on dropout using
the discontinuity of the grade repetition probability

This section presents the second indentification strategy of this paper. This stragy is based on
the widespread idea that a certain learning achievement is required to pass to the next grade. This
“target achievement” is denoted tj in equation (4). This identification strategy is based on the fact
that the grade repetition probability may be discontinuous when Sy = t;. In that case, equation (4)
can be rewritten:

R = 1[Si — t + 00(Sik > t) + X Br + €51, < 0] (12)

However, the “target achievement” is not observed, so this paper tries to proxy for it. It uses two
proxies for t;: the test score of the last passer and the test score of the first repeater. “Passers” are
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those peers of a given pupil in a given year who are admitted to the next grade. Among the passers,
the pupil with the lowest test score is called the last passer. His test score, LP;, is used as a proxy
for t:

LPy, = mingjzir;,=o0y (Sik) (13)
Similarly, the “repeaters” are those peers of a given pupil who are not admitted to the next grade.

Among the repeaters, the pupil with the highest test score is the first repeater. His test score is
another proxy for t:

FRix = mazjzir;,=1y(Sik) (14)

So as to proxy for the fact that a pupil’s learning achievement is higher than the “target achieve-
ment”, this paper compares his test score with LP;; and F R;;. The “Rank relative to first repeater
and last passer” is the sum of the two corresponding dummies. It is used as a proxy for 1(S;; > t1):

RR, = 1(S;, > LPy,) + 1(Sj), > FRy,) = 1(Sjy, > trq) + 1(Sj, > tha) (15)

)

The “Rank relative to first repeater and last passer” takes value 0 if the test score of a child is
lower than LP;;, and FR;;, 1 if it is higher than either of the two, and 2 if it is higher than both.?3 It
is a proxy for 1(S;r > tx), so it is used as an instrument in model (16):

Eik,t+1 = ]1[ ﬁelS;k +ﬂe3aLPik +5e3b§;€ +7le +Xikﬂ@4 + u;kl: > O]

) . o (16)
Ry =1[ S  —ALPy  +aRy  +0RRy, +XinfBr + € < 0]
selection = 1[ (a8}, +B2LPix +BsRix  +BsaZs +ysRi +XikBss +vjy > 0]

Model (16) is the model estimated in the main regression of this section. The error term in the
enrollment equation writes w) = i — Be1/t(Sik) — Bespit(tr). Section 4.1 gives the corresponding first
stage and reduced form estimates, and section 4.2 gives the results of its identification.

4.1 First stage and reduced form estimates

This section presents some semiparametric fist stage and reduced form estimates corresponding to
the model (16). For simplicity, it focuses on one of the proxies for ¢;: the last passer’s test score. In
equation (15), it focuses on 1(S}, > LP;;) and hence neglects 1(S}, > FR;;). In Table 4, columns
1 and 2 present the correlation between grade repetition probability and the difference between own
test score and the test score of the last passer, S}, — LP;;,. The first column presents the coefficient
of the OLS regression of grade repetition probability on a set of dummy variables dichotomizing

. — L P It shows that the grade repetition is not perfectly determined by the sign of this difference
(#1(S},, > LP;;)). Indeed, grade repetition probability seems to be a continuously decreasing function
of S} — LP;,. The function is strongly decreasing, as the estimated grade repetition probability is
68% when S}, — LP;;, < —1, and only 2% when 1.5 < S;. — LPjy,.

Column 2 presents the coefficients of the probit regression of grade repetition probability on the
same dummy variables and covariates. The coefficient for the dummies is still decreasing. The esti-
mates are however rather imprecise, and rarely significantly different from 0. Once controlled for the
test scores (among other covariates), the grade repetition probability seems approximately contstant
when S}, — LPj, is negative and when S}, — LP;;, is positive. There is a fairly big jump in the grade
repetition probability at S}, — LP;;, = 0. Because of the imprecision of this first stage, these results

23When there is no repeater among the peers, 1(S;x > F R;i) takes arbitrarily value 1.
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Table 4: Grade repetition and school dropouts as a function of a difference between own test score

and the test score of the last passer (S}, — LPi;)

repetition enrolled;iq

OLS  Probit Probit

(1) (2) (3)

Repetition rate of the peers 1.91°%* 0.48
(0.33) (0.47)

Last passer’s test score -0.06 0.21
(0.27) (0.26)

Test score -0.524+ -0.04
(0.30) (0.22)

S — LPy, < —1 0.68**  0.16 0.02
(0.06)  (0.43) (0.51)
—-1<8; — LPy, < —-0.5 0.65**  0.28 -0.61*
(0.06)  (0.25) (0.29)

—-05< 8, —LPy; <0 0.38*%*  Ref. Ref.

(0.04)

0<S —LP; <05 0.19%*  -0.40%* 0.01
(0.02)  (0.20) (0.25)

0.5< S}, —LPy <1 0.09**  -0.68* 0.05
(0.02)  (0.31) (0.31)

1< S, —LPy, <15 0.06**  -0.52 0.85
(0.01)  (0.44) (0.52)

1.5 < S5, — LPyy, 0.02*%*  -0.71 0.53
(0.01)  (0.60) (0.49)

Covariates No Yes Yes
Observations 1580 1465 1678

Notes: S}, — LP;, stands for “Difference between own test score and last passer’s test score”.

Covariates in column 2 and 3: group mean test score, previous year’s test score, household wealth, parents’

education, grade-year dummies, and the constant.

**x F* and * mean respectively that the coefficient is significantly different from 0 at the 1%, 5% and 10% level.

The standard deviations of the estimators are corrected for the correlation of the residuals between different

observations of the same child.
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have nevertheless to be interpreted with caution. This justifies that it is necessary to aggregate in-
formation as in equation (15) to build a relevant first stage in the estimation of the effect of grade
repetition on dropout. It also raises the question of the estimation of the discontinuity regressions
when there is measurement error on the threshold (on ¢ in the model) and on the switching variable
(on Sji in the model). This issue is discussed in section 4.3.

In Table 4, column 3 presents the correlation between grade repetition and the difference S}, — L Pj.
Given the precision of the first stage in column 2 (and given that the reduced form estimates in non-
linear settings are not necessarily convergent to any simple function of the structural parameters),
one should not expect too much precision for these estimates. There is actually no such thing as a
discontinuity of grade repetition probability at S}, — LP;;, = 0. The estimates are sometimes negative
when S}, — LP;;, < 0, sometimes positive when S}, — LP;; > 0, and rarely significantly different from
0.

4.2 Main results

Table 5 shows the estimation of model (16). The model is estimated with a maximum likelihood
method, as a “trivariate probit” specification. The distribution of the error terms follow a trivariate
normal distribution, simulated with a GHK simulator. The three columns of Table 5 correspond to
the model’s three equations. The data are pooled for the various grades and years. Each specification
includes grade-year dummies in each equation and the x? statistics for their joint significance is
reported.

This model controls for a potential correlation between teacher attitude to repetition and school
dropout. However, this correction relies on the assumption that the coefficient of teacher attitude to
repetition in the dropout equation is the same for all children. This estimation is highly parametric,
since it relies strongly on the non-linearity of the effect of ¢, on grade repetition.

Determinants of selection Table 5 includes a correction for selection. This correction appears
necessary, as the coefficient of the instrument for grade repetition in model (16) is affected by the
correction for selection.?*

In Table 5, the negative shocks on harvests are used as an exclusion restriction in the repetition
equation. Like in Table B.9, this coefficient is positive and significant in the selection equation.

Determinants of grade repetition This specification includes two proxies for teacher attitude
to grade repetition: the repetition rate of the peers and the test score of the last passer. The test
score of the last passer is a proxy for ¢z, but once controlled for Sy, a proxy for t; proxies for v} as
well according to equation (5). The coefficient for these proxies are both positive and significant, as
expected.

The coeflicient for “Rank relative to first repeater and last passer” is negative and significant. This
is expected: if the learning achievement is higher than the “target achievement”, grade repetition is
less likely. This coefficient is significant, the x? test for is significance is 8.9.

The effect of grade repetition on school dropout The repetition rate of the peers is positively
correlated with the probability of being enrolled at school the next year. Several explanations can be
given for this coefficient. First teacher attitude to repetition may be correlated with some other edu-
cational method causing less dropouts. Second, teacher attitude to repetition has other repercussions
than repetitions, and those repercussions affect the school dropouts of passers. This effect is credible:
it may increase motivation for pupils willing to avoid grade repetition, or may decrease the standard
deviation of test scores in the class. In both cases, grade repetition may encourage the acquisition of

24The specification without control for selection is available upon request.
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Table 5: Joint estimation of the determinants of grade repetition, selection and school dropouts

corresponding to the model (16)

repetition selection enrolleds i1
0 @) )
Repetition rate of the peers .837 1.094 .950
(.502)* (.622)* (.501)*
Last passer’s test score 279 -.115 073
(.092)*** (.160) (.149)
Negative shock on harvests this calendar year or next 492 .161
(.192)** (:268)
Rank relative to first passer and last repeater -.551
Grade repetition -1.627 -1.607
(1.670) (.820)**
(Average marginal effect of grade repetition) -.062
(.029)**
Test score and other covariates Yes Yes Yes
Obs. 1818 1818 1818
x? grade year dummies 3.829 7.985 19.843
corresponding p value 430 .092 .0005
x? instruments 8.884 6.526
corresponding p value .003 .011

Additional covariates in each equation: test score, group mean test score, previous year’s test score, household

wealth, parents’ education, grade-year dummies.

Note: *** ** and * mean respectively that the coefficient is significantly different from 0 at the 1%, 5% and

10% level. The standard deviations of the estimators are corrected for the correlation of the residuals between

different observations of the same child.
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knowledge so it may discourage dropout. Further, it is also credible that teacher attitude to repetition
is perceived by the parents as a signal for the school quality. In that case teachers favoring grade
repetition face lower dropout rates because their pupils are selected and have a higher demand for
schooling, not because the grade repetition of their peers has any positive impact on their acquisition
of knowledge. Finally, a grade repetition may be less discouraging when grade repetition rates are
low; and passing the grade may be a signal for high learning ability only when grade repetition rates
are high.

Whatever the reason why the repetition of the peers is correlated with dropouts in Table 5, the
effect of grade repetition on school dropouts in Table 3 potentially underestimates the number of
dropouts caused by grade repetition. However, the coefficient for grade repetition is still negative and
significant in this specification. The estimated marginal effect (6.2%) is significantly different from
0 and close to the corresponding coefficient in Table 3. Overall, the results in Table 5 confirm that
grade repetition has a negative effect on schooling, this result being robust to the potential causal link
between teacher attitude to repetition and dropout.

4.3 Sensibility to the Measurement error

RRjj is a proxy for 1(S;; > ti). One could therefore be concerned that the measurement error
in RR;;, may biase the estimates in Table 5. Indeed, the measurement errors p(S;;) and p(ty) are
included in «}, the error term in the enrollment equation of model (16).

To make it clear, RR;, = (S}, > ti;) + 1(S}, > tf,). For j = 1,2, this equation introduces
the measurement errors and real values of S, and ¢: 1(S}, > t,’;j) = 1(Sik — te > p(Six) — p(te;))-
Hence RR;; is on a theoretical basis very likely to be correlated with the error term in the enrollment
equation ul = wix — Be11t(Sik) — Bespit(tr), because both include p(S;;) and p(ty).

This is of course undesirable, and Table 6 tries to assess to what extent the estimates in Table 5
are likely to be biased by measurement error. Indeed, this Table tries to estimate model (16) with
flawed controls for S;; and tx, and assesses whether the effect of grade repetition on dropout changes.
If the effect of grade repetition on school dropout is the same when the control for test score is flawed,
it probably means that it is not crucial to control very carefully for the child’s learning achievement.
Then the endogeneity due to the measurement error in test scores is probably negligible. This seems
to be actually the case in Table 6. In this Table, column 1 recalls the effect of grade repetition
on enrollment from Table 5. Column 2 presents the same specification without control for the test
scores in any equation. Column 3 presents a specification when test scores have been replaced by a
noisier variable, which is the sum of test scores and a random noise.?® The estimates of the effect of
grade repetition on dropout are very similar in each equation, and it seems therefore unlikely that the
measurement error in test scores biases seriously the effect of grade repetition on enrollment in Table
5.

Columns 4, 5 and 6 in Table 6 assess the sensibility of the effect of grade repetition on the
measurement error of {;. Table 5 and column 1 include two controls for t5: the last passer’s test score
and the peer’s repetition rate. Column 4 gives the results of a specification with a single control for
tr: the last passer’s test score. Column 5 gives the results without any control for t;. Column 6 gives
the results when the last passer’s test score has been repaced by a noisier variable which is the sum of
this variable and a random noise.?® Overall, the results seem much more sensible to the measurement
in t; than in the measurement in test scores. The probit coefficients are indeed very affected by the
absence of control for ;. However, the corresponding marginal effects are approximately the same in
columns 1, 4, 5 and 6.

25This noise has a normal distribution with standard deviation 1. The standard deviation of the test scores is 1.
26This noise has a normal distribution with standard deviation 1. The standard deviation of the last passer’s test score
is 0.84.
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Table 6: Effect of grade repetition on school enrollment corresponding to the model (16), sensibility
to measurement error

. No repe- No last Noisy
Noisy - , last
No test tition passer’s ,
Tab. 5 test passer’s
score rate of test
score test
peers score
score
(1) (2) (3) (4) () (6)
Repetition rate of the peers .950 1.134 1.14
(:501)* (A70)** (.488)**
Last passer’s test score .073 .057 .052 .207 .095(0)
(.149) (.150) (.153) (.128) (.066)
Test score 138 -.018M 189 193 232
(.163) (.073) (.155) (.151) (:153)
Grade repetition -1.607 -1.837 -1.786 -1.724 -2.665 -2.128
(.820)** (.597)**x (.616)*** (.557)** (1.425)* (1.042)**
Average marginal effect -.062 -.073 -.074 -.055 -.055 =047
of grade repetition (.029)** (.038)** (.036)** (.021)*** (-17)F** (.18)**
Obs. 1818 1818 1818 1818 1823 1818
x? first stage 8.884 99.15 71.18 22.12 78.63 60.23
corresponding p value .003 .000 .000 .000 .000 .000

Notes: The Table only reports the coeflicients of the enrollment equation.

Additional covariates in each equation of model (16): group mean test score, previous year’s test score, household
wealth, parents’ education, grade-year dummies.

(1): A noise has been added to the variable. This noise follows a normal distribution and has a standard
deviation of 1. The standard deviation of the initial variable is 1 for test scores and 0.84 for last passer’s test
score.

*ak KK and * mean respectively that the coefficient is significantly different from 0 at the 1%, 5% and 10% level.
The standard deviations of the estimators are corrected for the correlation of the residuals between different
observations of the same child.

The measurement error of t; supposedly affects the effect of grade repetition on dropout only if ¢
affects dropout. Indeed, the error term in the enrollment equation is u} = i — Be11(Sir) — Bespit(tr),
hence if .3, = 0 there is no bias, as u(tx) is not in the error term of the enrolment equation. So it is
worth noting that in Table 5, the repetition rate of the peers is the only proxy for ¢ affecting dropout.
Dropping this variable from the sample should probably take into account most of the bias due to
the measurement error in fx. One could argue that dropping the last passer’s score only increases
the standard error of the estimators and that the estimates are less precise in columns 5 and 6. The
correlation between last passer’s score and the repetition rate of the peers is only 0.4. Hence it is
difficult to argue that the last passer’s score replaces the control for the repetition rate of the peers in
column 4 of Table 6. It is therefore possible to believe that the estimates in Table 5 are not affected
by the measurement error of t.

5 Conclusion

This chapter uses two different identification strategies to estimate the effect of grade repetition on
school dropout. In the first one, a proxy for the differences between teachers attitude to repetition is
used a an instrument for identifying the effect of grade repetition on dropout. With this instrument,
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a negative effect of grade repetition on school dropout is estimated. The specification includes school
fixed effects, ruling out potential endogeneity from teacher or pupil placement. However, in this
specification a causal effect of teacher attitude to repetition on school dropout is a potential source of
bias. To control for this, the second specification uses the fact that the grade repetition probability may
be discontinuous with respect to learning achievement, if a certain learning achievement is required
to pass. So the second specification uses this discontinuity to identify the effect of grade repetition
on dropout. In this second specification, the causal effect of grade repetition on school dropout is
negative as well and quantatively similar to the benchmark specification.

This chapter focuses on the effect of grade repetition on short-term dropout but grade repetition
may have other consequences. First, it has a direct effect on the acquisition of knowledge. However,
as long as grade repetition causes school dropout, evaluation of this effect raises a serious selection
problem. In addition, schooling decisions and knowledge acquisition are closely interlinked, and it is
doubtful any conceptually acceptable instrument can be found for this selection.

Second, grade repetition may have long-term consequences. It is possible a priori to evaluate the
long term effect from the same data, but this is not addressed here. In fact, this evaluation suffers
from empirical pitfalls due to small sample sizes: the panel dimension of these data cannot be fully
exploited to analyse long-term effects of grade repetition, as the panel only lasted five years.

Finally, teacher attitude to grade repetition is likely to have a direct effect on school dropout,
as shown in the last specification of this chapter. To my knowledge, this effect has never been fully
identified in the literature, and this may strongly limit the conclusions drawn from the literature on
grade repetition. Overall, despite endogeneity concerns in many papers, the literature on the effects
of grade repetition have drawn a pretty pessimistic view on the consequences of grade repetition for
repeaters. The analysis of the way grade repetition rules affect the other pupils may both mitigate
these results and explain why the teaching staffs are sometimes reluctant to decrease repetition rates.
This analysis raises nevertheless some identification issues, which may only be fully adressed with
experimental or quasi-experimental data.
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Table A.7: Descriptive statistics for the variables of this paper

N mean standard deviation min. max.
Grade repetition 2176 0.173 0.379 0 1
Enrolled next year 2820 0.976 0.152 0 1
Test score 2380 -0.066 0.983 -3.20 3.34
Previous year’s test score 2286  0.009 1.00 -2.34  3.81
Group mean test score 2513 -0.065 0.590 -1.63 1.91
Negative shocks on harvests 2818 0.101 0.328 0 2
Repetition rate in the group 2503 0.172 0.180 0 1
Last passer’s test score 2466 -0.754 0.901 -3.20  4.69
Test score higher than last passer’s score 2393 0.730 0.444 0 1
Test score higher than first repeater’s score 2393  0.717 0.451 0 1
Parent’s education 839 1.93 1.42 1 8
Household wealth 823  -0.88 2.01 -3.12  4.38

Notes: The last school year of the panel is dropped because repetition is not observed. Once attrition is taken into

account, 2825 observations for time-variant variables remain, and 921 individuals for time-constant variables

Table A.8: Grade attended during the PASEC panel for six imaginary cases

case 1 case 2 case 3 case 4 case 9 case 6

AN
z ; s
s | s ; e
N s i
s | s BN

(When the child did not take the tests, the possible grades are in grey)

A Variables

Repetition is a dummy taking value 1 if the child repeated the grade, and 0 otherwise. Information
is from the PASEC panel. In each case, I tried to infer each year whether the child passed at the end
of the school year. Table A.8 sums up the various possible cases in the PASEC data and specifies
whether anything can be learned about the child’s progression. Case 1 is the basic case: the child took
all the tests. He repeated after school year 1995 - 1996, and has passed all the subsequent grades. In
case 2, the child did not take the tests in 1996 - 1997. The reason why he did not take the test is
not reported. Consequently, whether he repeated the second or the third grade is unknown. In case
3, the child dropped out in 1996. Consequently whether he was admitted to third grade after school
year 1995 - 1996 is unknown. In case 4, the child is not in the sample after 1997 - 1998, so whether
he repeated during the subsequent grades remains unknown. In cases 5 and 6, grade repetitions are
not ambiguous: we know the child repeated twice (case 6) or passed twice (case 5) when he was not
observed.

Enrolled is the fact that the child is still enrolled at school in a given year. The information is
inferred from the EBMS dataset so as to distinguish attrition in the panel from school dropout.
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Test scores are a proxy for learning achievement at the end of the current school year. In fact the
PASEC panel contains school tests at the end of each academic year until the end of the survey.?” The
tests were marked by the PASEC team. Consequently, test scores could not be influenced by teachers.
Table 1 reports the number of children taking each test.

The tests were designed to ensure easy comparisons within grade-years. They nevertheless differed
between different grades and years of the panel. The test scores have a mean of 0 and a standard
deviation of 1 within each grade-year.

Previous year’s test scores are a proxy for learning achievement prior to the current school year.
During the panel, the children took tests at the end of each school year. In each grade-year of the
panel, most of the children had been in the preceding grade the year before. The others had been
in the same grade the year before, and were currently repeating their grade. The tests for currently
repeating children and others had been different. Yet, some items had been common to both, and
those items are used to compare the knowledge of the pupils prior to the current school year. Again,
this variable has a mean of 0 and a standard deviation of 1 within each grade-year. This comparison
relies exclusively on skills acquired in the preceding grade, since the tests never included items about
the skills supposed to be acquired in the following grades.

Parents’ education is the mean of both parents’ education. The education of an individual is 1 if
the individual never went to school, 2 if the person began but did not finish primary school, 3 if he
finished primary school but did not begin secondary school, etc. It takes the highest value, 8, if the
individual attended to higher education. If information about the father’s education or the mother’s
education was missing, it is replaced by the mean education of the other adults (aged more than 25
in 1995) in the household.

Household wealth is a composite indicator for possession of durable goods, obtained by a principal
component analysis. It is based on children’s declarations in 1995, and so avoids reverse causality due
to the children’s education.

Negative shocks on harvests is a dummy taking value 1 if the head of the household reports a
negative shock on harvests during the current calendar year or the next. These shocks are taken into
account if the child or his parents were still in the household visited by EBMS in 2003. Otherwise this
dummy equals 0, because the child was not really affected by these shocks. (140 cases out of 1823)
However, for all the specifications presented, including a dummy for those cases did not change the
effect of grade repetition on school dropouts.

Repetition rate of the peers is a proxy for teacher attitude to repetition. A group is defined
by all the children being in the same school and the same grade in a given school year.?® The peers
of a child are the other pupils of his group than himself. Among the peers of a given child a given
year, “passers” are those admitted to the next grade. Others must repeat their grade if they do not
drop out and are called “repeaters”. The repetition rate in the group is the proportion of “repeaters”
among the peers. It is calculated among the peers that are unambiguously passers or repeaters.
Among the passers, the “last passer” is the passer with the lowest test score.

2"The second grade classes were not surveyed from 1997 - 1998, so pupils still in this grade at that time were not
surveyed until they passed the third grade.

28 A group is an approximation of a class: there may be several classes per group in some cases. In fact, there may be
several classes per grade in some schools. In that case, although all the pupils are in the same class in the first year of
the panel, in the following years they may be in the same grade and in different classes.
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Last passer’s test score is another proxy for the teacher specific attitude to repetition. In fact, if
the last passer’s score is high, a given child is expected to repeat more frequently.

Test score higher than last passer’s score is a dummy taking value 1 if the child’s test score is
higher than the last passer’s score, and 0 otherwise. The idea that a child has to repeat if his learning
achievement is below a certain threshold level is widespread. If there are differences among teachers
in their attitudes to repetition, this level of learning achievement may change among teachers. That
is why the test score of the last passer is used as a proxy for it. Accordingly, the dummy is a proxy
for the fact that the child’s achievement is above the threshold.

Among those not admitted to the next grade, the one with the highest test score is the “first repeater”.

Test score higher than first repeater’s score is a dummy taking value 1 if the child’s test score
is higher than the last passer’s score, and 0 otherwise. If there is no repeater in the group, the dummy
for the “test score higher than first repeater’s score” equals 1 for every child.

Rank relative to first passer and last repeater compares a child’s test score with the last
passer’s score and the first repeater’s score. It takes value 2 if the child’s score is higher than both
comparison scores (i.e. the last passer’s score or the first repeater’s score). It takes value 1 if the
child’s score is higher than one of the two comparison scores. It is 0 otherwise.

B Results with model(1)

In table B.9, model (1) is estimated parametrically. This is not the benchmark specification for
convergence reasons. The error terms (€;x, uik, v;ir) follow a trivariate normal distribution, approxi-
mated with a GHK simulator, with 25 iterations in Table B.9. The maximum likelihood does not
converge with more iterations in the simulator.

When maximization fails, the coefficient vector generates ﬁ(selection =1) > P(Eik,t“ = 1) for
many observations. It would consequently be expected that for some of these observations, selection =
1 and Ej 441 = 0. The data are constrained to selection = 0 if Ej ;11 = 0, and I suspect that this
incoherence between the data and the predictions of the model causes the failure of the maximization
process.



25

Table B.9: Joint estimation of the determinants of grade repetition, selection, and school dropout
with Chamberlain (1980) fixed effects

repetition selection enrolleds41
0 @) @)
School mean of grade repetition rates among peers .866 1.267 974
(.453)* (.572)** (.713)
Negative shock on harvests this calendar year or next 465 193
(.181)** (:265)
Repetition rate of the peers 1.646
(:291)***
Grade repetition -.978 -1.425
(.556)* (.599)**
(Average marginal effect of grade repetition) -.049
(-.016)**
Test score and other covariates Yes Yes Yes
Obs. 1823 1823 1823
x? grade year dummies 9.585 10.999 19.887
corresponding p value .048 .027 .0005
x? instruments 32.046 6.598
corresponding p value <107° .010

Additional covariates in each equation: test score, group mean test score previous year’s test score, household
wealth, parents’ education, grade-year dummies.

Note: *** ** and * mean respectively that the coefficient is significantly different from 0 at the 1%, 5% and
10% level. The standard deviations of the estimators are corrected for the correlation of the residuals between
different observations of the same child.
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C Proofs for the semiparametric identification of model (1)

C.1 model (1)

This section proves that model (1) can be semiparametrically identified.
The model (1) is :

r = WXB +%2 +er > 0)
= W(XBs+7sZ2 +asr +e5>0) (17)
e = WXBe+veZy +aer +e.>0)

(For simplicity r is repetition, s is selection, and e is enrolled;;1. For the same reason, the
equations have been written in a simple form X3 +~vZ +¢.)

Let us recall r is observed if and only if s = 1. f(e,, €5, &) is the distribution function of (&,,¢€s, £¢).
Manski (1988) shows that in the one-dimensional binary model case, the parameters are identified by
the derivatives of the distribution function. This idea is used to show that all the parameters of model
(1) are identified without any parametric assumption on f(e,,£s,€e).

O is the support of (X, Z1, Zs). Let us make the following assumptions:

1. The distribution of (&,,¢€s,€¢) is independent of (X, Z71, Z3).
2. v #0and v5 # 0

3. Vjed{rs,e}, Bii=1

4. 3(Xo, Z10, Z2o) € O verifying :

(a) In the neighborhood of (Xo, Z10, Z20), (X, Z1,Z2) € ©

) (dIHTZM(XO,ZlO,ZQO) %ZE’SZD(XO,ZwaZQO)

S g has full rank
M(X()azl(bZQO) M(X()azl(bzm)) >

le dZ2
(¢) Y(X, Z1, Z3) in the neighborhood of (Xg, Z10, Z20), 0 < f(—=XBr—7Z1, — X Bs—sZ2, — X Be—
Yel2) < 00

d. H(Cl = (XCHZI(MZQG)?b = (Xb,Z1b7Z2b)) S 92

Xaﬁr + ’YTZIa = Xbﬁ’/‘ + 77‘Zlb
(a) XofBs + Vs Zoa + s = XpBs + Vs Lo
XofBe + VeZoa + e = XpfBe + Ve Loy
(b) In the neighborhood of a and b, (X,Z1,Z2) € © and 0 < f(—XG, — Z1,—X[s —
/YSZQ’ 7X/86 - 'YeZQ) < 0

Assumption 1 is necessary in Manski (1988) and is still necessary here. It ensures that the
derivatives of the probability functions with respect to X, Z; or Z, are not caused by variations
of f(er,es,€e).

Assumption 2 ensures the instruments have a real causal effect on the endogenous variables.

In model (1), only the signs of the latent variables (X3, + 721 + €, X8s + 7sZ2 + asr + €5 and
X Be +7eZo + aer +¢.) are observed. Accordingly, the parameters are identified up to the scale of the
parameter vector. Assumption 3 easily fixes that scale.

Assumption 4a ensures it is possible to compute the derivatives of the probability functions with
the data since the points in the neighborhood of (Xy, Zp) are in the support of (X, Z). It is certainly
possible to extend the identification result when X contains some binary variables.
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Assumption 4b ensures some of the derivatives of the probability functions are not all zero and
that they are not collinear, so that the systems are fully identified in (Xo, Z19, Z20).

Assumption 4c ensures the other derivatives of the probability functions with respect to the co-
variates are not null in (X, Z19, Z2o).

Assumption 5 ensures the support © is large enough to contain a pair of points with similar
characteristics for s and e when the former has r = 1 and the latter has r = 0.

This proof has three steps: first, it is shown that the coefficients 3 and v of the first two equations

of model (1) are identified, second, it is shown that the coefficients 5 and 7 of the last equation are
identified, and finally, it is shown that the « are identified.

e Identification of the first two equations of the model

Let us compute the derivatives of IP(r = 1,s = 1|X, Z1, Z3). This probability and its derivatives
can be estimated with the data in (Xo, Z10, Z20) if assumption 4a is true:

P = P(r=1,s=1|X,%, %)

oo oo
= / / / f(er,€s,€e)derdesde.
7Xﬂr*’7rZ1 7Xﬂs*')’sZ2*as R

F(n)(_XﬂT - 77"217 _Xﬂs - /YSZQ - as)

We note F{(H) and Fé(u) the derivatives of F(11) with respect to its two arguments. The
derivatives are:

dpib)

X, Y 4 gty (18)
dpiy /(11) (A1) .

X = BriF) 7+ BeiFy (Vi€ {1..K}) (19)
dpiy 1

az %F{( | (20)
dp) 11

This is clearly not sufficient to identify § and . In fact, these four equations contain six unknown
parameters, since F1/(11) and Fé(n) are unknown. So the derivatives of IP(r = 0,0 = 1|X, Z1, Z)
are necessary to identify «v and S.

POV = P(r=0,5s=1X,%, %)

Xﬂr_ﬁ/rzl o0
= / / / f(er, €5, €e)derdegde,
—o0 _Xﬁs_'YsZ2 R

FOV(—XB. — 7, Z1, —XBs — 75 Zo)

O and Fé(m)

We note F) the derivatives of F(O1) towards its two arguments.
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dg(oll) = K+ E%
dg;:) = 3P, + g FY
dggl) _ %F{(Ol)

dij;o:) _ %Fé(m)

From equation (18) rearranged with (20) and (21), and (22) rearranged with (24) and (25), we
get the two equations system:

Under assumptions 4b and 2, this identifies v, and .. We can then easily compute F{(ll), Fé(ll)

dp(ll) . LdP“l) LdP“l)
dX, T v dZy Vs dZs
ap(o1) . idp(Ol) LdP(Ul)
Xm o Yr le Vs dZQ

F{(Ol) and FQ/(OI) with (20), (21), (24) and (25). The system:

identifies B,; and fBs;. In fact, assumption 2 ensures that (

(11)

dg);l - ﬂriF{(ll) + ﬂsiFQI(ll)
(01)

dgxi = ﬁriF{(Ol) + ﬁsiFQI(Ol)

F My O
11 1
Y Fy Yy By

(11)  r(01)
that ( F Fl,(m) ) has full rank.

1
HY

Identification of the third equation

We compute the derivatives of IP(e = 11X, Z1, Z5):

rM

P(e =1|X,Z1, Z5)
/ / / fler,es,€e)derdesde.
—XBr—vZ1 JIR J =X Pe—YeZ2—0te

XBr—yrZ1 )
/ / / f(er,€s,€c)derdesde,
—00 R J—XBe—7eZ2

F(l)(_Xﬁr - 'YTZI, _Xﬁe - 76Z2a _ae)

)

) has full rank,

We call Fll(l), Fé(l) and Fé(l) the derivatives of F1) with respect to its arguments. We compute

the derivatives of P():
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de;g) _ OO (26)
dfz(ll) = O (28)
de:) _ B (29)

M can be easily computed with (28). It is then possible to compute Fé(l)
with (26). Under assumption 4c, FQI(l) is not null in (X, Z1, Z2) € ©. That is why ~. is identified
by (29). Knowledge of 3,;, Fl/(l) and Fé(l) identifies fg; in (27).

~, is known, so that F)

e Identification of a.

Adapting Vytlacil and Yildiz (2007), it is easy to show that:

If 3 ((Xaa Zlaa ZZa)a (Xba Zlba ZZb)) (XC7 Zlca Z20)7 (Xd7 Zld7 Z?d)) S 64 50 that29

XoBr + VrLla = X + YrZ1p = Kr1 IP(T|G) = ]P(T|b)
XeBr + v Zie = XabBr + Ve Z1a = Kr2 IP(T|C) = IP(T|d)
&9 - - (30)
XofBs + VsLoe = XcfBs + VsLoe = Ksl ]P(S|a) = IP(SIC)
Xofs + s 2oy = Xafls + Vs Z2d = Ks2 P(s|b) = IP(s|d)
0 < f(er,€s,€e) < o0 in the neighborhood of a and of b and k1 # Kyo.
Then
P(r=1,s=1la) —P(r=1,s = 1|¢) B
(:— P(r = 0,5 =1[b) — P(r = 0,5 = 1]d)] | = /o1 T % = fis2 (31)

It is obvious that the converse is true. In fact, if k51 + s = K40, then:

because

291P means that the probability is net of the effect of r on o.
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P(r=1,s=1la)+P(r=0,s=1|b) = / (er,€s,Ec)derdesde,

/_’4351 —Qg

/ / (er, €5, €e)derdesde,

= // /fer,ss,se)dsrdesdee
—Ks2

A

= P(s=1]b)

_l_
\\

(30) ensures that IP(s = 1|b) = IP(s = 1|d). Finally:

P(r=1,s=1la)+P(r=0,s=1b) = P(r=1,s=1lc)+P(r=0,s = 1|d)
sP(r=1s=1la)—P(r=1,s=1c) = —[P(r=0,s=1|b) —P(r=0,s=1|d)]
Proof of equation (31):
We write the probabilities:
o0 oo
P(r=1,s=1|kr, ks) = / / / f(er,es,6c)depdesde,
—kpr J—rs—as JIR
—Kyr OO
P(r=0,s = 1|kr, ks) = / / / f(er,es,6c)derdesde,
—oo J—ks /IR
Then we can easily compute the differences of (31):
—Kpro OO
P(r=1,s=1la)—P(r=1,s=1l¢c) = / / f(er,es,c)derdesde,
—kri1 ks1—as /IR

—Krl 00
P(r=0,s=1b) —P(r=0,s=1|d) = / / fler,es,6c)derdesde,

—Kr2 —ks2 JIR

We can now rewrite the first term of (31):

P(r=1,s=1la)—P(r=1,s=1|c) = -[IP(r=0,s =1|b) —IP(r =0,s = 1|d)]

—Kr2
(/ / (er,€5,Ec)desdee — / / (Er, €5y Ee d55d€e> de, =0
—Rr1 —Rs1—CQsg —KRs2
—Rr2 —Ks2
/ (/ sr,es,se)dss> deyde, =0
—KRr1 —Ks1—0s

f(er,es,6¢) > 0 in the neighborhood of a and b. As a consequence, it is strictly positive in a
subset of the integration interval with a strictly positive Lebesgue measure if kg1 + a5 # Kga. SO
Ksl + Qs = Ks2, QED
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Assumption 5 ensures that some points verifying (30) and (31) exist in ©. In fact, points a and b
in assumption 5 verify (30) and the second term of (31). ¢ can be found in the neighborhood of a
and d in the neighborhood of b: the hyperplanes IP(s|(X, Z1, Z2) = IP(s|a) and P(s|(X, Z1, Z) =
IP(s|b) necessarily contain pairs of points that have the same P(r), since P(r|a) = P(r|b).

These points can be recognized because the validity of (30) and

P(r=1,s=1la) —P(r=1,s=1b) = —[IP(r =0,s = 1|¢) = IP(r = 0,s = 1|d)]

can be evaluated with the data and previous results.

Identification of ..
If 3((Xa» Z1as Z2a)s (Xbs Z1bs Zov)y (Xes Zres Zoe)s (Xdas Z1as Z24)) € ©% so that

B
~—
|

XofBr + Vrdila = XpBr + YrZ1p = Kr1
Xcﬂr + /erlc Xdﬂr + /erld = Kr2
Xaﬁs + 73Z1a Xcﬁs + 'YSZlc = Rsl

)

o gac o aca- P!
D d® »®W » N 3
s}

& 32
XpBs +7sZ10 = XaBs +7sZ1d4 = Ks2 b) = d) (32)
Xaﬁe + ’76Z2a = Xcﬁe + 'YeZ2c = Rel a) = C)
XofBe+veZoy = Xabe+Vedod = Ke2 b) d)
and { Frl 7 Fr2 and 0 < f(er,es,6e) < 0o in the neighborhood of a and of b.
Ksl + Qs = K2
Then
P(r=1,s=1,e=1la) —P(r=1,s=1,e=1|c) B
( e [Pr=0s=1le=1b)-Pr=0s=1e=1d) |~ T =r (33

For the same reason as for the identification of ay, the converse of 33 is true. In fact, if ke +ae =
Ke2, then:

Proof of equation (33):
We write the probabilities:

Pr=1,s=1,e=1la) = / / / f(er,es,6c)depdesde,

—Rrl Y —Rs1—0Qs v —Rel — Qe
o0 o o
P(r=1,s=1e=1lc) = / / / f(er,es,6c)derdesde,
—Rr2 4 —Rs1 —Qs J —Kel —CQe¢
—Kprl 0o 00
P(r=0,s=1,e=1Jb) = / / / f(er,es,6c)derdesde,
—0o0 —HRs2 Y —Ke2

— K2 0o 00
P(r=0,s=1e=1|d) = / / / f(er,es,6c)depdesde,
—0o0 —Rs2 J —Ke2



Then we can easily compute the differences of (33):

P(r=1,s=1,e=1la) —P(r=1,s=1,e=1|c)

= e =
—Rr2 o o0
- / / / f(eTv Es; 56)d5rd53d56
Krl —Kgl—0Qs J —Kel —Qe
P(r=0,5=1Le= 1)~ P(r=0,5=1c=1|d)

—Kpr1 OO 00
= / / f(er,es,€c)derdesde,
Kr2 —Ks2 J —Ke2

We can now rewrite the first term of (31):

P(r=1,s=1la) —-P(r=1,s=1lc) = —[P(r =0,s = 1|b) = IP(r = 0,s = 1|d)]

—Kr2 —Ke2
/ / f(er,es,6e)derdesde. =0
—HKs2

—Kr1 KRel—CQe

f(er,es,6¢) > 0 in the neighborhood of any point of © (assumption 4c). As a consequence, it is
strictly positive in a subset of the integration interval with a strictly positive Lebesgue measure
if Ke1 + Qe # Kez. That is why Ke1 + s = Keo. Assumption 5 ensures that those points exist, so
o can be identified.

C.2 Model (1) without 7,

This appendix proves that Zy is unnecessary for identifying the sign of a.. Accordingly, it is
theoretically not necessary to control for selection to identify the sign of a,. semiparametrically.
The corresponding model is:

r = WXB +vZ +e, > 0)
= (X}, +asr +es > 0) (34)
e = I(Xpe +oaer  +ee > 0)

(For simplicity r is repetition, s is selection, and e is enrolled;;q. For the same reason, the
equations have been written in a simple form X5 +~vZ +¢)

Let us recall that r is observed if and only if s = 1. f(e,,es,¢.) is the distribution function of
(er,€s,€c). Manski (1988) shows that in the one-dimensional binary model case, the parameters
are identified by the derivatives of the probability function of the dependent variable. This idea
is used to show that the sign of . is identified in model (34) without any parametric assumption
on f(er,es,€¢). O is the support of (X, Z). We make the following assumptions:

1. The distribution of (&,,€s,€.) is independent of (X, Z).
2. #0
3. 3(Xo, Zp) € O verifying :

(a) In the neighborhood of (X, Zp), (X,Z) € ©

(b) Jr Jr f(=X0Br — 20,5, €c)desdee < 00
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(¢) f(er,es,6e) > 0 in the neighborhood of (—Xof8, — v Zo, —X08s — as, —X0fs — ),
called T’

Assumption 1 is necessary in Manski (1988) and is still necessary in this case. It ensures that
the derivatives of the probability functions with respect to X or Z are not caused by variations

of f(er,es,e).
Assumption 2 ensures that the instrument has a causal effect on r.

Assumption 3a ensures that it is possible to compute the derivatives of the probability functions
with the data since the points in the neighborhood of (Xy, Zy) are in the support of (X, Z). It is
certainly possible to extend the identification result in the case where X contains some binary
variables.

Assumption 3b ensures that the density of €, in — X3, — % is finite, so that the derivatives
of the probabilities with respect to Z are finite.

Assumption 3c ensures that the derivatives of the probability functions with respect to Z are
not null.

— Proof that the sign of ~, is identified
We write IP(r = 1,s = 1,e = 1|X, Z), which is identified by the data in (X, Zy) because
of assumption 3a:

) 0 )
Pr=1,s=1e=1|X,2) = / / / fer, es,6c)derdegde,
7X5T7PYTZ *Xﬁsfas 7X65*ae

=>dP(r=1,s=1,s=1|X,2)/dZ = %/ / f(—=XBr — v Z,e5,€¢)desde,
_Xﬁ.s_as _Xﬁe_ae

o0 o0
0 < / / f(=X0r — 2, es,ec)desdee
_Xﬁs_as _X/Be_ae
Assumption 3b ensures that:
(o] o
/ / f(_XOﬁT_%”ZO’ 55’56)d55d56 < / / f(_Xﬂﬁr_%”ZOa 5Sa56)d55d56 < 00
7X0ﬂsfas *XOﬁe*ae R JIR

And assumption 3c ensures that:

/ f(_XOﬁr - 'Yer Es, Ee>d55d56
[_XO/BS_O(S:OO} X[_XO,@e_aaw]

> f(_XO/B’V‘ - fY’r‘Z07557Ee)dEsd€e >0

/([—Xoﬂs —QOs 700] X [_XO/BE —Qe 700] )mF

That is why

00 S
0< / / f(_X05T - 7T207€s>€e)d55d56 < 00
_XO/gs_as _XOﬁe_ae

so that dP(r:l’szée:l'X’Z) (X0, Zp) has the same sign as ;.
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— Proof that the sign of «a. is identified
Now, let us focus on P(e = 1| X, Z):

Ple=1|X,2) = Ple=1,r=1/X,2)+P(e=1,r =0|X, 2)
= / / / f(er,es,6c)derdesde,
XBr— ’Yr XBe—ae
Xﬁr "/r
+ / / / f(er,es,€c)derdesde,
X e
= / / / f(er,es,6c)depdesde,
X Be

X Be
+ / / / f(er,es,6c)de,desdee
XBr—1wZ X Be—cre

XBe
/ / (—XBr — W2, es,6c)desde,
X/Be Oée

= dP(e = 1|X, Z)/dZ

Again, if a, > 0, then 0 < [ /- ))((Ooée_a? f(=XoBr — WwZ0,€s,€c)desdee < 00, because of

hypotheses 3b and 3c. For the same reasons, if a < 0, then —oo < [ [~ ;((Ooﬂﬁ: . f(=XoBr—
VrZ0,Es, €e)desdee < 0. This shows that dIP(e = 1|X, Z)/dZ and a.7, have the same sign.

The sign of ~, is identified, so the sign of . is identified.



