
361

Edgar Franco Vivanco*
Fecha de recepción: 29 de enero de 2012; fecha de aceptación: 14 de junio de 2013.

Abstract: Educational quality in Mexico is a recurrent topic in the country’s pub-
lic agenda. For this reason, better information about its determinants is required 
to guide policy makers. This discussion is particularly relevant within the context 
of the educational reform proposed by the federal government. Existing research 
for Mexican students is limited because it does not take into account the change in 
scores, or it is constrained by regional analysis. The aim of the present research is 
to fill this gap in the literature by using longitudinal data to study the impact of 
school characteristics on educational achievement, building a model that takes 
into account changes in educational achievement through time. Because existing 
data does not allow the tracking of students through time or their linkage to indi-
vidual teachers, this article uses intra-cohort data for students that participated 
in the national standardized test enlace for primary and secondary schools be-
tween 2007 and 2010. This paper addresses endogeneity problems using fixed ef-
fects models, hlm models and spatial techniques to associate school location with 
census data at the neighborhood level. This research provides elements to guide 
public policies focused on increasing student achievement. Results show that 
teachers’ attendance and punctuality, evaluation of teachers’ knowledge of cur-
riculum and constant evaluation of student performance have a positive relation-
ship to student achievement growth. Additionally, there is a persistent effect of 
the quality of school infrastructure, teaching materials and socioeconomic level of 
students. These results could be useful to provide more information for the cur-
rent debate on educational reform.
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Resumen: La calidad educativa en México es un tema constante en la agenda 
pública. Por esa razón es necesario proveer de mejor información sobre sus deter-
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minantes para la planeación de políticas públicas. Esta discusión cobra particu-
lar relevancia en la coyuntura actual en la que se propone una reforma educativa 
a gran escala. La investigación existente hasta la fecha para los estudiantes me-
xicanos tiene serias limitaciones porque no toma en cuenta el cambio en el de-
sempeño educativo o, si lo hace, está restringida regionalmente. La presente in-
vestigación busca llenar el vacío en la literatura empleando datos longitudinales 
para estudiar el impacto de las características escolares en el logro educativo, por 
medio de un modelo que toma en cuenta el cambio en el desempeño a lo largo del 
tiempo. Debido a que con la información disponible no es posible seguir a los estu-
diantes a lo largo del tiempo o ligarlos con maestros de manera individual, este 
artículo utiliza información al interior de generaciones de estudiantes que parti-
ciparon en la prueba enlace de primaria y secundaria entre 2007 y 2010. Este 
artículo busca reducir los problemas de edogeneidad utilizando modelos de efec-
tos fijos, modelos multinivel y técnicas espaciales para relacionar la información 
de las escuelas con datos censales a nivel de sección geoelectoral. Aquí se proveen 
elementos para guiar la política pública enfocada a incrementar el logro escolar 
de los estudiantes. Los resultados muestran una relación positiva del incremento 
en el desempeño con el cumplimiento del tiempo de clase, con la evaluación del 
dominio del currículo de los maestros y con la evaluación constante del logro de 
los estudiantes. Asimismo, existe un efecto persistente de la infraestructura esco-
lar, los materiales educativos y el nivel socioeconómico de los estudiantes. Estos 
resultados pueden servir para proveer mayor información en el debate de la ac-
tual reforma educativa en México.

Palabras clave: educación, modelos de valor agregado, México.

jel classification: I24, I28, J33, N36.

Introduction

Poor educational achievement in Mexico is a perennial topic on the pub-
lic policy agenda, with particular emphasis being paid over the past 

decade. This country consistently scores at the bottom of academic achieve-
ment among the oecd countries. In the 2009 pisa evaluation, 0.7 per cent 
of Mexican students scored in the highest level of mathematic skills; 0.4 
per cent for language skills; and 0.2 per cent for science (oecd 2010, p. 35). 
These results rank Mexico at a lower level than poorer economies. There 
are many interpretations of this poor performance. For example, political 
economy perspectives remark the perverse incentives product of the 
decentralization process and the political muscle of the teachers union 
(Álvarez et al., 2007; Ornelas, 2000). Other studies focus on the impact of 
particular policies or external shocks on schooling (Binder, 1999; McKen-
zie, 2003). Contrary to those analyses, the present research uses an edu-
cational production function approach to more accurately identify school 
level characteristics that determine student achievement, especially 
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those related to teachers. Specifically, this paper addresses the question: 
What are the school characteristics that affect student performance 
change in Mexican schools? Conclusions from existing research in the 
same vein are limited because it is constrained to a single point in time (Ál-
varez et al., 2007; Backhoff et al., 2007; Brodziak, 2009; Valenti et al., 2009; 
De Hoyos et al., 2012; De la Vega, 2010) or to regional data (Santibáñez, 
2006; Luschei, 2012; Rubio and Farías, 2013). The aim of this paper is to 
fill this gap in the literature developing a score gains value-added model 
using nationwide data to control for previous achievement and reduce se-
lection bias.

In recent years, Mexico has taken important steps in the modernization 
of its educational system with the implementation of national reforms fo-
cused on educational quality, particularly the Alianza por la Calidad de la 
Educación in 2008, and Pacto por México in 2012; the latter led to the edu-
cational reform in 2013. The country has also been recognized by the oecd 
as a successful reformer after the increases presented in the pisa 2009 
tests (oecd, 2010). Whereas Mexico is certainly in a better position com-
pared to other Latin American countries regarding the quality and avail-
ability of information of the educational system, there are still important 
limitations. These restrictions come from the absence of long-term reliable 
administrative data. In Mexico, the national standardized test Evalu-
ación Nacional del Logro Académico en Centros Escolares (Enlace) first 
began in 2006 for basic education (primaria and secundaria) and in 2008 
for high school education. The information with student identifiers is not 
publicly available, so it is not possible to track students through time or 
identify their individual characteristics. There is also limited information 
for teachers, as there is no reliable register at the national level and it is 
not possible to link teachers with specific students or classrooms. School 
level information is also inconsistent and difficult to verify.1 For these rea-
sons, measuring school or teacher effects is a difficult task.

Value-added measures are a family of models built to disentangle 
those effects. Value-added models (vam) recognize that educational 
achievement is affected by factors outside the school’s control related to 
students’ background, characteristics, funding and student mobility, 
among others (Harris, 2011). vam take into account that in order to build a 

1 To avoid this limitation, some of the Mexican studies use Excale scores, which are more 
suitable for linking with student, teacher and school characteristics. However, a disadvantage 
of this test is that it is only performed in a sample with representativeness at state level. 
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causal link between teacher/school characteristics and student perfor-
mance, it is crucial to understand the elements that determine change in 
student achievement across time. Additionally, vam try to control for the 
effect of selection bias due to the non-random assignment of students to 
schools (Tiebout, 1956). This paper uses a simple definition of value, added 
as a model that is meant to approximate the contribution of the school on 
student performance (Braun et al., 2010). These models have been imple-
mented in educational research with very different approaches (McCaffrey 
et al., 2003). However, their core assumption is that they should control for 
background factors and initial achievement. Although more sophisticated 
specifications of value-added models are interested in the difference be-
tween the predicted improvement and the actual improvement of the stu-
dents, due to the characteristics of the Mexican data this research uses a 
score growth approach which could also be understood as a “quasi-value 
model”, and is based on measuring the academic progress of a group of 
students controlling for several factors.

In order to overcome the shortcomings related to data availability, this 
research puts together Enlace scores from 2007 to 2010 for different co-
horts. Since aggregated data at school level might be affected by confound-
ing variables, one of the objectives of linking Enlace scores for several 
years is to track the same cohort from the middle point of their primary 
education in 3rd grade through their progression in primary school; analo-
gously, it tracks progression of the cohort from the beginning of their sec-
ondary school in 7th grade. In addition, I complement the data with a ques-
tionnaire taken by school principals when their students take the Enlace 
test. These questionnaires provide a wide range of information about 
school conditions, teaching practices and school environment. Another 
source of information is the census data generated at electoral precinct 
level in a joint project between the Instituto Federal Electoral (ife) and the 
Instituto Nacional de Estadística y Geografía (inegi). This information al-
lows identifying several socio-demographic characteristics at a very local 
geographical level which might be influencing both student performance 
and school variables (ife-inegi, 2010).

Using a fixed effects model and an hlm model, I find that schools with 
larger intra-cohort gains have a stronger system for monitoring teachers’ 
content domain and student performance. Schools with larger intra-co-
hort gains also have teachers that are more likely to arrive on time to 
their classes. After controlling for several measures of student and neigh-
borhood socioeconomic level, the impact of basic infrastructure of the 
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school is still high, which implies that lacking adequate facilities is an 
important factor explaining achievement gaps (Woessmann, 2003). Al-
though results presented in this paper do not claim causality in determin-
ing schools with large performance growths, they can be useful for pointing 
out the elements that are in the scope of authorities to promote long-term 
gains in student attainment. This research builds on the large literature 
studying school effects that emanates from the so called Coleman Report 
(Coleman et al., 1966) and tries to disentangle the question of how impor-
tant schools really are in increasing student achievement.

I. Determinants of Change in Student Achievement:
A Literature Review

Academic achievement is understood as a “cumulative function of current 
and prior family, community and school experiences” (Rivkin et al., 2005, 
p. 422). Based on this principle, recent literature interested in measuring 
the impact of those elements on academic achievement highlights the im-
portance of understanding the rate of learning over time using vam, of 
which the primary objective is to reduce confounding and unobserved in-
fluences. Researchers and policymakers are attracted to those models be-
cause in statistical terms they are able to separate the effects of teachers 
and schools from non-educational factors like family background and stu-
dent characteristics.

Value-added models are used for two primary purposes: first, to hold 
teachers and schools accountable and to reward or punish them based on 
their performance; and second, to identify differences across teachers and 
schools in order to improve education (McCaffrey et al., 2003). While there 
are several models that try to estimate those effects, they vary in their ap-
proach and the type of data used, and therefore differ in their results. For 
example, Sanders and Rivers (1996) use the Tennessee Value-Added As-
sessment System (tvaas) data to study the cumulative effect of teachers in 
a single student cohort from grades 2nd to 5th, as well as the differential ef-
fects of teachers on students of different race and varying levels of achieve-
ment. Authors estimate teacher effects and effectiveness with a mixed-ef-
fects model with current-year score as dependent variable and prior year 
score as independent, plus a random teacher effect. They find that there 
are consequences of having ineffective teachers: students with three con-
secutive ineffective teachers score 52 to 54 percentile points behind stu-
dents taught by more effective teachers. There are, however, some reasons 
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to think that these results are biased since Sanders and Rivers do not con-
sider the mixing of students into groups and other omitted student char-
acteristics that might be related to teacher effects. Wright, Horn and 
Sanders (1997) also use the tvaas to model gains in student test scores 
with a mixed model as a function of teacher and a set of student and class-
room-level covariates. Then, they use standardized contributions of each 
variable to compare with teacher effects through a meta-analysis. They 
find strong and persistent teacher effects, and conclude that teacher ef-
fects are dominant to determine achievement gains. However, their re-
sults could be biased because their standardized measures are not a ro-
bust indicator of contribution to total variance in scores (McCaffrey et al., 
2003, pp. 20-23).

Rowan et al. (2002) also support the importance of teachers using re-
siduals for classroom level variance with data from the Prospects study.2 
Authors use data from two cohorts to specify a different set of models to 
test how much classroom counts for variance in math achievement. They 
find that the teacher effect accounts for 72 per cent of the reliable vari-
ance3 in growth for math scores, which supports the importance of teach-
ers in the educational process, although severe bias of these results could 
stem from the nature of the data. Another relevant paper on the topic was 
published by Rivkin et al. (2005) using data from utd Texas School Project 
to identify different factors behind student achievement. Rivkin et al. de-
velop a strategy that uses multiple cohorts tested in multiple years, and 
involves multiple stages to remove stable effects of external factors on 
growth. Their findings are that teachers and schools do matter in increas-
ing student achievement, and that those gains are related systematically 
to observable teacher and school characteristics, although this effect 
seems to be small and concentrated among younger students.

Lessons learned from value-added research are that teacher effects are 
important and cumulative, and vary according to student type. However, 
there is still not enough evidence to support a precise estimation of teach-
er and school effects; shortcomings of statistical models are also another 
source of bias that must be taken into account. Another important critique 
comes from Raudenbush’s work (2004), which questions the initial objec-
tive the models are trying to measure. While teachers and schools intend 

2 Prospects refers to a large scale survey applied in the early 90’s in a large sample of ele-
mentary schools in the United States.

3 Reliable variance is defined as combined variance of random school and individual slopes, 
with the addition of variance in teacher effects.
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to be used as treatments, there is no clear definition of what is intended to 
be used as a control. Raundenbush’s critiques call for a clearer definition 
of the vam in terms of a counterfactual model, which is an important chal-
lenge for future research. This challenge demands an extension of these 
models beyond the United States context, in particular to developing 
countries where many policy experiments remain unexplored.

For Mexico there are several studies attempting to measure the level of 
variance explained by the locality, teacher, school and individual charac-
teristics. Those studies use different models and methods to identify deter-
minants on student achievement using different tests to measure outcome. 
The first documented study was carried by Schmelkes (1997) in the south-
ern state of Puebla to measure educational quality in 16 schools in distinct 
regions with varying characteristics. The research uses a test developed 
especially for the study, and finds a strong relationship between cognitive 
achievement and socioeconomic context. Recent studies take advantage of 
standardized tests applied at a more extended level. For example, Álvarez 
et al. (2007) use pisa 2003 results to identify state-level variations of ac-
countability, the influence of teacher unions, and conflicts between the 
union and the state. Using a fixed-effects approach, they find that the pres-
ence of accountability systems at the school level has a strong and signifi-
cant outcome on student achievement. At the same time, a medium level of 
influence has a negative effect, while a low level of conflict has a positive 
effect on student outcomes. The main problem with those results is that 
their definitions of institutional frameworks might hide within state vari-
ations. In addition, they might not be controlling for errors associated with 
the nested nature of the education production function.

Other studies use tests administered by national authorities to mea-
sure student outcomes. Backhoff et al. (2007) use Excale 20054 and a Hi-
erarchical Linear Model (hlm) to identify the determinants of variance in 
scores. They find that differences among students explain around 66 per 
cent of the variance in Spanish scores, while differences across schools 
explain around 34 per cent. For mathematics scores, the percentages are 
76 (student) and 24 (schools). De la Vega (2010) also uses Excale 2005 re-
sults and a hlm model but with a different set of explanatory variables 
that take into account state differences. Results confirm that student dif-

4 Exámenes de la calidad y el logro educativo is a standardized test administered to a 
sample of students in 6th grade of primary school and 3rd grade of secondary school by the 
Instituto Nacional para la Evaluación de la Educación, an agency that collects educatio-
nal data.
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ferences have a bigger role in explaining score variances (86%) than 
school (13%) or state differences (0.32%). Another set of studies work 
with census data produced by the Ministry of Education with the Enlace 
test. Valenti et al. (2009) use Enlace 2008 and its contextual question-
naires to specify an hlm model for 3rd to 6th grade students in primary 
school, finding that family capital has the largest influence on student 
achievement. Somewhat different results are found by De Hoyos et al. 
(2012) which use Enlace 2008 at the high school level. Using a discrimi-
nant analysis model, they find that family resources are the factor that 
has the lowest explanatory power on student achievement, while student 
characteristics show the largest effect, followed by school resources. Au-
thors attribute the atypical results to the fact that family characteristics 
might have less influence at the high school level than at earlier stages. 
Brodziak (2009) uses pisa 2003 and Enlace 2005 results to determine the 
relationship of individual and contextual socioeconomic characteristics 
with achievement. She finds that initial conditions are important to de-
termine student achievement and that this relationship varies across 
states. Additionally, she runs a regression discontinuity to conclude that 
more years of schooling are related to higher achievement. Regardless of 
the different quality of models and data used by the studies described 
above, all of them suffer the major shortcoming of considering only one 
point in time.

A smaller set of research uses several time periods. Those specifica-
tions recognize the selection bias that exists in the school selection pro-
cess. Among those studies, Santibáñez (2006) studies teacher effects on 
student achievement using data from Carrera Magisterial in Mexico City 
from 1996 to 2000.5 The author finds that teacher scores have a positive 
—though small— effect on student achievement. Luschei (2012) also 
uses Carrera Magisterial data but for the states of Sonora and Aguasca-
lientes. This study finds that teacher scores or training evaluations are 
positively correlated with student achievement, while education levels 
and experience are not. A major limitation of those studies is that stu-
dent scores are measured with tests of doubtful quality and that there is 
no evidence that peer review instruments are reliable (Santibáñez et al., 
2006). A study that uses a different data to implement a value-added 
model shows how students from academic high schools have larger gains 

5 Carrera Magisterial is a program that rewards teachers based on credentials, seniority 
and test results.
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than students from vocational high schools (Rubio and Farías, 2013). Al-
though this study reduces selection bias by using propensity score 
matching, it only uses data for schools in Mexico City, thus reducing its 
external validity. 

In sum, existing analyses of student achievement in Mexico are limited 
because they either use data from one point in time without controlling 
for prior performance, or because they are restricted to a particular loca-
tion. This paper attempts to fill this gap in the literature using data from 
several years at the national level. It also looks to refocus attention on 
achievement changes and to set some precedent for future analysis of the 
Mexican educational system that could implement more robust value-
added models (vam). The next section offers more arguments and motiva-
tions for studying student achievement across time and developing the 
methodological framework.

II. Data and Empirical Strategy

The question this paper addresses is: What are the school characteristics 
that affect student performance change in Mexican schools? Given the 
recent efforts implemented by the federal government to increase educa-
tional quality in Mexico such as the Alianza por la Calidad de la Edu-
cación in 20086 and the Pacto por México in 2012,7 it is relevant to under-
stand which school characteristics are associated with change in student 
performance. From a policy perspective, having better information of 
which factors have a larger role would contribute to a better allocation 
of public monies and to improving the planning of educational policies in 
Mexico. To provide a guidance of these policies, this paper focuses on char-
acteristics related to teaching practices.

The hypothesis of this paper is that school characteristics have an im-
pact on student growth. These characteristics include the quality of the 
infrastructure, the quality of their materials, their teaching practices, 
and the internal and external environment. Additionally, a set of vari-

6 The agreement was signed on May 15, 2008 by the Ministry of Education and the tea-
chers’ union, with the objective of  “transform[ing] the educational model through public poli-
cies that enhance quality and equity in education” (Amador, 2009, p. 1).

7 This large scope pact among political forces was promoted by the entering administration 
of Enrique Peña Nieto. The chapter on education sets different reform objectives to enhance 
educational quality, such as school autonomy, increasing school hours and improving teachers’ 
formation, among others (Presidencia, 2013).
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ables measuring dropout cases is implemented as a proxy for socioeco-
nomic level. The main assumption of the vam is that if family resources 
are stable across time and are captured by the initial score, then the 
change in achievement is due to school or teacher characteristics (Braun 
et al., 2010). The final objective of these models is to control for selection 
bias and claim a causal link between schools, teachers and student 
achievement. The source of this bias is that student characteristics, family 
and school resources are not randomly distributed, nor is the assignment 
of students to certain teachers. For this reason, there is a high correla-
tion between these elements and the initial score of the student. Then, 
just measuring the score at one point in time also captures elements that 
are not related to schools and teachers. The specification of vam depends 
largely on the assumptions, the research question and the available 
data. The present research uses the approach of score gains at the intra-
cohort level. Gain score models, as part of the vam family, are used in the 
literature to explore teacher effects by Rivkin et al. (2005) and Wright 
et al. (1997).

Table 1 reports Pearson correlations between elements that could be a 
source of bias with initial and final scores of the cohort. Here we observe 
that if a school is located in a poor municipality, its score will be lower. 
Primary indigenous schools and vocational schools also have a low corre-
lation between initial and final achievement. On the contrary, correla-
tions with score gains are close to zero. Additionally, figure 1 shows that 
student achievement is highly related to the marginality level of the mu-
nicipality, with a difference of about 20 percentile points between schools 
in richer municipalities and those in poorer municipalities. These results 
illustrate how using score levels instead of changes in scores could lead to 
biased conclusions, since the effect of schools and teachers is confounded 
with family, peer and community effects. However, another possible con-
clusion from figure 1 is that changes in scores can also be correlated with 
other variables, since the cohorts in poorer municipalities are presenting 
a larger reduction in their relative score than cohorts in other munici-
palities.

Since for the Mexican case it is not possible to link students with indi-
vidual teachers or track students through time, to overcome this limita-
tion this paper uses intra-cohort gains using Enlace information from stu-
dents who were in 3rd grade in 2007 and 6th grade in 2010 for primary 
school, and those who were in 7th grade in 2008 and 9th grade in 2010 for 
secondary schools. The main assumption of this technique is that it com-
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Table 1. Pearson correlation of school average test scores and gains with 
school characteristics related to selection bias

Primary schools

3rd grade scores
in 2007

6th grade scores
in 2010

Score gains 
2007-2010

Locality marginality level -0.369 *** -0.332 *** 0.054 ***

Precinct marginality index -0.352 *** -0.319 *** 0.049 ***

Regular primary school 0.188 *** 0.166 *** -0.032 ***

Indigenous primary school -0.188 *** -0.166 *** 0.032 ***

Public primary school -0.261 *** -0.186 *** 0.085 ***

Rural primary school -0.342 *** -0.307 *** 0.050 ***

Secondary schools

7th grade scores
in 2007

9th grade scores
in 2010

Score gains 
2007-2010

Locality marginality level -0.1564 *** -0.070 *** 0.112 ***

Precinct marginality index -0.191 *** -0.114 *** 0.108 ***

Regular secondary school 0.1422 *** 0.054 *** -0.111 ***

Vocational secondary school -0.0254 *** -0.043 *** -0.013 

Telesecundaria -0.1171 *** -0.023 *** 0.114 ***

Public secondary school -0.2568 *** -0.165 *** 0.134 ***

Rural secondary school -0.1134 *** -0.030 *** 0.102 ***
Source: Author’s own elaboration with data from sep, Conapo, ife and inegi. Note: Correlations are calcu-
lated with math nce scores. ***p<0.001, **p<0.005,  *p<0.1.

pares the same group of students after they experienced educational prog-
ress in the same school. The obvious shortcomings of this assumption are 
that some of these students could have changed or dropped out of school.8 
To better understand the role of schools in the variation of student 
achievement, we could use information from multiple cohorts to identify 
sources of variation. In this case, I included information of students that 
were in 3rd grade in 2008 and 5th grade in 2010, and those who were in 3rd 

8 In Mexico, drop-out rates at the primary level for the school year 2008-2009 were 1.1 per 
cent, while repetition rates were 3.8 per cent, compared with 6.8 and 7.5 per cent for the secon-
dary level (sep, 2010). For this reason, it is possible to assume that measuring cohorts at the 
primary level (from 3rd to 6th grade) provides a fair comparison of the same group of students. 
For the same reasons, results for the secondary level should be taken more cautiously. 
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grade in 2009 and 4th grade in 2010; for an additional cohort in secondary 
schools I included those students that were in 7th grade in 2009. Although 
these cohorts have expended less time in school, they also have had less 
opportunities to dropout or change schools. Table 2 shows the cohorts 
studied in this paper. Here, it is important to consider that in Mexico pri-
mary education comprises from 1st to 6th grade, when students are be-
tween 6 and 12 years old, and secondary education comprises from 7th to 
9th grade, when students are between 12 and 15 years old. 

The main data source used in this research are the Enlace scores for 
Math and Spanish. This standardized test has been applied to all Mexican 
schools at basic level in 2006 and to schools at high school level since 2008. 
Students take the Enlace in grades 3, 4, 5, and 6 for the primary level, and 
grades 7, 8 and 9 at the secondary level. The objective of this test is not to 
provide a vertical comparison of student progression in different grades, 
but to establish a score within each year. For this reason, in order to com-
pare the scores from two different years and two different grades the 

Figure 1. Math nce score progression for the same cohort by level
of marginality of the municipality, 2007-2010

30 
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Source: Author’s own elaboration with data from Enlace grade 3, 2007; Enlace grade 4, 2008; Enlace 
grade 5, 2009 and Enlace grade 6, 2010, from the Ministry of Education (sep). Raw scores were transfor-
med for each year to their nce to be comparable year to year.
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scores were transformed here using a Normal Curve Equivalent (nce). 
This transformation implies:

ncei = zscore (Enlacei) * 21.06 + 50

Where:
                                                                                                 

zscore (Enlacei) = (Enlacei – Enlace) / (sd(Enlace))

The use of nce scores is highly extended in education because it allows the 
comparison of relative positions within the same cohort at different points 
in time rather than just its absolute position (Harris, 2010). The advan-
tage of a nce over a z-score is that it can be interpreted similarly to percen-
tile ranks.

The other source of information used in this paper are the contextual 
questionnaires applied with the Enlace test to all school principals. These 
questionnaires consist of 134 items about different aspects of the school, 
from basic infrastructure to teaching practices and internal environment. 
Some of these characteristics are presented in table 3. Here it is possible 
to observe the disparities between the two types of primary schools: indig-
enous and other primary schools. The first group caters to the indigenous 
population, who are generally bilingual and concentrated in remote rural 
communities. In 2010 only 46 per cent of these schools reported having 
running water, whereas 79 per cent of all other schools did. Although sec-
ondary schools are generally better equipped, these disparities can also be 

Table 2. Cohorts included in the analysis

2010 2009 2008 2007

Primary

6th 5th 4th 3rd

5th 4th 3rd

4th 3rd

Secondary 

9th 8th 7th 

8th 8th 
Source: Author’s own elaboration. Note: The shaded grades are the ones included in the analysis for each 
cohort. The years in the first row are those in which the cohort completed the Enlace test.
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Table 3. Descriptive statistics
Primary
(regular)

Indigenous
primary

Secondary
(regular)

Vocational
secondary

Telese-
cundaria

Number of students
Mean Enlace nce math 
score 2010 

53.0 42.2 53.4 50.2 51.7

Mean Enlace nce math 
score 2007 

52.4 39.5 54.5 49.1 48.2

Intra-cohort gains in nce 
math scores

0.6 2.7 -1.1 1.1 3.5

Mean cohort size 2010 24.0 9.2 73.9 119.5 19.1
Mean school size 2010 106.0 44.0 271.2 370.1 63.8

Basic infrastructure (%)
Running water 79 46 97 92 71
Toilets 61 16 92 82 37
Electricity 93 79 99 98 94
AC 16 3 30 30 8
Garbarge collection 61 19 92 80 37
Cleaning services 69 39 94 90 45
Satellite signal 35 19 34 43 77
Internet 42 12 84 76 12
Phone 39 6 90 82 15
School transportation 6 1 18 17 2
Dining hall 14 10 20 18 4

Educational materials (%)
Computers for
students

16 5 45 23 11

Computers for 
administrative
activities

42 14 73 59 43

Electronic blackboard 40 21 18 13 5
Media equipment 30 12 54 38 28
Laboratory equipment 3 0 49 37 10
Furniture for students 67 59 70 56 63

Teacher characteristics (%)
Teachers arrive on time 72 75 37 26 78
Teachers attend
classes 

90 88 58 45 91
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Primary
(regular)

Indigenous
primary

Secondary
(regular)

Vocational
secondary

Telese-
cundaria

Teachers fulfill class 
schedule

90 90 67 57 90

Teachers interrupt classes 
for non academic
reasons

16 22 23 31 18

Teachers have control of 
their group

15 13 61 55 87

Teachers present low 
performance

18 20 34 44 15

Teachers don’t have 
enough knowledge of new 
technologies

34 36 45 56 32

Teachers refuse 
professional
development

20 19 37 46 16

Teachers disregard 
curriculum

9 12 18 23 7

Evaluation (%)
Evaluation of teachers’ 
attendance

93 91 86 82 82

Evaluation of teachers’ 
punctuality

93 92 84 80 79

Evaluation of content 
domains

73 76 48 39 35

Evaluation of class 
planning

91 88 70 63 59

Evaluation of student 
achievement

87 83 66 61 57

Dropout causes (%)
Low student performance 
is dropout cause

19 27 49 56 28

Lack of parental support 
is a dropout cause

54 62 65 76 62

Health problems are a 
dropout cause

28 37 35 38 19

Economic problems are a 
dropout cause

47 57 66 68 55

Table 3. Descriptive statistics (Cont.)
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Primary
(regular)

Indigenous
primary

Secondary
(regular)

Vocational
secondary

Telese-
cundaria

Migration is a dropout 
cause

67 54 65 73 59

Adictions are a dropout 
cause 

5 10 16 18 7

Pregnancy is a dropout 
cause

4 8 18 25 13

Safety in the school 
surroundings is a dropout 
cause

6 11 13 18 5

Internal environment (%)
Bullying in the school 47 33 52 61 31
Students disrespect 
teachers

6 5 9 11 13

Students steal inside the 
school

16 11 38 47 13

Students fight inside the 
school

22 10 39 51 15

Students bring weapons 
to the school

1 1 3 3 1

Students use alcoholic 
beverages

0 1 6 11 3

Students use drugs 0 1 5 7 2
External environment (%)

Lack of street lights 56 71 42 58 69
Use of drugs in the school 
surroundings

25 7 34 40 80

Robbery/assault in the 
school surroundings

23 9 37 37 86

Gang activity in the school 
surroundings

23 7 40 45 83

N 73 572 6 968 9 889 3 965 15 834
Source: Author’s own elaboration with data from contextual questionnaires for Enlace 2010, from the 
Ministry of Education (sep). Note: For basic infrastructure, educational materials and dropout indexes 
the percentages represent the number of schools that answered “Yes”. Teachers, internal environment 
and external indexes environment percentages represent the number of schools that answered “Some 
times”, “Almost always” and “Always”. For the evaluation index, the percentage represents the number 
of schools that answered “Almost always” and “Always”. N represents the maximum number of observa-
tions for each category.

Table 3. Descriptive statistics (Cont.)
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observed among vocational secondary schools, Telesecundarias and aca-
demic secondary schools.9 

A concern is which of these variables should be included as a control for 
school characteristics, particularly because there is a large correlation 
among them. Including too many self-correlated variables could be a prob-
lem for multicolinearity in the model. The approach used in this paper is 
the construction of different indexes using factor analysis and an estima-
tion of a new variable based on varimax rotated factors. Variables used for 
each index are grouped in table 3. These variables include the quality of 
infrastructure; the educational materials; some teacher characteristics 
and practices; the causes of student dropout, which can be used as a proxy 
of the socioeconomic level of the students; and the internal and external 
environment. Table 4 shows the correlation among these indexes, which is 
low enough to avoid multicolinearity problems. 

Figure 2 shows the k-density of the indexes for schools in municipali-
ties with very low and very high levels of vulnerability, according to the 
Consejo Nacional de Población (Conapo) definition.10 These charts show 
how part of the basic infrastructure index is highly dependent on the mar-
ginality level of the municipality. However, this relation seems to be weak-
er for the other indexes. This could have two interpretations: 1) that some 
characteristics are more homogeneously distributed across schools, and 2) 
that the variation of these characteristics within municipalities is high. 
Since the main objective of this research is to identify particular charac-
teristics of schools impacting score gains, the two indexes analyzing teach-
ing practices are deconstructed and integrated in the analysis as explana-
tory variables. The selection of the variables maintained in the regression 
is based on the factor loadings and its uniqueness obtained in the factor 
analysis. In this sense, these variables are relevant to each dimension 
studied without incurring in an over specification of the model. 

To identify the relationship between intra-cohort gains and school 
characteristics, this analysis employs a school production function (Ha-
nushek, 2007). The dependent variable is the score gains of the same 
group of students from the first year they take the test to 2010. This can 

9 Vocational secondary schools are focused on providing technical skills. Telesecundaria is 
a system of distance education via satellite.

10 Conapo builds a marginality index based on dimensions of education, household charac-
teristics, locality characteristics and income. The index divides municipalities and localities in 
five categories: very low marginality, low marginality, medium marginality, high marginality 
and very high marginality. 
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Figure 2. K-densities of indexes according to vulnerability level
of the municipality 
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be defined as the difference of average nce scores of the cohort in year t 
and grade x, and their average nce scores in 3rd grade in year t-1:
                                                                                                                                   

G = (nce score in Grade X )t – (nce score in 3rd Grade)t – 1

This difference is calculated separately for the two subjects of the test. 
The model implemented here estimates score changes controlling for the 
initial score of the cohort and school characteristics:

      Gi, l = a i, l + μ nce score 3rd grade i, l + b Xi, l + λ Zi, l + δ Mi + γ l + ε i, l         (1)

Where for each school i in locality l: X represents the vector of the indexes 
of school characteristics. Z represents a vector of other school characteris-
tics such as if the school is public, the size of the school, if the schools im-
part classes in the morning, the type of school, and the change in cohort 
size. Controlling for change in the cohort’s size is relevant because of the 
possibility that some students change schools or repeat grades. M repre-
sents the marginality level of the municipality according to Conapo, and γ l, t 
is a term for fixed effects for the locality where the school is located. This 
fixed effect term controls for observable and unobservable time-invariant 
characteristics of each of the more than 48 000 localities in the country. 
The inclusion of this term allows the reduction of some endogeneity, such as 
different educational preferences at the locality level. The right-hand side 
of the equation includes the initial score in 3rd grade to estimate the impact of 
school characteristics while prior student achievement is maintained con-
stant.11 Given that some schools have two cohorts during the same school 
year (one attending during the morning and one during the afternoon), to 
avoid the artificial inflation of the standard errors they are clustered at 
the school level.

A second version of the model includes other cohorts in the same 
school that were in 3rd grade in different years. Including those cohorts 
not only allows having more observations, it also increases the chances 
that the students measured within the cohort are the same during the 
two years. Thus, model 2 introduces a fixed effect for each cohort c, that is 

11 Here, it is important to notice that this model is equivalent to:
ncei,l = a i,l + nce score 3rd gradei, l * (μ + 1) + b Xi, l + λ Zi, l + δ Mi + γ l + εi, l

In other words, the score of the student in the current year is controlled by a weighted effect of the 
initial score. The assumption here is that what students bring to the classroom in terms of 
achievement has a strong effect on final achievement.

–

–
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4th, 5th  or 6th, the grade in which students were in 2010. This term is ex-
pressed as θc

   Gc, i, l = a c, i, l + μ nce 3rd grade c, i, l + b Xi, l + λ Zi, l + δ Mi + θc + γ l + ε c, i, l        (2)

Finally, a third version of the model introduces, individually, the variables 
of the evaluation index and the teacher characteristic index (t Wi). Then, 
the rest of the indexes are maintained as a control. This model allows 
identifying particular elements that could be relevant for policy analysis, 
since the coefficients for the indexes could be difficult to interpret and to 
provide enough insight for policy implementations.

Gc, i, l = a c, i, l + μ nce 3rd grade c, i, l + b Xi, l + λ Zi, l + δ Mi + t Wi, l + θc + γ l + ε i    (3)

• Controlling for neighborhood characteristics using spatial techniques 
and hlm models

One of the potential critiques of the former models is that there could be 
some omitted variables that might be correlated with the school charac-
teristics and the student outcomes. As the vam imply, obvious candidates 
for omitting variables are the characteristics related to the immediate 
surroundings of the school. In order to identify those characteristics, this 
paper uses a project implemented by ife and inegi during the national 
census of 2010. This project creates a national cartography of the census 
at electoral precinct. The country is divided in more than 66 000 of these 
units with an average of 2 179 inhabitants. Map 1 shows a map of the 
country with information on the marginality of each of its precincts. Fol-
lowing Díaz-Cayeros et al. (2012) this marginality uses the same vari-
ables and techniques employed by the Consejo Nacional de Evaluación de 
la Política de Desarrollo Social (Coneval) to create the marginality index 
at municipality level (Coneval, 2007). However, using data at this smaller 
geographical level takes into account the variation within each municipal-
ity, thus providing more accurate information about school surroundings.  

Using the latitude and longitude of each school it is possible to link its 
location with their corresponding precinct.12  This provides a way to con-
trol for variables in the neighborhood of the school. Figure 3 shows an ex-
ample of how schools located in the Tarahumara region of Chihuahua are 

12 This spatial joint was performed using Arcgis.

–

–
’
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linked to their precincts. In this case, it is possible to detect how aggrega-
tion at municipal level might mask some important local variation. In the 
case of the urban areas, this granularity can even provide information at 
the neighborhood level. 

Given that schools are nested in neighborhoods/precincts, it is possible 
to create a Multilevel or Hierarchical Linear Model (hlm) in order to allow 
for random intercepts and random slopes for effects at each level. The key 
element of hlm is that these random deviations are different from those 
associated with the overall error term (Raudenbush and Bryk, 2002). 
These models provide the standard deviation of the estimate across differ-
ent clusters, and are useful to understand the heterogeneous effect of each 
level specified. The two level model for each cohort c in school i nested in 
precinct p is as follows:

         Gc, i, p = a p + μ nce 3rd grade c, i, p + b Xi, p + λ Zi, p + θc + ξ p Qp + ε i, p              (4)

Where:

a p = a 0 + up

ξ p = ξ 0 + vp

Here, Qp is a vector of precinct/neighborhood level characteristics; a p re-
fers to the intercept in precinct p; a 0 refers to the overall intercept, or the 
grand mean of the outcome variable across all neighborhoods when all 
predictors are equal to zero; up refers to a random error component for the 
deviation of the intercept of a precinct to the overall intercept. The term ξ p 
refers to the slope in precinct p for the relationship between precinct vari-
ables and outcome score; ξ 0 is the overall regression coefficient, and vp re-
fers to the error component of the slope. The assumption for the covari-
ance is that it is unstructured.

III. Results

Results from the ols model for primary schools (table 5) show that schools 
with higher initial scores have lower intra-cohort gains. This simply im-
plies that schools with lower initial achievement have more room for im-
provement, and that increasing scores that are already high is a difficult 
task. Most of the indexes included in the analysis are significant and pres-
ent the expected sign —that is, better basic infrastructure, educational 

–
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materials, teaching practices and evaluation techniques are correlated 
with larger gains. As the causes of dropout increase, it is also more likely 
that score gains are lower. Since the desertion index is mostly explained by 
economic constraints, this can be interpreted as an effect of family income. 
That is, the lower the average income of the school, the lower the score 
gains. Indexes of internal and external environment are not significant, 
which could mean that the effects of elements such as internal conflict in 
the school, crime and gang activity are already absorbed by the locality 
fixed effects. Public and indigenous schools have much lower score gains 
than private or non-indigenous schools. Cohorts that attended classes in 
the morning present larger score gains in Spanish than cohorts that at-
tend classes in the afternoon or during the night; this result is non-signifi-
cant for math scores. Separating the individual variables for teacher char-
acteristics and evaluation practices, it is possible to observe that the 
significant variables that explain score gains are: teachers arriving on 
time, evaluation of teachers’ content domain, and evaluation of student 
performance. The inclusion of additional cohorts does not change the re-
sults as can be observed comparing columns 1 and 5 (which only include 
the cohort that was in 3rd grade in 2007) with the other columns.13

Results for secondary schools show a weaker effect of school infrastruc-
ture, school materials or teaching practices (table 6). The only effect that 
persists is the dropout index, which implies that elements related to eco-
nomic constraints of the students have a larger effect for this educational 
level than school characteristics. Once again, public schools have smaller 
cohort gains than private schools. Vocational schools present slightly 
smaller gains than academic schools; this parameter also has a low sig-
nificance. Interestingly, Telesecundaria schools have larger score gains 

13 An important concern is the amount of missing values. Whereas there are about 80 000 
primary schools, due to list-wise deletion the regressions only report results for around 60 000 
of them. As such, 25 per cent of the observations are missing. Results are also reported for 
around 24 000 of the almost 30 000 secondary schools. This could be problematic if some schools 
are not answering the questionnaires in a systematic manner, such as poorer schools, having a 
larger amount of missing values than other schools. To test this concern, first it is important to 
observe the number of observations for each variable. As observed in table 9, this number does 
not vary drastically among them. In this case, it is possible to infer that the amount of missing 
observations in the final regression is due to random combinations of observations with mis-
sing variables. To provide further evidence on this concern, the same table shows the t-test of 
the means differences by two groups of marginality. This analysis shows how, although there 
are some significant differences between groups regarding missing data, the percentage of 
missing observations is still much lower than the 25 per cent of the whole sample. This means 
that, although there is a difference in patterns of missing data, it is likely that the difference 
between the initial and final samples is driven by random combinations (table 9).
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Table 6. Estimates for score gains in secondary schools with locality 
fixed effects

Mathematics

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

nce score in initial 
grade

-0.421
(0.0267)

*** -0.527
(0.0130)

*** -0.529
(0.0130)

*** -0.527
(0.0129)

***

Basic infrastructure 
index

1.583
(2.231)

1.630
(1.438)

1.671
(1.412)

1.805
(1.410)

Educational 
materials index

0.513
(0.786)

0.987
(0.502)

* 1.030
(0.499)

* 0.897
(0.494)

Teachers index -0.0469
(1.755)

1.666
(1.063)

1.570
(1.043)

Evaluation index 1.675
(1.384)

1.295
(0.834)

1.272
(0.829)

Droput index -0.876
(1.094)

-2.282
(0.727)

** -2.245
(0.720)

** -2.256
(0.722)

**

Internal 
environment index

-2.518
(2.063)

-2.074
(1.304)

-2.056
(1.307)

-2.114
(1.302)

External 
enviornment index

0.879
(1.015)

0.469
(0.668)

0.443
(0.662)

0.373
(0.666)

Public school -2.956
(0.952)

** -7.843
(0.596)

*** -7.629
(0.590)

*** -7.732
(0.585)

***

School size 0.00614
(0.00130)

*** 0.00915
(0.000840)

*** 0.00921
(0.000837)

*** 0.00919
(0.000830)

***

Morning schedule -0.418
(0.458)

-0.0700
(0.282)

-0.112
(0.280)

-0.0727
(0.277)

Vocational school -0.370
(0.545)

-0.706
(0.349)

* -0.687
(0.348)

* -0.776
(0.346)

*

Telesecundaria 3.013
(0.896)

*** 4.347
(0.543)

*** 3.944
(0.546)

*** 4.324
(0.538)

***

Change of cohort’s 
size

0.0940
(0.0131)

*** 0.0728
(0.00847)

*** 0.0724
(0.00842)

*** 0.0702
(0.00803)

***

Vulnerability index 
of municipality 

0.283
(0.322)

0.518
(0.244)

* 0.547
(0.242)

* 0.533
(0.243)

*

Grade 8th in 2010 -1.570
(0.120)

*** -1.563
(0.120)

*** -1.580
(0.119)

***
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Mathematics

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

Teacher variables 

Teachers arrive late
to classes

-0.630
(0.266)

*

Teachers don’t
attend classes 

-0.248
(0.230)

Teachers don’t
complete time
scheduled to class

0.0916
(0.208)

Teachers don’t
control of their group

0.0662
(0.213)

Teachers refuse
profesional
development

0.0288
(0.161)

Teachers disregard 
curriculum 

-0.136
(0.201)

Evaluation variables 

Evaluation of content
domain

0.209
(0.187)

Evaluation of class
planning

-0.161
(0.228)

Evaluation of student
achievement 

-0.0822
(0.209)

N 24 381 48 441 48 878 48 992
Source: Author’s own elaboration with data from Enlace grade 3 2006; Enlace grade 6 2009; and con-
textual questionnaires for Enlace 2010 from the Ministry of Education (sep). Note: ols model with fixed 
effects at locality level and standard errrors clustered at school level. ***p<0.001, **p<0.005, *p<0.1.

Table 6. Estimates for score gains in secondary schools with locality 
fixed effects (Cont.)
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than regular schools. This could be explained because students in this 
distance learning system could be more self-motivated, since this educa-
tional system requires that they develop most of the school work on their 
own. The only variable that stays significant once the indexes are disag-
gregated is teachers’ punctuality to their classes.14

Table 7 shows the results for the hlm model using scores for mathemat-
ics in primary and secondary schools. Overall, these models corroborate 
the results from the ols model. However, the educational materials index 
becomes non-significant, whereas the internal and external environment 
indexes become significant. The interpretation of these coefficients is com-
plicated because they have the opposite expected sign, except for the in-
ternal environment index for secondary schools. Once the teachers and 
evaluation indexes are disaggregated, there is now a negative and signifi-
cant effect of teachers not attending their classes and not having behavior 
management of their group. The disaggregation of the evaluation index 
shows the positive effect of different types of evaluation on score improve-
ments. The coefficient for marginality level of the precinct shows how this 
variable has a strong effect for primary schools, but not for secondary 
schools. Moreover, since this parameter was calculated with a random ef-
fect, it is possible to observe its large standard deviation. This means that 
for some schools the direct effect of neighborhood marginality can reduce 
student increases by 6 nce points, whereas in other places this effect could 
be as large as 25 points.

IV. Discussion

The findings of the present research are the first approach to understand-
ing the elements that explain student achievement growth in Mexico us-
ing nation-wide data. The main question of this research focuses on school 
characteristics. The results show how elements such as school infrastruc-
ture and educational materials still play an important role in the changes 
of student scores, even after controlling for initial achievement. Structural 
characteristics of the school, such as whether it is public or private, also 
play a role in student performance. The impact of the marginality level of 
the community is differentiated for primary and secondary schools. Both 
the ols and the hlm models show how primary school students are nega-

14 For simplicity only Math scores for secondary schools are reported. Results for Spanish 
scores do not vary significantly.
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tively affected by the condition of their surroundings; although there is no 
evidence of such an impact for secondary students. That means that ini-
tial conditions of the surroundings might play a larger role during the 
first years of education. The variable capturing the effect of family socio-
economic conditions is, however, significant for primary and secondary 
levels, with a larger role in earlier years. Moreover, the hlm model also 
shows a large variation of the effect of neighborhood poverty level on pri-
mary school students. This result is relevant because it implies that 
schools might play an important role in overcoming adverse initial condi-
tions. That is, a student from a poor neighborhood could have a less nega-
tive effect if she attends an adequate school. However, the opposite could 
also be true: a student in a neighborhood with low marginality could have 
a negative effect due to a relatively bad school.

The results of the individual variables studied here show that teach-
ers’ punctuality and attendance have a positive effect on score gains. This 
result is also consistent with previous research that shows that Mexican 
students benefit from more school time (Aguero and Beleche, 2013). Al-
though the majority of schools reported that teachers arrived on time or 
attended their classes, in 2010 about 27 per cent of primary schools re-
ported teachers arriving late to classes was a problem and around 10 per 
cent of schools reported teachers not attending their classes was a prob-
lem. For secondary schools these figures are higher, with about 40 per 
cent of schools reporting teachers arriving late and 25 per cent reporting 
an attendance problem. These figures open the discussion for further 
analysis on the behavior of teachers in Mexico. It is important to disen-
tangle whether teachers lack the motivation to attend their classes and 
arrive on time, or if the problem is related to transportation or other fac-
tors, such as teachers working more than one shift in separate locations. 
The different causes of this basic failure of teachers to provide a complete 
schedule could have very different policy implications. If it is a problem of 
motivation, then incentive programs to arrive on time or attend classes 
could be implemented. If it is a transportation problem, then the alterna-
tive could be a better scheme to locate teachers in schools closer to where 
they live.

Analyzing teacher punctuality and attendance across levels of margin-
ality, urban/rural locations and school levels could be helpful to have a 
better understanding of the associated factors to these problems. Table 8 
shows the proportion of schools that reported punctuality and/or atten-
dance as a problem according to different marginality definitions and 
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their location.15 In general, these problems have a larger presence in sec-
ondary schools as compared with primary schools. Urban schools also 
have larger rates of teacher absence and unpunctuality as compared to 
rural schools. As expected, these problems are more persistent in pri-
mary schools in poorer areas; however, the opposite happens for second-
ary schools. Although these results should be considered as preliminary, 
they might be pointing that remoteness of the school is not necessarily the 
cause of teacher absence and unpunctuality; there might be other factors 
related to urban mobility, teacher motivation or work overload. In particu-
lar, for secondary schools an incentive scheme could be considered, given 
that motivation might explain that teachers in urban schools with low 
marginality have higher rates of absence and unpunctuality. Evidence 
about monetary incentives to teachers shows that although these in-
struments might be problematic when the goal is to increase student 
achievement (Ladd and Walsh, 2002; Springer et al., 2010; Goodman and 
Turner, 2010; Fryer, 2011), they show to be more useful when used to pro-
mote simpler and more measureable goals, such as teacher attendance 
(Duflo et al., 2012). In general, a deeper understanding of these problems 
is crucial to propose and design appropriate policies. Large scale surveys to 
teachers and qualitative analysis about their dynamics to arrive to the 
school should certainly be part of the educational reform agenda.

Evaluation related variables also have a positive impact on score 
gains. Schools that report a frequent evaluation of content domain or class 
planning have a positive impact on student achievement. These results 
are consistent with the work of Luschei (2012) on Carrera Magisteral, in 
which he finds that training evaluations have a positive correlation with 
student achievement in Aguascalientes and Sonora. The present research 
has the same limitation as Luschei’s in regard that it is not possible to test 
if content domain per se or class planning have a positive effect, although 
it is possible to argue that evaluation of these fields captures something 
related to teachers which has an impact on student outcomes. Another 
variable with a positive relationship to score gains is evaluation of stu-
dents. In this sense, providing a satisfactory scheme for evaluation of stu-
dents constantly and communicating such results to the parents in a sim-
ple and efficient manner might be a good method to increase score gains. 

15 High marginality refers to schools within localities with a very high, high or medium 
marginality level as defined by Conapo. Low marginality refers to localities with a low or very 
low marginality level. 
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Authorities could provide training to teachers and school administrators, 
as well as a mechanism to generate such evaluations.

The infrastructure problem of Mexican schools described here also 
points out the necessity to invest resources into bringing better facilities 
and services, since many schools might be operating in their production 
frontier with their available resources (Ruggiero, 1996). Here, evidence 
from countries where parents get involved in budget implementation 
could be useful. For example, a program that provides information for par-
ents about non-wage expenditures in Uganda (Reinikka and Svensson, 
2005) shows a positive impact on enrollment and learning, and a reduc-
tion in corruption. Similar steps can be implemented in Mexico taking 
advantage of a recently implemented program to institute school councils 
in primary schools.16

In this research there are some important caveats that should be tak-
en into account. First, results here do not claim causality; although strat-
egies implemented to reduce selection bias under a limited information 
context might provide some clues as to which school characteristics im-
pact intra-cohort gains, selection bias might not be completely reduced. 
In particular, some cream-skimming processes could be assigning better 
students to better schools or to better teachers within the school. An im-
portant limitation is that only school-level characteristics are included in 
this analysis, and that these characteristics come from contextual ques-
tionnaires responded by school principals, so answers could be subject to 
opinion. For example, the definition of “adequate” for any of the items 
could vary from principal to principal and from region to region. Addi-
tionally, a strong assumption from the definition of intra-cohort gains is 
that dropout and repetition rates for Mexican primary schools are homo-
geneously distributed across schools. Those variables could differ in, for 
example, places with high migration or places recently affected by drug-
related violence. 

An important shortcoming of the present research is related to the lim-
itations of vam. Those limitations depend on the variation of school perfor-
mance across grades and time, the amount of resources that do not de-
pend on the school and statistical errors (Koretz, 2002; Harris, 2011). vam 
are also highly sensitive to measurement and sampling errors. While 
sampling errors are not an issue as long as we work with a census data set 

16 The rules of the Consejos escolares de participación social were published on August 
2010. 
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such as Enlace, measurement errors should be considered. Those errors 
depend on the quality of the test and external influences during its appli-
cation. Assessing the quality of Enlace and the reliability of its application 
is then a relevant element to take into account. As with any other statisti-
cal model, vam are also sensitive to omitted variables; in this case, the lack 
of student and teacher level data limits the prediction capacities of the 
model. In the same vein, Raudenbush (2004) notices that these models 
intend to identify causality but they fail to provide a correct definition of a 
treatment. The lack of a counterfactual strategy reduces its scope to de-
scriptive and exploratory, rather than confirmatory.

Finally, it is necessary to consider the limitations of the indexes in-
cluded here as control variables. The decision to include such indexes in 
this research is based on the necessity to control for school characteristics 
without incurring an over-specification of the model. These indexes pro-
vide seven different dimensions of school characteristics. However, their 
effect size does not have a clear interpretation because it is not possible to 
determine whether the distance between each two units is different than 
the distance between other two units. Further exploration in the construc-
tion of indexes for these variables is necessary to provide a better inter-
pretation of the impact of each dimension. 

Besides the limitations of this study, the results presented here are 
useful to guide educational policy in Mexico and to provide some lessons 
for other developing countries. First of all, they show that while the socio-
economic level of the school’s location strongly determines student 
achievement, generalization is not always pertinent and could be hiding 
some characteristics and practices that schools might be implementing to 
increase student achievement. Among those practices the completion of 
class schedule and constant evaluations of teachers and students play an 
important role in the Mexican case.

A more general implication of the present research is that in order to 
fully differentiate the gains produced by the school or the teachers from 
those related to student characteristics, Mexico might do well in investing 
more in data collection at the student-level that could track students over 
time and link teachers with classrooms and schools. Here, the work of 
Kane and Staiger (2002) on the use of time series studies could be an im-
portant input for such data collection processes. More accurate public 
data for student and school socioeconomic level, teacher practices and 
characteristics, is key to better understand how to increase student 
achievement.
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V. Conclusions

In this paper I handled the limitation to follow student outcomes through 
time to measure school impact on student achievement, by using intra-
cohort gains in order to relate long-term student gains with school charac-
teristics. In addition, I use information from census data to provide school 
location data at a very precise geographical level. This study is one of the 
first to analyze changes in student achievement in Mexico with national 
data, and might lead to future research on the topic. Its aim is also to open 
the field for the application of vam to developing countries. Here, it will be 
particularly interesting to differentiate those elements that fall under 
school scope of action, those that correspond to local or federal authorities, 
and those that correspond to individual teachers in different contexts. As 
more information becomes available, more sophisticated studies could be 
implemented to understand which elements allow students with low ini-
tial scores to increase their achievement in Mexico. However, this analysis 
could be used as a first guidance to implement policies in Mexico and oth-
er developing countries. 

The main results of this study point out that the relation between the 
socioeconomic level of the surroundings and student achievement mea-
sured through Enlace scores is strong for primary school students, but 
less clear for secondary school students. This relationship is also highly 
variable, highlighting the importance of the effect of schools on overcom-
ing less advantaged initial conditions. School basic infrastructure has a 
positive relationship to score gains for primary and secondary schools, 
highlighting the relevance of investing in improving school facilities. Stu-
dents’ family constraints have a negative effect on student achievement. 
In addition, there are important findings related to administrative vari-
ables that are within the scope of educational authorities; schools with 
more frequent evaluation of teachers’ knowledge and student achieve-
ment have larger gains. Schools that report that teachers complete the 
class schedule also have stronger gains. In this regard, understanding 
teachers’ dynamic to arrive to the school is crucial to design adequate pol-
icies, since there are elements that point out that school remoteness is not 
necessarily related to teacher absence and unpunctuality; thus, policies 
oriented to urban mobility and incentivizing teachers to arrive to school 
on time might be a better approach.

This study points out several elements for future research. It also 
opens some questions for policy makers interested in applying vam as ac-



402 Edgar Franco Vivanco: When Change Matters: Score Gains School Determinants in Mexico

countability measures in Mexico. In this sense, it is important to take into 
account the lessons from the United States, where vam have been subject 
to criticism in recent years. Although these models are an important tool, 
they are also limited and should be cautiously used. General recommen-
dations include: adjusting the timing of the test with timing of school ac-
tivities, use measures for at least two years, create measures on compari-
sons among teachers and schools that promote cooperation, adjust for 
factors outside the school control and report confidence intervals (Harris, 
2011). Implemented correctly, vam could provide better information for 
parents to monitor and discipline public providers and to empower citi-
zens, particularly the poor, thereby increasing their influence in policy 
making and providing them with a stronger voice and “client power” (The 
World Bank, 2004). This research takes the first steps in understanding 
and analyzing changes in student achievement, as a way to improve the 
provision of public education in Mexico.
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