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Abstract

Two Value-Added models were fitted using cohort comparisons on the Saber 3◦;
5◦ and 9◦ test that is applied by the ICFES. The first one, which is only based
on the results of the initial year to estimate growth in the final year, provides a
measure in absolute terms of educational gains of students within a school. The
second, controlling for several demographic, social and economic characteristics,
cleans the result of conditions that the school cannot control, to give an estimate
of the particular effect of the school on student learning. The analysis results show
that economic conditions of students are strongly related to educational progress,
but there are schools that, despite having underperforming students, have high-
performance levels. These schools can maintain their high-achieving students at
these levels but fail to leverage its low-performing students with other students.

Keywords: value-added, education, standardized tests.

Resumen

Usando comparaciones de cohortes en las pruebas Saber 3◦, 5◦ y 9◦ que realiza
el Instituto Colombiano para la Evaluación de la Educación (Icfes) se estimaron
dos modelos de valor agregado. El primero, que solo se basa en los resultados
del año inicial para estimar el crecimiento en el año final, brinda una medida
en términos absolutos de la ganancia educativa de los estudiantes dentro de un

1Duarte, J., Godoy, S., Dueñas, X. (2016) Value-added in primary and secondary education:
Following cohorts over time. Comunicaciones en Estad́ıstica, 9(1), 9-37.
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colegio. El segundo, que controla por varias caracteŕısticas demográficas, sociales
y económicas, limpia el resultado de condiciones que el colegio no puede controlar,
para dar una estimación del efecto exclusivo del colegio sobre el aprendizaje de sus
estudiantes. Los resultados del análisis muestran que las condiciones económicas
de los estudiantes se relacionan fuertemente con el progreso educativo, pero que
hay colegios que a pesar de tener bajo rendimiento tienen estudiantes en niveles de
desempeño alto. Estos colegios logran mantener a sus estudiantes de desempeño
alto en estos niveles, pero fallan en nivelar a sus estudiantes de bajo desempeño
con el resto de sus estudiantes.

Palabras clave: valor agregado, educación, pruebas estandarizadas.

1 Introduction

In the education field, the concept value-added (VA) refers to the students’ achieve-
ment regarding their increase of knowledge, skills, capacities and other qualities
obtained as an outcome of their experiences within an educational system over
time (OECD 2008). It could also be defined as the effect magnitude of a certain
school in the educational outcomes of its students, which go beyond their scores
and affect their future opportunities (Saunders 1998).

From the concept VA comes the idea of VA models. These can on in a category
of statistical models using data from the educational achievement of students over
time, to measure learning gains (Doran & Lockwood 2006). Similarly, VA measures
can be defined as the value added by a school to its students above what would be
expected according to their background and previous achievements (Hill 1995).

There are important differences between the aim of VA models and the hypoth-
esis of cross-sectional analysis with standardized tests data. Several studies use
data during a period to compare students, schools, regions and other attachments.
These studies reveal valuable information to know in absolute terms the student’s
performance level. Another kind of analysis uses data of a grade to make com-
parisons over time with the same grade. As long as learning standards and test
design are maintained, these temporal analyses allow comparisons between differ-
ent cohorts. On the contrary, VA models follow the same cohort at two points in
time to make the change from the starting point to the arrival point.

The OECD identifies two main benefits of VA models. First, VA measures can be
”fairer” than other tests because the result in VA takes into account the initial
level of students (OECD 2008, Doran & Izumi 2004). It may be unfair to evaluate
the contribution of a school to the achievement of its students by focusing only
on the output conditions of these or the percentage of students who fulfill certain
standards because the conditions of entry to schools are not equal (Reardon &
Raudenbush 2009). In Colombia, the student performance varies widely depending
on different socioeconomic conditions. VA measures, rather than showing the
output performance of students, reveal the magnitude of changes over time, given
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the conditions of entry.

The second benefit of VA measurements, which are mentioned the OECD is that
they can be ’more accurate’ because they incorporate contextual characteristics
of the schools and their students. Cross-sectional test scores provide crucial in-
formation for a variety of objectives of general interest, but they don’t allow dis-
tinguishing the real contribution of schools with other features that also affect
school performance. VA models can take into account social, economic and demo-
graphic conditions and other contextual factors of schools and students to generate
a measure of the schools that recognize these characteristics.

Saber tests 3, 4, 5 and 9 offer the possibility of making estimates of VA. These
tests evaluate every student in Colombia, with an annual periodicity since 2012.
Among the results every school receives is a measure of central tendency of their
performance and four measures of the distribution of its students regarding their
performance. This distribution is based on four performance levels defined accord-
ing to the educational standards of the Ministry of National Education (MEN) for
each area and grade. To date it’s possible to follow two cohorts:

Students that were in third grade of primary school in 2012 and fifth grade
of the same educational cycle in 2014.

Students that were in fifth grade of primary school in 2009 and ninth grade
of secondary school in 2013. For each of the two cohorts, it is possible to
obtain results for the areas of mathematics and language.

The practical exercise of this document estimates two VA models. The first, which
is only based on the results of the initial year to estimate growth in the final year,
provides a measure in absolute terms of educational gains of students within a
school. The second seeks to give an estimate of the particular effect of the school on
student learning by controlling through several demographic, social and economic
characteristics. We believe that both results are of interest to educational policies.
The first model can be used to identify schools with low performance, with the aim
of targeting aid or take plans of action. It is important to determine these schools,
although they are not solely responsible for the results. The second model can
help reward or recognize schools that, despite the characteristics of their students,
manage to get a good performance.

After reviewing the literature, we can say that it could be the first approach to VA
models for testing Saber 3, 5 and 9. Results should be interpreted with caution
because they do not have student-level results; we cannot guarantee that students
at the beginning of a period are the same as at the end (problems like dropouts,
grade repetition, etc.)

However, we consider that the information of VA, accompanied by other infor-
mation of schools can be a useful instrument of public policy. The document is
divided into five sections including this introduction. In the next secti,n, we briefly
describe the implications of the VA estimates. In the next two sections, we expose
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the methodology and show results. Finally, we conclude with a discussion and
aspects to improve in future research.

2 Public policy implications

The school of school effectiveness is born by the need to identify the direct contribu-
tion of schools to its students’ performance (OECD 2011, Downes & Vindurampulle
2007, Kim & Lalancette 2013). The first statistical analyses seeking this goal
used the average of students from a school to make direct comparisons. Subse-
quent researches on the determinants of educational attainment showed that the
performance of schools was related to the socioeconomic conditions of students
and therefore, that the comparison of these gross measures did not recognize the
contribution of schools in an accurate way (Hill 1995, Kim & Lalancette 2013).
Raudenbush & Bryk (1986) make a pioneering study of VA with hierarchical linear
models to analyze school effectiveness, taking into account not only the socioeco-
nomic characteristics of students but also the previous achievements Haveman &
Wolfe (1995) y Kim & Lalancette (2013).

Currently, VA models can be defined as tools describing the learning process.
These models attempt to separate the contributions of the school in the devel-
opment of students, as distinct from the contributions of other factors associated
with performance (Willms 2009). Despite the many theoretical and practical defi-
nitions, all models of VA ensure that the evaluation of the effectiveness of schools
takes into account every external influence, besides the socioeconomic conditions
of students, their family history, and previous achievements (Wyatt 1996).

VA Models has been used for different purposes. In general, they have been used to
evaluate, monitor and improve various aspects of an educational system (OECD
2008). These models allow identifying the schools that contribute most to the
educational experience of its students, with the caution not to penalize or reward
them for the conditions and background of their students (Dury & Doran 2003).
VA models can be used as a tool for school improvement because they indicate how
the academic performance of students is progressing regarding the performance of
comparable students (OECD 2011, Downes & Vindurampulle 2007). Through
VA models it is possible to identify schools with performance above and below
projections, so that those schools with difficulties follow the practices of those who
have relatively high-performance (OECD 2011, Downes & Vindurampulle 2007).

In the United States information systems increasingly allow to identify and re-
late students to their teachers. This possibility has allowed VA models measure
the specific contribution of teachers to the progress of their students and, con-
sequently, that results can have important implications for them. This is the
most controversial practice of the use of VA models (Koedel et al. n.d., Aaron-
son et al. 2007, Rivkin 2005). In Louisiana, New York and some counties from
Tennessee, models are used to evaluate the effectiveness of the teacher prepara-
tion programs, to help with their improvement and study the teachers’ distribu-
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tion in poor schools (Armour-Garb 2009). However, the biggest criticisms come
from Florida, Denver and other counties in Tennessee, where VA is used to define
the permanence and payments of teachers. Teachers’ unions in New York and
California have banned any high-impact decision for teachers based on VA and
particularly on standardized tests to students.

Groups that are in favor for high-impact decisions based on VA claim that these
measures are less expensive than other mechanisms (such as observational evalu-
ations of teacher performance) and, if the models are correctly specified, they can
generate better results. Critics of these methods think that the estimates are not
reliable enough to categorize teachers. We believe that practical exercises, such
as this document, serve to publicize the advantages and disadvantages of these
procedures and open discussion of what for and how the results can be used in the
Colombian context.

Despite the many applications of VA models, the use of statistical models to
measure the learning marginal gains generate several practical difficulties that,
although theoretically understood, are difficult to answer empirically. To obtain
accurate estimates appropriate specifications models should be used, given the
properties of the data available and the public policy objectives (OECD 2008). In
the next section, we present our methodology.

3 Methodology

For the empirical exercise, we used the ICFES Saber tests for the grades 3, 5 and
9, from the years 2009, 2012, 2013 and 2014, for the areas of mathematics and
language. These tests evaluate all schools in the country. For each of the tests in
these years, grades and areas we use the average score of school and the percentage
of students in the four performance levels (insufficient, minimum, satisfactory and
advanced).

Performance levels are defined according to educational standards of MEN and,
therefore, provide a measure of distribution regarding the students’ learning within
the school. To reduce the number of response variables without losing informa-
tion of distribution, we added the percentage of students at the minimum and
insufficient performance levels to have a measure of the distribution’s tail (it is,
of the students with the most undesirable scores of the school). We excluded the
satisfactory level and used the advanced level as the measure of the distribution’s
top. We made this decision because on average, distribution is skewed to the
right. In this way we count on three measures of interest: the average score which
gives a measure of the average performance of the school’s students; the sum of
the percentages of the students in insufficient and minimum levels, which shows
the behavior of students in the tail of the distribution of school; and finally, the
percentage of advanced, which shows the behavior at the top of the distribution.

The tests Saber 3, 5 and 9 do not give a particular score for the students. The rea-
son is that every student presents only one part of the test for some of the evaluated
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areas to estimate a score for the school. This implies that no record identifies stu-
dents in time. Therefore, the observation unit of our analysis is schools. This fact
makes that, although we can follow a cohort specified in time, we cannot guarantee
that students evaluated in two periods are exactly the same. This restriction can
bias the estimates of the calculations in both directions. For example, if a school
had excellent students in the fifth grade (primary school) and four years later, in
the ninth grade (secondary school), had other not so good students, it may seem
that there was no improvement in the school’s performance. In the opposite case,
the bias would be positive. Therefore the validity of our VA models with school
level-observations depends on the strong assumption that the vast majority of
students do not change their schools. This assumption cannot be verified because
even knowing the proportion of students in the final year regarding the initial
year, we do not know if they are the same students. The assumption could be
unimportant if it is assumed that the students received by the school have similar
conditions to the students it loses.

With the data we have, it’s possible to follow two cohorts in time (see Table 1).
The first cohort we studied corresponds to the students who were in the third
grade of primary school in 2012 and two years later, in 2014, in fifth grade. We
called this cohort Third 2012 to Fifth 2014. The second cohort corresponds to the
students who were in the fifth grade of primary school in 2009 and four years later,
in 2013, in ninth grade of secondary education. We called this cohort Fifth 2009
to Ninth 2013. The cohort Third 2012 to Fifth 2014 is of considerable interest
because it is the one that guarantees the assumption of student stability in schools
since both scores belong to the same school cycle.

Cohort Fifth 2009 to Ninth 2013 is the one that guarantees the least this assump-
tion, but it’s of interest because there is a change in the school cycle. Since 2012
Saber tests 3, 5 and 9 have been applied with an annual periodicity and since next
year the test will be applied to seventh grade, so it will significantly expand the
possibility of following cohorts over time.
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Table 1: Cohorts. Source: own elaboration.
2009 2010 2011 2012 2013 2014

Third
Third Fourth

Third Fourth Fifth
Third Fourth Fifth Sixth

Third Fourth Fifth Sixth Seventh
Third Fourth Fifth Sixth Seventh Eight
Fourth Fifth Sixth Seventh Eight Ninth
Fifth Sixth Seventh Eight Ninth Tenth
Sixth Seventh Eight Ninth Tenth Eleven

Seventh Eight Ninth Tenth Eleven
Eight Ninth Tenth Eleven
Ninth Tenth Eleven
Tenth Eleven
Eleven

We used two different models for each of both cohorts, each of two areas and each of
three scores. The first one, which we call growth model is a simple linear regression
where the dependent variable is the final year’s score and the independent the
initial year’s score. The second one, which we call VA model is a linear regression
of fixed effects and interactions on two levels controlled by several contextual
characteristics.

3.1 Growth Model

If the tests applied in the initial year and the final year were the same, the dif-
ference between both scores would be a measure of the change in the educational
attainment, or growth, in the period existing between the two tests. As the Saber
tests 3, 5 and 9 evaluate specific competencies in each school grade, tests between
grades are not comparable. For example, if a school has excellent results in the
initial year and the final year they are not so good, we can’t affirm that it worsened
because it possibly improved compared to the first test, but not enough to have a
good performance in the second one. To know if, in fact, it worsened, the test of
the initial year should to to students in the final year for the second time.

For this reason, the difference cannot be made between the result of the final year
and the one of the second year, but between the results of the final year and an
estimate of the final year’s score based on the initial year’s score. In other words,
growth is the difference between the result reached by school and the expected
result. We estimate using ordinary least squares (OLS) the following model:

Fi = α0 + α1Ii + εi (1)
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Where i = 1, 2, · · · , Ni indicates the number of schools. Fi shows the score of i in
the final year, where the score is the average score, the sum of the percentage of
students in the performance levels insufficient and minimum or the percentage of
students at the advanced performance level. That is, three different models, one
for each dependent variable are estimated. Ii Ii indicates the initial score of i. α0

and α1 are the regression coefficients and εi is the error term.

Prediction of Fi, F̂i, is the expected result of school for the final year, given the
initial year and given the behavior of schools from all around the country. The
difference Fi − F̂i is the growth of the school i.

The growth model shows the marginal contribution of a school in time without
being adjusted by other contextual variables, in other words, it shows an absolute
measure of the change in the students’ educational attainment of a school. We
consider this model relevant because of two main reasons. The first is that its
simplicity is an advantage in the light of public opinion; the second is: since
the result is not affected by other different variables than those of the scores,
comparisons between schools can be made without other considerations and based
solely on the actual change.

3.2 Value Added Model

One of the VA advantages is that it’s possible to include contextual information
of the students and the school to make measures that take into account inequities
or can separate the effects of schools of other characteristics from the students.
Even controlling the students’ initial level it is reasonable to think that changes in
the educational attainment are affected by other variables outside the school. For
example, parents who are the most committed to their children education, students
with more food or more technology, the relevance of educational standards in some
parts of the country, extracurricular student activities, minority groups, religious
beliefs, disabilities and motivations of the students, among others. To this end
and with the restriction of available data, the VA model includes other regressors
with contextual characteristics of the school and its students.

We use the identification of Certified Local Authorities (ETC) as one of the fixed
effects of the model. Law 715 of 2001 gives the category of ETC to all departments
and municipalities that counted more than one hundred thousand inhabitants in
2002. Municipalities with fewer inhabitants who have the ability to administer the
public education service can apply for certification if they meet certain technical,
administrative and financial requirements. These requirements are that the mu-
nicipal development plan is consistent with the national education policies, having
state educational establishments organized to provide at least complete primary
school, having teachers and executive staff defined according to national param-
eters and having institutional capacity to operate the information system of the
education sector. Municipalities with more than one hundred thousand inhabi-
tants must meet these requirements to follow certificates (decrees 2700, 2004 and
3940 2007). We consider that the ETC offers a better regional control than the
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municipality or department because it maintains the departmental identification,
which is an important regional feature, but it differences within the department
those municipalities with the above features. For this exercise, we used the 94
existing ETC until 2014. Since 2015 the municipality of Yumbo, Valle del Cauca,
is certified.

As a second level of fixed effects, we used the area (rural or urban) and the sector
(official or non-official). Besides regional differences, the area and the sector factor
capture defining characteristics for education. In Colombia, and generally in less
developed countries, substantial differences between rural and urban areas are
maintained, regarding socioeconomic status of families, the quality of education
and dropout (Colbert 1999, Kazeem & Stokes 1995, Zhang 2006). Regarding the
sector, non-official schools supply the demand that official reach not cover. This
requirement comes from parents seeking better education for their children or
parents who found no quota in public schools. Therefore, although on average
non-official schools perform better than the officials or public schools; this feature
is not a control for school performance (there are official schools with excellent
performance and non-official with poor performance). The sector is important
because there are marked differences in teacher incentives and curricular plans
(Nunez et al. 2002, Tobón et al. 2008).

As the socioeconomic level approach to school, we use the index of the socioeco-
nomic level (INSE) calculated by the ICFES. INSE is built with information from
the socio-demographic survey that students respond at the time of the application
of Saber tests. Calculation takes into account household’s composition, infras-
tructure and possessions or belongings of housing, interaction with parents (talk
about news, books or television shows) and a cultural component (in terms of its
assistance to activities like theater, exhibitions, fairs, carnivals, parks, circuses,
storytellers or puppets, libraries and cinema). This classification is particular to
the educational field and different than other socioeconomic measures with other
objectives; therefore the INSE is not comparable with poverty estimates of the
National Administrative Department of Statistics (DANE).

INSE is calculated for each student, while schools are classified into four socioe-
conomic levels (NSE) based on the INSE. For our exercise, to have a continuous
variable, we take the average per school of INSE as an explanatory variable. We
use the four categories of NSE to present descriptive statistics in the following sec-
tion. We include a measure of the stability of the cohort, defined as the difference
between the number of students who took the test in the final year and the number
of students who took the test in the initial year. This measure does not guarantee
that students are the same. Finally, we use the average score’s standard deviation
of students of an individual school as a measure of the learning’s dispersion within
it. With these variables we estimate the following linear model of fixed effects and
interactions at two levels:

Fijk = β0+β1Iijk+β2INSEijk+β3ESTijk+β4DEijk+v1jIijkETCj+π1kIijkZSk+v2j+π2k+µijk
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Where, j = 1, 2, 3, Nj indicates the ETC number and k indicates zone and sec-
tor of i with k = rural official, urban official, rural non-official, urban non-official
. INSEijk is the INSE of school i which belongs to j and to k, Estijk is the
stability measure of the cohort of i and DEijk is the standard deviation of average
score of i. ETCj identifies each ETC and ZSk zone and sector. β0, β1, β2, β3 and
β4 are the regression coefficients common to all schools. v1j y v2j are the slope
and constant coefficients respectively common to the ETC and π1k and π2k are
the coefficients common to every zone and sector. We used interactions because
regression slopes must also be specific for the ETC levels and as well for the zone
and sector levels. All regressions of the model of growth and the VA model are
shown in Annex 1.

The model was estimated by fixed effects to solve the problem of endogeneity
of Iijk. Model does not include many contextual variables of students uncorre-
lated with Iijk that are collected in µijk. This means that β1 is biased and the
VA measure includes effects that are not attributable to school. By using fixed
effects, we include in the model all the features of the ETC and area and sec-
tor that are constant along the time and are correlated with Iijk, correcting, at
least partially, the endogeneity problem. The model does not use random ef-
fects because these models are based on the assumption that E[v2j + π2k + µijk |
Iijk, INSEijk, Estijk, DEijk] = 0, , which is even harder to guarantee.

The assumption that should be guaranteed in order to obtain no biased estimates
is that E[µijk | Iijk, INSEijk, Estijk, DEijk] = 0. It is difficult to meet this
assumption because almost the only way to ensure it is using data that come from
a controlled experiment. That is, to know the effect of a school in the performance
of their students, students with similar characteristics should be spread randomly
in different schools and evaluated at the beginning and end of a period. Although
we cannot guarantee that our model meets this assumption, we believe we have
good information.

4 Results

Growth and VA estimates must be compared between schools or aggregates (mu-
nicipalities, ETC and departments) with a similar performance in the initial year
test, for two reasons. The first one is a mathematical reason. At least theoretically,
schools with the worse performance in the initial year are the ones who have the
bigger mathematical possibility to growth during the period. This fact may make
it seems that, if schools are not separated by the result of the initial year, that
a school with good performance in both periods adds less value to their students
than a school that improved but had a weak performance in the initial year. As
the mathematical possibility of improving is different than the actual probability
of doing so, if a school with weak performance significantly improved in the period,
it is appropriate to highlight this growth among schools with similar performance.

The second reason is that the learning difficulty can increase as more is learned.
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For this reason, growth in learning should not be valued equally at different levels
of this. For example, a low-performance school that increased one hundred points
of the test does not generate the same value than a high-performance school that
increased the same one hundred points. It was probably harder for the high-
performance school to achieve this growth. Our models, especially the model of
growth, do not take into account these marginal changes. Although the VA model
bases its comparisons between similar schools, it is still a linear model. For both
reasons, we divided the average score of the initial year of school performance in
three categories: low, medium and high. We chose the categories so that in the
early years of both cohorts and both subjects, on average, 40% of schools stay
in poor performance, 40% in medium and 20% in high. This is equivalent to
low-performing schools having scores between 100 and 290, medium performance
schools between 291 and 350, and high-performance schools between 351 and 500.
Estimates are comparable within these categories and not comparable between
them.

Figure 1 shows an example of the six resulting quadrants of VA model for the
average score of schools belonging to the cohorts Third 2012 to Fifth 2014 in the
area of mathematics. Vertical comparisons can be made between schools within
the same performance category. Besides, names could be given to the quadrants
to give a qualitative measure of both dimensions. Categories of low performance
and declining VA stand out because they contain the schools with the bigger
learning deficiencies, and the category of high-performance schools and growing
VA, because they are the schools with the best results.

Figure 2 shows the VA model example when the interest variable is the sum of
the percentage of students in the insufficient and minimum performance levels.
As the cut for the three categories of performance is based on the average score,
there is not a perfect match between the court and the percentage of students in
performance levels. For example, Figure 2 shows that there is a school ranked in
high performance, despite having more than 40% of their students in minimum and
insufficient. This school must have the rest of his students at a good performance
level to have an average score greater than 350 and be ranked as a high performance
school. Relevance of performance levels lies in the fact that if two schools with
same average score have their students classified in different performance levels,
the dispersion of student learning is different. In addition to analyzing the school’s
average behavior, it is important to know the dispersion of learning levels within
it.
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Figure 1: Performance Quadrants. Cohort Third grade 2012 to Fifth grade 2014
Mathematics. Average. Source: own elaboration.

Figure 3 continues with the example of VA model for the cohort Third Grade 2012
to Fifth Grade 2014 in the mathematics area, but the result of interest that it
shows is the percentage of students at the advanced performance level; it is to say,
analysis focus on the distribution top. In general, but not by definition, for a school
to be ranked in high performance, it must have more than 40% of their students
at the advanced performance level and schools in the lowest category does not
have more than 20% of their students in advanced. Figures 1 to 3 show that as it
advances in the performance categories, VA dispersion increases. The comparison
group, formed by schools ranked in high performance for both the average score
as for the ends of the distribution, varies more than the other comparison groups
in the contribution concerning learning they provide to their students.
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Figure 2: Cohort Third 2012 to Fifth 2014 mathematics. Insufficient and Mini-
mum. Source: own elaboration.

Here we show the results of both aggregated cohorts nationwide. The national
aggregate is the average of the country’s schools weighted by the number of stu-
dents who took the test at both time points. For the cohort Third 2012 to Fifth
2014 we introduce the results of the growth model and the VA model only for
the area of language and for the cohort Fifth 2009 to Ninth 2013 we introduce
the results of both models only for the area of mathematics. We present only
one area for each cohort because results among areas are very similar nationwide.
Correlation of Saber tests in school level for the national aggregate between areas
of the same degree is never less than 0.7. This trend does not hold for other kinds
of comparisons.
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Figure 3: Cohort Third 2012 to Fifth 2014 mathematics. Advanced. Source: own
elaboration.

National results are only a part of the findings of the analysis because, with certain
precautions and for different purposes, it is possible to make comparisons between
schools, municipalities, ETC or departments. The database with results for these
aggregates, for both cohorts and areas and the results of the three independent
variables, may be requested to authors.

4.1 National results of cohort Third 2012 to Fifth 2014

Figure 4shows the national aggregate for growth and VA models in the language
area, for the average score of schools by performance category and NSE. Results
between categories are not comparable, but inside of each category, it is possible
to compare between NSE. In the growth model, you can clearly see a positive
correlation marked between the change in learning and the socioeconomic level of
students. Growth is negative in all three performance categories for the two lowest
socioeconomic levels. This shows that, regardless of the school’s performance, on
average, schools of students with more economic needs do not generate any value
at the end of primary cycle; compared with the learning they had in third grade.
Similarly, regardless of performance, schools with students with a better economic
situation are the ones that more value generate at the end of primary cycle.

The right side of Figure 4 shows the results of VA model. These results are not on
the same scale of the growth model because the results of VA ”shrink” compared to
the previous model’s results. The reason is that in VA model the difference between
the observed and expected school’s result is, on average, lower than the one of the
growth model because the expected value is calculated compared to similar schools.
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On the contrary, the expected value in the growth model is calculated for all schools
of the country. VA model removes the effect of several contextual characteristics
(variables that could be affecting the academic performance of schools) to give a
”cleaner” estimate. Results show that correlation between valued added of schools
and socio-economic levels gets lost.
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Figure 4: Growth and value added for average score by performance and socioeco-
nomic level category. Cohort Third 2012 to Fifth 2014. Language area. Source:
own elaboration.

It is important to note that both models provide relevant information to public pol-
icy objectives. VA model removes from school’s effect characteristics of students it
cannot control and, therefore, the result is an estimate of the direct and exclusive
effect of school. This result has equity effects when comparing schools. On the
contrary, growth model provides an absolute measure of how students are improv-
ing in time, independently of their demographic and socioeconomic characteristics.
The difference between the growth model and VA model can be interpreted as the
difference in the increase of student’s learning that was not caused directly by the
uncontrolled variables in the model, among them the school.

The most striking results are the ones in which there is not sign’s change between
both models. In estimates of 4it happens to schools of NSE 3. For example, for low-
performance schools, average increase, in absolute terms, is an effect of contextual
characteristics, and for high-performance schools, the VA model shows that these
schools, on average, are contributing value to their students. It is noteworthy that
high-performance schools in VA model, categorized in the most desirable NSE, are
the ones that on average generate a bigger added value in learning. This shows
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that beyond the contextual features, schools serving this kind of students are those
who are doing the job better.

Figure 5 and 6 show the result for the ends of school’s distribution. Figure 5
shows the progress regarding insufficient and minimum performance levels and
must be interpreted in such a way that a decrease is positively valued. This is
because learning makes itself evident in reducing the percentage of students at
these levels of performance. Results show that correlation between performance
and NSE is maintained. Growth models reveal that high-performing schools that
serve students from less desirable socioeconomic status are those that generate
lower profits in learning.
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Figure 5: Growth and value added for insufficient and minimum performance levels
by categories of performance and socioeconomic level. Cohort Third 2012 to Fifth
2014. Language area. Source: own elaboration.

When comparing the panels of each figure, it is evident that the decrease in abso-
lute terms on the tips of the distribution of schools in the less desirable socioeco-
nomic level changes drastically when adjusted for contextual features. Schools of
first socioeconomic level manage to include students in the advanced level but fail
to reduce the percentage in insufficient and minimum.

Comparison between the results of the average school and the tips of the distribu-
tion (figures 4, 5, 6) shows that schools that added value did it mainly by moving
the center of the distribution to students with poorer outcomes, and not necessar-
ily by moving them to the right. Many schools grew on average, despite decreasing
the percentage of students at the advanced performance level. Similarly, schools
that did not add value on average did it mainly because they did not take their
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students out of the two less desirable performance levels. This fact suggests that,
regardless of performance or socioeconomic status, public policy efforts should
focus on leveling students who are below the average for their respective schools.
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Figure 6: Growth and added value for advance performance level by categories of
performance and socioeconomic level. Cohort Third 2012 to Fifth 2014. Language
area. Source: own elaboration.

Figure 7 shows results for average in the area of language by categories of perfor-
mance and zone and sector. Both in the growth model as in the VA schools that
generate more value to their students are non-official and rural. These schools of
the countryside are generally bilingual, with totally different characteristics to the
official rural schools. This result confirms, once again, that education received by
students of a high socioeconomic level is significantly higher than that received by
other students.

There are two important conclusions for official schools in the results by zone.
After removing the effect of contextual characteristics, rural schools still do not
generate value to their students, but urban schools show better behavior, especially
high-performance schools are those that create more value from all comparison
groups.
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Figure 7: Growth and value added for average score by categories of performance,
zone and sector. Cohort Third 2012 to Fifth 2014. Language area. Source: own
elaboration.

4.2 National Results of the cohort Fifth 2009 to Ninth 2013

There are four years of difference in the period of study of cohort Fifth 2009 to
Ninth 2013. Besides, fifth grade is the last grade of primary cycle and ninth the last
of secondary. The magnitude of change in learning of this cohort in this period is
determinant for the near future of students. Figure 8 shows that, as for the cohort
Third 2012 to Fifth 2014, high-performance schools of NSE 4 are the schools that
more value add to their students. Besides, in VA model the effect of the school is
double than in the previous cohort. Therefore, it is emphasized that such schools,
even after removing the effect of socioeconomic characteristics, continue reporting
the best results. In the same way, it is evident that the education of students of
high socioeconomic status is categorically better than the education received by
less fortunate students.

Figure 10 shows analysis by zone and sector. Like in cohort Third 2012 to Fifth
2014, schools that generate more value to its students are the rural non-official and
those that less value generate are the rural officials. Unlike the previous cohort,
there is no evidence of good results for official urban schools compared to rural
official schools.
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Figure 8: Growth and value added for average score by categories of performance
and socioeconomic level. Cohort Fifth 2009 to Ninth 2013. Mathematics area.
Source: own elaboration.
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de desempeño, zona y sector. Cohorte Quinto 2009 a Noveno 2013. Área de
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In figure 10, growth model shows an evident but modest increase in the percentage
of students in advanced level in low-performance schools of all socioeconomic levels.
It indicates that, although most students do not achieve the expected goals for the
ninth grade, schools do get the most academically advanced students to reach
them.
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Figure 10: Growth and value added for average scores by categories of performance,
zone and sector. Cohort Fifth 2009 to Ninth 2013. Mathematics area. Source: own
elaboration.

In figure 11, growth model shows an evident but modest increase in the percentage
of students in advanced level in low-performance schools of all socioeconomic levels.
It demonstrates that, although most students do not achieve the expected goals
for the ninth grade, schools do get the most academically advanced students to
reach them.

The aspect that stands out in Figures 11 and 9 is that, unlike cohort Third 2012 to
Fifth 2014, low NSE schools in the VA model managed to reduce the percentage of
students in insufficient and minimum level and increase the proportion of advanced.
Annex 2 shows the national results of the mathematics area for cohort Third 2012
to Fifth 2014 and language for the cohort Fifth 2009 to Ninth 2012. Conclusions
in the analysis by NSE are very similar for both areas, but there is an important
difference in the analysis by zone and sector. VA model shows good results in
both cohorts for urban official (public) schools in language area, but not for the
mathematics area.
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Figure 11: Growth and value added for insufficient and minimum performance
levels by categories of performance and socioeconomic level. Cohort Fifth 2009 to
Ninth 2013. Mathematics area. Source: own elaboration.

5 Conclusions

To the best of our knowledge, this article is the first approach to VA models for
Saber tests 3, 5 and 9 in Colombia. This methodology allows us to follow two
cohorts over time. The first cohort is of students who were in Third grade of
primary school in 2012 and Fifth grade in 2014. The ICFES will implement Saber
test 7, in 2016 it will be possible to follow this same group of students again.
The second cohort we followed is of students who were in Fifth grade of primary
school in 2009 and four years later, in 2013, in ninth grade of secondary cycle.
Next year, when the ICFES scores and publishes the test results of Saber 11 of
this year, this cohort could be followed again. It implies that we could study this
group of students in the three cycles that complete primary, secondary and middle
education.

Estimates of VA are relevant because they allow us to follow the same cohort
over time, with the purpose of estimating the change in the students learning.
This possibility allows knowing the result of a school in an endpoint discounted
by what their students already knew at an initial point. Cross-sectional studies,
on the contrary, allow comparisons at one point of time or temporal comparisons
between different cohorts only. VA models are an excellent complement to the
cross-sectional analyzes because knowing how much students have improved is as
important as knowing how they are at the end of a period.
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Our empirical exercise is based on two models: one without contextual settings and
other that controls by different demographic, social and economic characteristics.
Model without adjustment gives a measure of the change in learning experimented
by students who belong to a school during a period. Model with adjustment
separates the exogenous effects from the direct effect of school. Both models have
practical implications for public policy. The first model can be used to identify
schools with negative results and focalize attention toward them and the second
model to reward or recognize the efforts of the best ones.

Results of the national analysis show that economic conditions of students are
strongly related to educational progress. Students belonging to higher socioeco-
nomic levels who go to expensive schools are the ones who improve their skills
further. This result is evident in the model that separates the students’ char-
acteristics from the direct effect of school: is not only the favorable conditions
of these students what allow them a better performance, but also the fact that
schools provide better training. Our analysis, besides of seeing the average behav-
ior of schools, focuses on the distribution of students within it. Results show that
there are schools that despite having a low performance have students in high-
performance levels. These schools can maintain their high-achieving students at
these levels. The problem is that they fail to level their underperforming students
with the rest of their students.

The interpretation of the results of our VA models must take into account the
initial performance of schools, because increases in learning have different meanings
depending on the level they start. For this reason, we present our estimates in three
performance categories based on the results of the initial year. Estimates of schools
or other aggregates are comparable only within each category of performance and
not comparable between these categories. There are other ways to show the VA
results. One of them is showing the results with measures of relative contribution.
These measures do not show the accurate estimate of VA, but a comparison of each
school with respect to others with certain similar conditions. Results of the study
of the relative contribution of all universities in the country are published on the
ICFES website. Research’s projects management and evaluation’s management
2015 uses Saber tests 11and Saber Pro to estimate the VA of the reference groups of
universities. Results introduce reference group for each institution, as the relative
contribution with respect to institutions whose students have more similar results
in Saber 11.

Another way to show VA results could base on a single measure of the behavior
of a group of similar schools. In a research of (de Gestión de Proyectos de Investi-
gación y Dirección de Evaluación. 2015) comparison groups that are not based on
cognitive outcomes, but contextual characteristics are being built. The objective
of that analysis is to know how is each school compared to schools with simi-
lar socioeconomic conditions. By combining this exercise with the VA’s valuable
information could be obtained.

A shortcoming of our work is that, because Saber 3, 5 and 9 tests do not offer
a particular score for students, observation unit for analysis are schools. This
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fact implies that estimates are valid under the assumption that there is student
stability in schools. This assumption could be verified if there were student-level
scores for Saber 3, 5 and 9 tests. A less expensive option could be given if it was
possible to know from other sources the students’ proportion from a cohort that
continues in each school. In this way would be more confidence for estimates of
schools with verified student stability.

Our measures of VA can provide evidence of student learning in schools to those
responsible for educational policies. These evidences can have accountability pur-
poses; can be used internally by the institutions for their improvement plans or
identify strengths and weaknesses of schools (Steedle 2010). However, we be-
lieve that the complexity of the educational environment requires that interpreta-
tions of VA estimates include several warnings for a fair and correct interpretation
(OECD 2008).

Even correcting the problems of our empirical exercise, several difficulties remain
when estimating the effect of schools on the educational progress of their students.
Everything you learn in a school can be translated into accumulation of knowl-
edge; skills, tools, customs and ethical values, in addition to the effect on the way
students think, feel and act (Bennett 2001), (Harvey & Green 1993). VA models
use data of standardized tests that can only measure a part of the whole education
given in a school.
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Tobón, D., Valencia, G., Ŕıos, P. & Bedoya, J. (2008), ‘Organización jerárquica y
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Figure 12: Growth and value added for average score by categories of performance
and socioeconomic level. Cohort Third 2012 to Fifth 2014. Mathematics area.
Source: Own elaboration.
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Figure 13: Crecimiento y valor agregado para niveles de desempeño Insuficiente
y Mı́nimo por categoŕıas de desempeño y nivel socioeconómico. Cohorte Tercero
2012 a Quinto 2014.Área de matemáticas. Fuente: elaboración propia.
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Figure 14: Growth and value added for insufficient and minimum performance
levels by categories of performance and socioeconomic level. Cohort Third 2012 to
Fifth 2014. Mathematics area. Source: own elaboration.
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Figure 15: Growth and value added for advanced performance level by categories
of performance and socioeconomic level. Cohort Third 2012 to Fifth 2014. Math-
ematics area. Source: own elaboration.
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Figure 16: Growth and value-added for average score by categories of performance,
zone and sector. Cohort Third 2012 to Fifth 2014. Mathematics area. Source: own
elaboration.
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Figure 17: Growth and value for average score and socioeconomic level. Cohort
Fifth 2009 to Ninth 2013. Language area. Source: own elaboration.
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Figure 18: Growth and value added for insufficient and minimum performance
levels by categories of performance and socioeconomic levels. Cohort Fifth 2009 to
Ninth 2013. Language area.Source: own elaboration.
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Figure 19: Growth and value added for advanced performance level. Cohort Fifth
2009 to Ninth 2013. Language area. Source: own elaboration.
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