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The Efficiency of Education Expenditure in Latin America

Resumen

Este articulo evalua cuantitativamente la eficiencia del gasto publico de 15
paises latinoamericanos usando datos promedio entre los afios 2000 y 2009.
Para este proposito se utilizan dos métodos no-paramétricos: Data Envelopment
Analysis (DEA) o analisis envolvente de datos y Free Disposal Hull (FDH) o libre
disponibilidad de factores. Una seleccion de indicadores de producto en educa-
cion primaria y secundaria es evaluada respecto al gasto publico en educacion
por estudiante. Como caso de estudio, los puntajes de eficiencia de Colombia
son comparados con los pares mas eficientes en cada uno de los niveles edu-
cativos para identificar mejores practicas y alcanzar mejores resultados.

Palabras clave: educacion, eficiencia, Latinoamérica, benchmarking.

Clasificacion JEL: H11, H52, 122.

Introduction

The public intervention in education, especially at the elementary learning level,
has been accepted as one of the most important public policies for the social
and economic development.? According to Mukherjee (2007) the so-called ‘New
Growth Theories' justify the public intervention on education because of three
reasons: a) the long-term increase in the expected income of its citizens, b)
higher growth of the economy, and c) lower poverty levels.

Nevertheless, the most important conclusion is that the process of improving
educational outputs should be focused on strengthening the educational sys-
tems and uses the resources efficiently to reach the necessary educational level
for the development of the region. In other words, the main challenge for Latin
America is not just how to spend more resources in education, but also how to
spend them better.

2 Specifically the public expenditure is the most important mechanism that the government has to
expand the educational outputs and increase the learning level of the population. However, most of
the diagnoses about the education sector in Latin America agree that there is still a big gap between
the ambitious desired output levels and the critical start point where the whole region is on. This gap
is becoming bigger because of a lack of correspondence between the resources spent in the sector and
the educational past debts, needs, and goals of all the countries (Tadesco and Lopez, 2002).
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In this sense, this paper appraises quantitatively the efficiency of public expend-
iture of 15 Latin American countries using cross-country data for averages
between 2000 and 2009. For this purpose two non-parametric methods are
used: Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH). Selected
output indicators in primary and secondary school are evaluated respect to
public spending in education per student. As a study case, Colombia's efficiency
scores are compared with the most efficient peers in each of the educational
levels to identify best practices and achieve better results.

Mainly, this paper answers the question: How much better could the Colombian
educational system perform in primary and secondary school, given the current
levels of public expenditure in the sector? The frontier analysis will help us to
identify the most efficient countries on delivering educational outputs and
determine the relative efficiency of Colombia and the rest of the countries.

This paper is organized in six parts as follows. The first part presents the
motivation and the financing education context in Latin America. The sec-
ond part shows the theoretical framework about efficiency from the Theory
of the Firm and describes how to overpass some limitations on the transla-
tion of this concept to the public sector. The third part presents the meth-
odological framework, including the formal description of DEA and FDH, the
specification of the calculations, and the reasons to select the inputs and
outputs variables used. The fourth part uses both methods to measure the
efficiency of public expenditure for each Latin American country in primary
and secondary school, complemented by an efficiency analysis of teachers
per student at both levels. The fifth part evidences Colombia's position in the
region and compares it with the most efficient peers to identify best practices
and achieve better results. The sixth part concludes and summarizes public
policies to apply in Colombia.

I.  Motivation and Context of Financing
Education in Latin America

During the last decade Latin America has been characterized for an envi-
ronment of economic growth, complemented by the increase of the public
expenditure per student in primary and secondary school (Graph 1). Never-
theless, there are still some hurdles to be able to generate "education for all"
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by 2015* and create complemented policies on the provision of high quality
secondary education. In this sense, the region still has on average 4.3% of
illiterate youth people, 5.8% of children of official primary school age who
are not enrolled in the education system, 6.2% of all the students in the last
grade who do not finish the primary cycle and 38.1% of children of official
secondary school age who are not enrolled; besides so many other problems
in access, equity and quality.

Graph 1. Average Public Expenditure per Student in Primary and Secondary
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Source: Unesco Institute for Statistics.

Since Latin American governments have to make decisions on educational
public policies subject to a budget constraint, one of the key issues for the
governments is not just how to expand the public expenditure on education,
but also how to improve the efficiency of the current resources.* This con-
cern has brought to the table the importance and the need to evaluate the

3 The goal "education for all" by 2015 was proposed by Unesco after the "World Conference on Education
for All" in 1990. The main idea is that governments, educational institutions and non-governmental
organizations have a commitment to provide basic education for all children, youth and adults. This
commitment is the base of the United Nation Millennium Development Goal on education: "Ensure
that, by 2015, children everywhere, boys and girls alike, will be able to complete a full course of
primary schooling".

4 This idea is also supported by the New Public Management, which propose that the government can
be more cost-efficient with a reform where the public sector is driven by market oriented policies
without having negative effects on the governmental social objectives.
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government performance on education, specially the public expenditure, from
an aggregate and international framework.®

This exercise has been made in the education sector by Afonso, Schuknecht
and Tanzi (2003) and Afonso and Aubyn (2004, 2005) on the calculation of
public expenditure efficiency in 25 OECD countries, by Clements (2002) for
the European Union countries, by Gupta and Verhoeven (2001) in 37 Afri-
can countries, by Herrera and Pang (2005) in 140 countries, and by Machado
(2006) in 19 Central America and the Caribbean countries. All these studies
use non-parametric techniques and measure the inputs in monetary terms.
Nevertheless, we know just few about the efficiency of public spending in
education in Latin America.

Table 1 shows that during the last decade, on average, Latin American countries
finance their education with 3.7% of its GDP, which represents 14.8% of the
total government expenditure. From this resource, the government allocates
39.9% in primary school and 29.6% in secondary school. Nevertheless, there
are big differences on how each country finance it educational system; for
example Bolivia spend 6.1% of its GDP for education, while Ecuador just spend
1.15%. If we compare this effort as percentage of the government expenditure,
we find that Mexico spend 23.8% and Panama and Ecuador just 8%.

From a raw financing perspective, the region has focused its funding in
achieving better results in primary education, understanding that the expan-
sion of the education enrolment at this level is the base of the learning
process and further development for the countries. Nevertheless, Argentina,
Brazil and Uruguay have allocated more of their resources in secondary than
in primary levels, which is a natural step for those countries that are closer
to the universalization of primary school. Similar situation happens to Chile
which also has implemented universalization policies at this level and keeps
a balanced expenditure on primary and secondary school.

5  See Mukherjee (2007) for a review on aggregate public sector spending efficiency on education using
cross-country data and different parametric and non-parametric techniques.
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Table 1. Indicators on Financing Education in Latin America (2000-2009 average)

. . Public Educational
Public Expenditu- Public Expenditure Expenditure in
p on Education as % P

re on Education of Total Govern- Primary as % of
as % of GDP . Total Educational
ment Expenditure .
Expenditure

Educational Expendi-

ture in Secondary as

% of Total Educatio-
nal Expenditure

ARG 4.45 13.45 36.16 38.12
BOL 6.06 18.00 39.75 22.15
BRA 4.32 13.30 31.52 41.13
CHL 3.73 16.82 38.47 37.47
coL 4.04 14.43 41.96 33.06
ECU 1.15 8.01 38.29 34.56
GTM 3.07 - 62.98 11.84
MEX 5.01 23.79 39.32 30.20
NIC 3.38 16.49 - -

PAN 4.30 7.99 32.66 27.19
PER 2.72 19.78 38.18 31.93
PRY 4.65 10.83 45.47 30.12
SLvV 2.89 17.91 50.43 24.85
URU 2.53 11.08 33.34 34.74
VEN 3.68 - 29.78 17.57
Average 3.73 14.76 39.88 29.64

Source: Unesco Institute for Statistics.

From a public spending perspective, if we express public educational expend-
iture per student as a percentage of GDP per capita for primary and second-
ary school, we can see the opposite situation than the one described before
(see Table 2 and Graph 1). In this case, Latin America spends relatively more
resources per student in secondary (11.1%) than in primary (10.4%). This is
because secondary level has fewer students and the inputs (teachers, tech-
nology, infrastructure, etc.) are more specialized and expensive than those
in primary.
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ARG
BOL
BRA
CHL
coL
ECU
GTM
MEX
NIC
PAN
PER
PRY
SLV
URU
VEN

Average
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Indicators on Public Spending on Education in Latin America (2000-2009

Average)

Public Expenditure in Secondary per
Student as a % of GDP per Capita

12.95
13.88
12.73
13.49
13.68
3.19
8.14
13.57
9.58
10.76
7.01

12.63

10.44

Source: Unesco Institute for Statistics.

Public Expenditure in Primary per
Student as a % of GDP per Capita

18.80
12.02
12.27
14.46
13.40
6.01
4.88
15.12
4.20
14.80
9.64

15.57

8.95
8.23

11.14

The last decade has been characterized by a positive environment for eco-
nomic growth and the expansion of the public expenditure in education.
However the social crisis of the region and the importance of the educa-
tion spending on the total public expenditure have called the attention of
authorities, academics and the people, to government spending perform-
ance. In this sense, this paper appraises quantitatively the efficiency of pub-
lic expenditure for each country relative to the most efficients in the region.
From my knowledge and the literature review, this exercise has not been
made yet for Latin America.
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Il. Efficiency Theoretical Framework

A. From the Efficiency Concept in the Private Sector to the
Public Sector

The definition and usage of the efficiency concept is well known from the
economic Theory of the Firm, but we have little knowledge about its implica-
tions to measure the government performance.

According to the basic economic theory, one of the main functions of a firm is
to use a productive process in order to transform limited inputs into outputs.
Similarly for the government, one of its objectives is to produce public goods
and services at the lowest cost possible (due a certain budget constraint), and
find mechanisms to increase its effects on the population; which also brings
the importance of the effectiveness in the process.

In general economic terms, productivity is defined as the ratio between outputs
and inputs. Efficiency can be decompose in two ways: technical efficiency is
the extent to which an agency maximizes the outputs produced from a given
set of inputs or minimizes the input cost of producing a given set of outputs,
and allocative efficiency is the extent to which an agency properly combines
its limited inputs and/or outputs to ensure the minimal cost for the given
market prices.® Finally, the effectiveness is defined as the extent to which an
agency's outputs are capable to produce a desired outcome (all definitions
are based on Hughes, 2002).

Figure 1 shows schematically the relationship between inputs, outputs and
outcomes. Moreover, it shows that the efficiency of the production and the
effectiveness of the outcomes may be influenced by differences in operating

6 The distinction between technical and allocative efficiency was introduced by Farrell (1957) (see his
work or Herrera and Pang (2005) for a technical explanation); however, these concepts have been in
constant development. ten Raa (2008) shows the relation between Farrell's efficiency concept and
Debreu's coefficient of resource utilization. He states that “the Debreu coefficient measures techni-
cal and allocative inefficiency, both in production and consumption, solving the formidable difficulty
involved in assessing prices, while [...] Farrell refrains from this, restricting himself to technical ef-
ficiency and price-conditioned allocative efficiency” (p. 5). The exercise proposed in this paper stays
away from this problem because it focuses on technical efficiency since this concept does not need
price specifications to be calculated. Other considerations should be taken into account in order to
measure allocative efficiency (see ten Raa, 2008).
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environments such as the requlatory framework, socioeconomic conditions,
climate, economic development, and any other external factor that may change
the production function.

Figure 1. Conceptual Framework of Efficiency and Effectiveness
Input ———> Output: Out
fipuss Techinal efficiency uiptts Effictiveness utcomes

Allocative efficiency

!

Differencesin operating environments: Regulatory framework, socio-economic background,
climate, economic development, etc.

Source: Based on Mandl, Dierx and llzkovitz (2008).

According to Nispen tot Pannerden and Klaassen (2009, p. 6) “a specific value
of productivity does not say much yet [...], but only if it is related to a stand-
ard, it provides insight into the efficiency of the production process”. This point
of view has been applied on the measurement of the government perform-
ance because it shows that what is important is not only increasing the pro-
ductivity or efficiency level, but also tries to get closer to certain standards,
desired values or best practices of those peers who best use their resources.’
This method is called benchmarking and it should be understood, in this con-
text, as a tool to determine the best usage of public resources by comparing
the relative performance of an organization with its peers in order to identify
"best practices”, which can be implemented in those organizations that are not
efficient. According to ten Raa (2009, p. 7) benchmarking “is useful because it
maps the potential of a Decision Making Unit (DMU)® quantitatively -compar-
ing actual outputs with potential outputs- and qualitatively -by identifying the
best practices” that would eliminate the gap with the potential output.

Although the benchmarking analysis is a tool that allows the government
to understand the efficiency of the public sector (in our case the education

7  Some other “desired levels" used in government performance analysis are: Averages, international
levels, goals from local or national plans, policy targets, etc.

8 This term is used in benchmarking analysis instead of “firm" in order to include non-profit or public
organizations.
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sector), there are technical and methodological limitations that should be
overpass in order to measure this concept.

B. Overpassing the Limitations to Measure
Efficiency in the Public Sector

Extrapolate the concept and usage of efficiency from the private sector to the
public sector has limitations. This theoretical challenge has brought new addi-
tional elements to understand the particularities of the production process in
the sector. Nispen tot Pannerden and Klaassen (2009) explain three kinds of
problems: a) technical and methodological limitations to calculate the effi-
ciency levels, b) organizational or behavioral incentives, and c) bottlenecks
regarding facilities. These problems are very important on the public admin-
istration and cannot be ignored on an implemented evaluation system for
public performance. Nevertheless, just the first one will be described deeply
because it is the only problem that could concern on the exercise presented
in this paper.

According to Nispen tot Pannerden and Klaassen (2009) and Trillo (2002) some
of the most common technical and methodological problems are:

1) Identifying public outputs: The identification and comparison between
public outputs (goods and services) are the main limitations mentioned in
the literature about government performance evaluation. This problem is
based on the fact that the government usually intervenes where markets
do not exist or are incomplete, which brings problems on the identification,
definition, measurement, and price determination of public goods and
services.

In order to overpass this limitation, Prior, Vergés and Vilardell (1993) propose
to identify a leader or dominant product that clearly shows a sign of the
activity carried out by the government. In this order of ideas, a group of
dominant outputs can give a closer overview of the government perfor-
mance to achieve a determined public objective.®

9  See section Ill to understand the public objective that this paper wants to analyze and the selection
of input and outputs to evaluate efficiency in the education sector.
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Identifying and differentiating the shared inputs to the corresponding
outputs: Since it is hard to identify the public outputs, it is also difficult
to identify the corresponding inputs. Moreover, in the public sector the
relation between inputs and outputs is not always clear. This problem is
reinforced by what it is called a "multi-production function nature". This
means that the government use many shared inputs that are overlapped to
produce different outputs. This characteristic also brings the problem on
the determination of a specific shape of the public production function.

As we just mentioned, the first step to overpass this limitation is through
the selection of the leader inputs. In this sense, most of the public perform-
ance analyses have been focused on the evaluation of public expenditure,
since this is one of the main mechanisms that the government has to
transform the economic and social environment. The second step is through
the selection of techniques that allow us to understand the relation be-
tween inputs and outputs under the conditions described above. In this
sense, we suggest the usage of non-parametric techniques (DEA and FDH)
to measure technical efficiency” (sections Ill.A and 111.B formally explain
the methods), mainly because of the following advantages:

® They do not use any particular parametric cost function so other com-
plex non-linear relationship between inputs and outputs can be found.
This advantage is particularly useful because in the public sector the
shape of the production function is not defined.

® They are based in a multidimensional linear program where it is possi-
ble to evaluate the relationship between multiple inputs and multiple
outputs. This characteristic allows us to solve the problem of the "multi
production function nature”

10

n

Because of this limitation specific measurements such as Index numbers (Partial Factor Productivity
and Total Factor Productivity) may be complicated to calculate depend of the sector and the public
organizations selected.

The economic theory provides other ways to measure efficiency in the public sector. See Hughes (2002)
for a review on other techniques such as Index numbers: Partial Factor Productivity (PFP) and Total
Factor productivity (TFP) indexes and Parametric techniques: Ordinary Least Squares (OLS), Corrected
OLS (COLS), and Stochastic Frontier Analysis (SFA). Although it is commonly shown that efficiency
measument techniques are independent, ten Raa and Shestalova (2011) present a common theoretical
framework that relates the Solow's aggregate production function model, Index Numbers, DEA, and
the Domar aggregation approach (Input-Output analysis).
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® They do not use market prices'? to maximize profits of the DMUs. The
optimum is characterized by the weights (or accounting prices') used
in the linear program to calculate the location of the inefficient coun-
try. It avoids the problem on price determination in non-competitive
markets where the government operates, but it restricts the analysis
to productive efficiency.

® |nputs and outputs can have different units without assuming any a
priori trade-off between them.

These techniques have also disadvantages. First, they are not able to draw
conclusions about influence of external factors or factor correlations with the
efficiency scores.™ Second, there are limitations to statistically test causality
between inputs and outputs or the significance level of the variables, which
is the main advantage of parametric models. Nevertheless, some authors as
Simar and Zelenyuk (2011) have improved DEA and FDH estimators, by allow-
ing the introduction of statistical noise and outliers. For this paper, the exist-
ence of outliers has been checked by the consistency of the time series data
as suggested by Trillo (2002).

The selection of inputs, outputs, and techniques to measure technical effi-
ciency in an international framework, opens the discussion about the sensi-
tivity of the public policy implications suggested by the efficiency analysis. In
this order of ideas, the following section presents the technical explanation
of the techniques selected and the reason to use them, the public objectives
in primary and secondary school that we want to evaluate, and the reasons to

12 As it is shown by ten Raa (2009) market prices can be distorted because they may include monopoly
power, trade preferences and many other non-cost based advantages, so the maximization process
using market prices do not reflect performance.

13 "Accounting prices express the value of outputs in terms of costs, and leave not room for profits"
Moreover, they are calculated in a hypothetical perfect competitive market and constitute the base of
benchmarking analysis (ten Raa, 2009, p. 20).

14 Herrera and Pang (2005) use a censored Tobit model in order to "identify factors correlated with
the inefficiency scores variation across countries”. On the other hand, Afonso and Aubyn (2005) use the
same technique to explain the influence of environmental variables (non-discretianary inputs) in
the inefficiency scores for the OECD countries. Nevertheless, they recognize that the data limitations
and the assumptions on the estimations would make this analysis sensible and possibly biased (p. 15);
especially for small samples (see Coelli, Rao and Battese, 1998).
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select the indicators (inputs and outputs) to measure them. All this in order
to clarify the scope of the analysis.

[ll. Efficiency Analysis

In order to appraise quantitatively the efficiency of public expenditure of Latin
American countries for the period between 2000 and 2009, we purpose the
usage of two non-parametric methods: Data Envelopment Analysis (DEA) and
Free Disposal Hull (FDH)'®. The reason to use these two non-parametric tech-
niques is because the result that we address is to find a range where it is pos-
sible for each country to increase its outputs at the same level of inputs. This
is possible because the aim of DEA is to find the most efficient 'virtual peers’
for each country, by assuming a convex relation that envelop the observed
data (input-outputs relation), while the aim of FDH is to seek just for the most
efficient peers without assuming any convex combination between them.

A. Specifications for the Efficiency Analysis

This analysis considers a group / of 15 Latin American countries.’® The govern-
ment of each country j e/ uses an input x; (e.g., public education spending
per student) to produce educational outputs y,, that as a whole represent the
educational status of the country i

15 For a technical explanation of DEA and FDH see Appendix 1.

16 The countries evaluated are: Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guatemala, Mexico,
Nicaragua, Panama, Paraguay, Peru, El Salvador, Uruguay, and Venezuela. Costa Rica and Honduras are
not considered in the sample because of lack of information. The reason to use this set of countries is
because we want to analyze the efficiency of public expenditure in education just for Latin American
countries, since they share common education models (production functions) but very different output
levels. Technically, non-parametric methods allow having estimation of the efficiency frontier in small
samples and address conclusions about those efficient and inefficient DMUs (in this case, countries).
Nevertheless, it is important to recognize that efficiency scores might be sensitive to sampling variation
(Simar and Wilson, 1998) if new DMUs are more efficient than the already frontier estimated. Hence
the efficiency scores assigned should not be considered as “global” relative assessment measures, but
rather solely as “local” (Zervopoulos, 2012). Many authors have used non-parametric methods with small
samples, such as Afonso and Aubyn (2004, 2005) for 25 OECD countries, Sutherland, Price, Joumard
and Nicq (2007) for 27 OECD countries, Gupta and Verhoeven (2001) for 37 African countries, Sharma
and Thomas (2008) for 22 countries, and Machado (2006) in 19 Central America and the Caribbean
countries, between others.
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The public objective that we want to evaluate is the efficiency of the govern-
ments to achieve "education for all" at primary level, and give access to high
quality secondary education.

In terms of public policy implications, we want to know how much each educa-
tion system in Latin America could improve its educational outputs in primary
and secondary school respect to the rest of the countries, given the current
levels of public expenditure in the sector.

For this matter, this paper proposes two specifications to calculate the effi-
ciency scores.

1) Efficiency of public expenditure in primary level. This is a single-input
three-outputs analysis where public education spending per student in
primary school (x,. IS R) is compared with the output vector (y,. € R3)
which is constituted by literacy rate of youth, net enrolment in primary
school and the primary completion rate.

2) Efficiency of public expenditure in secondary level. This is a single-input two-
outputs analysis where public education spending per student in secondary
school (x; € R) is compared with the output vector (Y; € Rz) which is
constituted by net enrolment in secondary and the PISA average score.

It is commonly accepted that public expenditure is the most important input to
expand the educational outputs. Nevertheless, input variables may include not
only public expenditure per student, but also physical indicators such as teach-
ers per student ratio, number of instruction hours, and availability of compu-
ter, among others. Of course these physical indicators are the result of public
expenditure in the sector. In this order of ideas, we suggest a complementary
analysis using teachers per student ratio (as a non-monetary input) instead of
public expenditure in education.

The added value of this exercise is that we can pay attention on the efficiency
usage of the most important non-monetary input in the learning process:
teaching staff. In terms of public policy implications, we want to know how
much each education system in Latin America could improve its educational
outputs in primary and secondary school, given the current supply of teacher
per student.
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For this matter, the two specifications to calculate the efficiency scores are:

1) Efficiency of teachers per student in primary level. This is a single-input
three-outputs analysis where teachers per student ratio in primary school
(x; € R) is compared with the output vector (yi € R3) which is consti-
tuted by literacy rate of youth, net enrolment in primary school and the
primary completion rate.

2) Efficiency of teachers per student in secondary level. This is a single-input
two-outputs analysis where teachers per student ratio in secondary school
(X,- € R) is compared with the output vector (y; € Rz) which is consti-
tuted by net enrolment in secondary and the PISA average score.

B. Selection of Inputs and Outputs

The data base is a selection of variables from the Unesco Institute of Statistics,
the World Bank Education Statistics (EdStats) and the OECD Programme for
International Student Assessment'” for averages between 2000 and 2009.

The following is the list of the variables and the explicit reasons to include
them in the calculations.

Inputs:

e Public education spending per student (2005 US$ - PPP terms): This
variable was selected to capture the governmental spending (capital
investment) in the education sector. It involves the fact that the ex-
pansion of public spending will generate more educational outputs
on the whole population. | agree with Gupta and Verhoeven (2001)
when they state that the meaning of efficiency measures varies with
the way the input is measured. This variable is measured by the an-
nual expenditure on education per student (full-time equivalents) in
US dollars (2005, constant prices) converted using Purchasing Power
Parities. The input is comparable between countries and it is controlled
by the size of the education system (measured by students). | avoid the
usage of a common indicator such as public spending as a percentage

17 The complete list of variables used in the paper, data sources and definitions can be found in Appendix.
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of GDP because it shows the relative national priorities but not the
public spending by itself. This is, if GDP decreases the spending ratio
will increase even if the public expenditure does not change.

Teachers per student (%): This variable was selected to capture the
human capital (or non-monetary) resource allocated in education. In
other words, it involves the fact that pupils can perform better by ha-
ving a frequent interaction with teachers in smaller classes. Moreover,
the availability of teachers also allows the expansion of education
attainment and improvement of the quality.

These two inputs are split by primary and secondary levels. This differentia-
tion is important because it allows us to have a more accurate measurement
of the efficiency at each level. The usage of separate indicators is an overpass of
the “level of aggregation limitation" faced by Herrera and Pang (2005), when
they suggest that ideally, the inputs should be use separately in primary and
secondary education (p. 11).

Outputs:

Primary

Literacy rate of youth (%): This variable is included to evaluate the
capability of the government to provide young population (15 - 24
years old) with basic reading and writing skills, which is one of the basic
public policies in developing countries. This indicator is considered as a
first measurement about a country's human capital. Notice that even
the target population is between 15 and 24 years old, the variable is
evaluated in primary school because the achievement of these skills
are developed through this level. Literacy rate of adults (people ages
15 and more) is not included because the literacy level of population
older than 25 years old do not depend on the resources invested during
the last decade, which is the period evaluated in this paper.

Net enrolment in primary (%): This variable is commonly used to assess
the capacity of the government in achieve universal education at this
level (e.g., achieve 100% in this indicator). This objective is one of the
most important goals for all Latin American countries after the "World
Conference on Education for All" in 1990 and the commitment with UN
Millennium Development Goals on education for 2015. | do not use gross
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net enrolment rates because it includes over-age students and it is not
an accurate indicator to measure universalization of education.

Primary completion rate (%): This variable shows the effort of the go-
vernment in keeping pupils enrolled during the whole elementary cycle
and graduates them from this level. Again, this objective is also part
of the UN Millennium Development Goals. Notice that this indicator
includes all the students in the last grade of the primary cycle, and not
just those students at the corresponding school age level.

Secondary

Net enrolment in secondary (%): This variable is used to assess the
capacity of the government in achieving universal education at this
level. Although this is not a UN Millennium Development Goal for
2015, it is the second most important public policy of the developing
countries to generate human capital accumulation.

PISA (Programme for International Student Assessment) average score
in mathematics, reading and science (score): This variable shows the
ability of 15-years-old students to use their knowledge in real-world
contexts. Although this variable has been considered as an outcome
more than a governmental output, the core of the analysis is to evaluate
the quality in secondary education across countries.'®

IV. Efficiency Results and Analysis

As it was described before, this section presents the relative technical effi-
ciency of public expenditure on education in the Latin American countries.
As a complementary analysis, the relative technical efficiency of the available
teaching staff is also presented and compared with the first one. These exer-
cises are presented for primary and secondary education, separately. Although
input and output-oriented efficiency scores are calculated and presented in
the tables, the interpretations will be focused on the output-oriented results
because the main core of the public sector is to determine the percentage

18 This variable has been used in cross-country comparisons by Afonso and Aubyn (2004, 2005), Herrera
and Pang (2005), and Barro and Lee (1997).

DESARRO. SOC. No. 74, BOGOTA, SEGUNDO SEMESTRE DE 2014, PP. 19-67, ISSN 0120-3584

35



36

The Efficiency of Education Expenditure in Latin America

of public services that can be increased without decreasing the inputs used.
Even more, from a budgetary policy point of view the government should not
try to reduce the public expenditure to achieve the same amount of output
(input-oriented analysis). But it should evaluate how much more output could
produce at the same level of public expenditure (output-oriented). The input-
oriented scores are used just as a reference to determine the wasted resources
to achieve the current educational outputs.

Finally, some general considerations related with the demographic and eco-
nomic profiles of the countries in the region are going to be stated in order
to have a better understanding of the results presented.

A. Education Efficiency Results in Primary School

1. Public Spending Efficiency in Primary School

Table 3 shows the efficiency of public expenditure in primary school of each
of the Latin American countries.

Notice that the results from the input and output-oriented problems are not
equivalent or complementary. The reason is because they address different
objectives and have different public policies implications as it was described
in section IIlLA. From one hand, the output-oriented result shows that the
inefficient countries could increase between 3 and 4% the primary output
indicators with the same public spending per student at primary level. On the
other hand, from an input-oriented point of view the inefficient countries in
the region are wasting between 37 and 45% of its resources on achieve the
current output levels.'

19 The input-oriented result is mainly pulled by Venezuela and El Salvador. The first country is wasting
between 49 and 62% of its resources because it is spending around 1.9 times than its efficient peer
Paraguay to achieve a relative similar combination of outputs. On the other hand, El Salvador is wasting
65% of its public expenditure in primary because it spends 2.8 times than its efficient peer Ecuador.
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Table 3.

Code

ARG
BOL
BRA
CHL
coL

ECU
GT™

MEX

NIC

PAN

PER

PRY
SLvV

URU
VEN

Average
Ave. eff.

Ave.
ineff.

Literacy
Rate of
Youth

99.04
98.63
96.85
99.01

97.95

96.23

84.37

97.80

86.62

96.26

97.25

98.79

94.87

98.87

97.80

96.02

98.20

94.1

Efficiency of Public Expenditure in Primary School

Net

Primary
Enrolment

98.66

94.75

92.82

94.65

91.46

97.12

91.20

97.61

87.20

98.13

97.29

92.68

91.79

98.31

90.97

94.31

95.57

93.37

Primary
Com-

pletion
Rate

100.81
100.22
108.06
97.17

101.07

102.38

69.39

101.62

71.54

96.43

100.23

94.14

86.24

96.26

90.80

94.42

99.86

90.50

Public

spending
per Student
(Primary)

140,13
48,494
107,030
159,756

99,438

17,51

33,754

168,290

22,248

98,327

45,042

48,51

49,761

69,753

94,965

80,199

84,452

85,731
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Output Oriented Input Oriented
DEA FDH DEA FDH
Eff. Eff.
Score Peer(s) Score Score Peer(s) Score
1 ARG 1 1 ARG 1
1 BOL 1 1 BOL 1
1 BRA 1 1 BRA 1
1 CHL 1 1 CHL 1
099 ARG/ 1 0.43 BOL/ECU 1
BOL
1 ECU 1 1 ECU 1
093 ECU/ 094 052 ECU 0.52
URU
099 ARG/ 1 049 ARG/ 1
BRA ECU
089 ECU/ 090 079 ECU 0.79
BOL
0.99 URU/ 1 0.63 URU/ 1
ARG ECU
099  ECU/ 1 0.81 ECU/ 1
URU URU
1 PRY 1 1 PRY 1
096 BOL/ 097 035 ECU 0.35
URU
1 URU 1 1 URU 1
098 URU/ 098 038 PRY 0.51
ARG
0.98 099 0.75 0.88
1 1 1 1
0.97 096 055 0.63

Source: Unesco Education data base, Institute for Statistics, OECD Programme for International Student
Assessment, EdStats Education Statistics, The World Bank, and author's calculations.

As it can be seen on Table 4, most of the countries appear as efficient by FDH,
but just Argentina, Bolivia, Brazil, Chile, Ecuador, Paraguay and Uruguay appear
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as efficient when DEA is used. This result is based on the fact that most of
the countries have very close results on the output indicators at very close
medium-input level. On the other hand Guatemala, Nicaragua, El Salvador
and Venezuela do not appear as efficient in any of the methods. Specially, the
three first on this group are countries with low public expenditure, so they
are still in the "soft" area of the educational production function, where is
possible to increase the public spending and have higher results on the edu-
cational outputs.

The efficient countries, Argentina, Chile, and Uruguay are considered leaders
in the region because their early implemented policies on universalization of
primary education. Particularly, Uruguay has a middle average public expendi-
ture per student on education, and it scores a high level on the three indica-
tors.?? On the other hand, Argentina and Chile perform a bit higher in some
indicators, but spending more than twice.

The educational system in Uruguay has been recognized several times as one
of the best in Latin America. Since early years it reached high levels in pri-
mary enrollment and literacy rate?', which shows the commitment of several
governments in increasing the educational opportunities for the whole popu-
lation. The success of the Uruguayan model is based on several public poli-
cies and reinforced by the reform made between 1995 and 1999, where the
country established four guidelines to transform the sector: improvement on
education quality, equity, dignity of teaching, and modernization of the edu-
cation management. According to Cuadra (2000) Uruguay was one of the best
countries in the enroliment rates, even comparable with industrialized coun-
tries, because of its successful policies in the universalization of primary edu-
cation and semi-universalization at the pre-primary level. According to this
author Uruguay, Chile and Argentina are a selected group of countries that

20 This result is aligned with the conclusions on Herrera and Pang (2005) where they found that Uruguay
is part of the group of the most efficient countries in education attainment in a sample of 140 coun-
tries.

21 According to Cuadra (2000) since 1963 census the 90% of the population of more than 8 years old
already had had basic schooling.
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have been above the Latin American averages on education levels since more
than three decades ago.?

Brazil is an interesting case because it has one of the highest gross primary
enroliment rates? of the region, so it is easy for it to have the highest pri-
mary completion rate. At the same time Brazil has a relative high level on
literacy of youth and average net enrolment at this level. This educational
profile suggest that Brazil is performing well in enrolling children to primary
school but it still has a large population of the age group which do not offi-
cially corresponds to the level of education, basically because of repeaters,
and kids that were lately enrolled.

Finally, Bolivia, Ecuador, and Paraguay appear as efficient because they have
relative low public spending in primary (all of them below the average), and
achieve relative high levels on the three output selected. Particularly, Bolivia
implemented an educational reform on 1995 based on an administrative
decentralized system with a target on providing education on the country side
areas and prioritizing the access on primary education for all the children. This
commitment has placed Bolivia on a high position in literacy of youth and
has increased the net enrolment rate close to other countries such as Chile.
Ecuador also has an educational system with compulsory primary level, and
it has been close to achieve the universalization at this level since 2006. This
process has been aligned with the rise on the literacy of youth and the proc-
ess to keep a low repetition rate and high completion rate of the whole level
(Unesco, 2011). Finally, education in Paraguay is also compulsory and free for
all the kids in primary. Although the country has achieved high results on lit-
eracy rate, it has a net enrolment rate in primary below the average of the
region and very close to the average on primary completion rate. In this sense,
the lowest resources used to achieve this result place it as relative efficient
in the region.

22 The effort of these three countries on improving the educational level has placed them on the first
three positions in the Latin American HDI and on the 45th (Chile), 46th (Argentina) and 52nd (Uruguay)
place on the worldwide HDI in 2010.

23 Gross enrolment rate is the ratio of total enroliment, regardless of age, to the population of the age
group that officially corresponds to the level of education shown. In other words it includes over-
age students, mostly because of repeaters. The average gross enrolment rate in primary of Brazil is
137.4%.
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2. Teachers per Student Efficiency in Primary School

Table 4 shows the efficiency of teachers per student in primary school of each
of the Latin American countries.

Table 4. Efficiency of Teachers per Student in Primary School
Net Output Orientated Input Orientated
Literacy . Primary  Teachers
Code  Rate of PEr:::Ir_y Completion Per 100 DEA FDH DEA FDH
Youth Rate Student Eff. Eff.
ment Score Score Score Score
Peer(s) Peer(s)

ARG 99.04 98.66 100.81 5.89 1 ARG 1 1 ARG 1

BOL 98.63 94.75 100.22 4.09 1 BOL 1 1 BOL 1

BRA 96.85 92.82 108.06 4.38 1 BRA 1 1 BRA 1

CHL 99.01 94.65 97.17 3.51 1 CHL 1 1 CHL 1

coL 97.95 91.46 101.07 3.57 1 CcoL 1 1 coL 1

ECU 96.23 97.12 102.38 4.39 099 MEX/ 1 0.93 MEX/BRA 1
ARG

GTM 84.37 91.20 69.39 3.26 095 MEX/ 099 0.66 SLvV 0.66
SLvV

MEX 97.80 97.61 101.62 3.62 1 MEX 1 1 MEX 1

NIC 86.62 87.20 71.54 2.96 092 SLV/ 095 0.78 SLvV 0.78
MEX

PAN 96.26 98.13 96.43 4.12 1 PAN 1 1 PAN 1

PER 97.25 97.29 100.23 4.16 099 MEX/ 099 083 MEX/SLV 0.85
ARG

PRY 98.79 92.68 94.14 3.67 099 CHLY 099 094 CHLSLY 095
ARG

SLV 94.87 91.79 86.24 2.43 1 SLV 1 1 SLV 1

URU 98.87 98.31 96.26 5.16 1 URU 1 1 URU 1

VEN 97.80 90.97 90.80 5.76 099 ARG/ 099 020 SLV 0.36
CHL

Average  96.02 94.31 94.42 4.06 0.99 099 0.89 091

Ave. 97.70 95.35 98.65 4.09 1 1 1 1

eff.

Ave. 93.51 92.74 88.08 4.03 0.97 098 0.72 0.72

ineff.

Source: Unesco Education data base, Institute for Statistics, OECD Programme for International Student
Assessment, EdStats Education Statistics, The World Bank, and author's calculations.
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From an output-oriented point of view, inefficient Latin American countries,
on average, could increase between 2 and 3% the primary output indicators
with the same amount of teachers per student at primary level. On the other
hand, from an input-oriented point of view the inefficient countries in the
region are wasting 28% of its input (teachers per student) on achieving the
current output levels.2*

Comparing Table 4 and 5, most of the countries that are efficient using pub-
lic expenditure in primary school are also part of the efficient group when
teachers per student ratio is evaluated. Argentina, Bolivia, Brazil, Chile, Ecua-
dor, and Uruguay are efficient using both inputs, separately. Nevertheless,
it does not mean that it is because the two inputs are highly related; actu-
ally the correlation coefficient is positive, but weak (0.27). In this sense, the
education public policies implemented in these countries have placed them
as efficient using their teaching staff and the whole public expenditure in
primary education, separately.

Other countries as Colombia, Mexico, Panama and El Salvador arise as effi-
cient just when the second input variable is used. These countries have dif-
ferent characteristics to become efficient in the region. Colombia and Mexico
are countries that are different in primary education spending, but very close
in the available teaching staff at this level. This characteristic put themin a
similar position with Chile, where each of them is more specialized produc-
ing a different output indicator within the three of them at the relative same
level of teaching staff per student. Chile has the highest literacy rate of youth
(99.019%), Colombia has the highest completion rate (101.07%), and Mexico
has the highest net enrolment rate (97.61%) for the three countries.

Panama appears as efficient because it has a relatively high availability of
teachers per student, and it performs better in net enrolment rate than the
three countries mentioned before. This result shows that the country is get-
ting closer to the universalization of primary education through the expansion

24 This result is pulled by Venezuela, which is wasting between 80 and 64% of the teaching staff per
student for the level of outputs in primary school achieved. Particularly, it is using 2.4 times teachers
per student ratio than its peer El Salvador for a similar level of outputs. Notice that it has the second
highest teachers per student ratio and it achieve relative low levels in net enrolment and primary
completion rate.
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of the teaching staff, even if it is inefficient in the usage of the whole pub-
lic expenditure in primary school.

Finally, El Salvador has the lowest teachers per student rate of the region,
and achieves relative low levels in the three outputs indicators. Neverthe-
less, it performs better than other countries such as Guatemala and Nicara-
gua. As it was explained before, these countries are still in the "soft area" of
the education production process, where is possible to increase the inputs
(public expenditure or teachers per student) and achieve better results in
all the three outputs.

B. Education Efficiency Results in Secondary School

1. Public Spending Efficiency in Secondary School

Table 5 shows the efficiency of public expenditure in secondary school of
each of the Latin American countries.

Notice thatin this exercise just eight countries have participated on the PISA
test, so the analysis is restricted to this sub-set of countries.

From an output-oriented point of view the inefficient countries of those eight
countries, on average, could increase between 6 and 10% the secondary school
enrolment and the quality of it, with the same public spending per student. On
the other hand, from an input-oriented point of view the inefficient countries
in the region are wasting between 32 and 449% of its resources on achieving
the current output levels.

Notice that Brazil, Chile, Peru and Uruguay appear as efficient using both
DEA and FDH. Particularly, Chile and Uruguay have implemented policies on
the universalization of primary school and obligatoriness of secondary level,
which also make them focus on policies to improve the quality of the educa-
tional services.

The Chilean process to get the highest net enrolment rate in secondary school,
achieves the highest quality and becomes one of the most efficient countries
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Code

ARG
BOL
BRA
CHL
coL

ECU
GTM
MEX
NIC
PAN

PER
PRY
SLvV
URU
VEN
Average
Ave. eff.

Ave.
ineff.

Net
Secondary
Enrolment

79.83
70.70
75.38
85.00

64.03

52.67
33.37
66.92
39.59

63.40

69.47
56.45
52.28
67.91
61.98
62.60

85.00

69.56
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Efficiency of Public Spending in Secondary

PISA
Test
Score

388.87

384.14

434.77

389.89

408.90

369.00

368.00

426.83

396.30

434.77

390.80

Public
Spending
per Student
(Secondary)
204,224
42,220
103,162
171,677

97,124

32,996
20,200

187,691
9,884

133,991

61,661
59,987
50,304
81,522
91,073
89,848

104,505

155,757

Output Orientated

Score

0.94

0.95

0.90

DEA
Eff.

Peer(s)

CHL

BRA
CHL

URU/
CHL

CHL

CHL/
URU

PER

URU

FDH

Score

0.94

0.94

0.93

0.97

0.94

Input Orientated

Score

0.66

0.40

0.46

DEA

Eff.
Peer(s)

BRA/CHL

BRA
CHL
PER/URU

URU/PER

PER/URU

PER

URU

FDH

Score

0.84

0.43

0.61

Source: Unesco Education data base, Institute for Statistics, OECD Programme for International Student
Assessment, and author's calculations.

in the region, it is supported in several educational reforms implemented since
1980. According to Bellei (2003) during the eighties, the Military Regime
implemented policies to commercialize the primary and secondary education.
In this sense, the government was giving subsidies to the demand and giving
incentives to schools to offer better educational services at lower costs. These
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policies increased the education attainment, but kept limited the quality and
the teaching autonomy of the schools. The reforms from 1990 agreed on the
policies implemented before to increase the efficiency of public educational
resources. Nevertheless, the government focused its effort in implementing
tools for monitoring, evaluating, and encouraging schools to increase enrol-
ment, to achieve better results and to promote the school decentralization.
Finally, in 2003 the government established the necessary reforms to make
secondary education free and compulsory based on an educational model with
bases established about materials, subjects and funding, which improved the
quality at this level.

Chilean educational reform process has been focused on the need to bring
learning processes of quality for all the students. According to Bellei (2003)
most of the reforms were based on a deep intervention of the organizational
structure, curricula, evaluation methods, external connection, and labor links.
In other words, they were focused on the learning process and positive dis-
crimination, which was possible after the universalization of primary level and
obligatoriness in secondary school.

According to De Armas and Retamoso (2010) the Uruguayan education sys-
tem has been recently intervened from 2000 to overpass the stagnation of
the completion rates in primary and secondary. Specifically, the country has
been working with UNICEF to strengthen the educational policies that allow
the country to reduce the drop-out rates on secondary school and generate a
high quality educational process.

Brazil appears as efficient basically because of the reform implemented on
1994 and reinforced after 2003 on the democratization of education. The
main policies implemented were addressed to organize the funding of the
educational system, the review of the educational law, the decentralization
of the administration, and the establishment of subsidies programs as “Bolsa
Escola”, which is focused on providing economic help on the demand and sup-
ply side, especially to include vulnerable population to a high quality educa-
tional process.

Notice that Peru is the country that spend less in secondary school of these

eight countries, and also achieve the lowest average score in the PISA test
(similar score than Panama) and a high net enrolment rate (similar than
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Uruguay). This result is aligned with the conclusions presented by the Unesco
(2011) report, where it is stated that Peru has been involved in a long proc-
ess (since 1940) that has brought a constant increasing on school enrolment,
but with trade-offs in other characteristics of the education system as qual-
ity and equity.

Surprisingly Argentina, which was relative efficient in primary school and has
been recognized as a strong education system, is not efficient at secondary level.
This result is based on the fact that the education system in secondary performs
at low quality level despite the high rate of enrolment.

2. Teachers per Student Efficiency in Secondary School

Table 6 shows the efficiency of teachers per student in secondary school of
each of the Latin American countries.

From an output-oriented point of view, inefficient Latin American countries
could increase between 9 and 11% the primary output indicators with the
same amount of teachers per student at secondary level. On the other hand,
from an input-oriented point of view the inefficient countries in the region
are wasting 37% of its input (teachers per student) on achieving the current
output levels.?

Chile appears as the only efficient country because it has the lowest available
teaching staff per student of the eight countries, and it achieves the highest
level of both output indicators. Comparing the inputs of this country in each
of the calculations presented in secondary school, Chile has the third high-
est public expenditure, but the lowest teachers per student ratio. As it was
explained before, this country implemented an educational reform in 2003
to make secondary education free and compulsory based on an educational
model with bases established about materials, subjects and funding, but not
necessary on the expansion of the teaching staff. In this sense, the country
has kept a relative low teaching staff per student at this level, but better pre-
pared for the teaching process.

25 The input-oriented result is pulled by Argentina, which has the highest teacher per student ratio
and achieves the third worst PISA test score. In this case, the country could decrease its input in
51% to achieve the same level of output, if it were as efficient as Chile.
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Table 6.

Code

ARG
BOL
BRA
CHL
coL
ECU
GT™M
MEX
NIC
PAN
PER
PRY
SLvV
URY
VEN
Average
Ave. eff.

Ave.
ineff.

Net
Secondary
Enrolment

79.83
70.70
75.38
85.00
64.03
52.67
33.37
66.92
39.59
63.40
69.47
56.45
52.28
67.91
61.98
62.60
85.00

69.56

Efficiency of Teachers per Student in Secondary School

PISA
Test
Score

388.87

384.14

434.77

389.89

408.90

369.00

368.00

426.83

396.30

434.77

390.80

Teachers
per 100
Student

4.16
3.67

2.43

4.06
3.51

4.41

Output Orientated

Score

0.98

0.91

0.89

DEA

Eff.
Peer(s)

CHL

CHL

CHL

CHL

CHL

CHL

CHL

CHL

FDH

Score

0.94

0.89

0.90

0.94

0.85

0.85

0.98

0.92

0.91

Input Orientated

Score

0.49

0.66

0.89

0.65

0.58

0.60

0.53

0.67

DEA

Eff.
Peer(s)

CHL

CHL

CHL

CHL

CHL

CHL

CHL

CHL

FDH

Score

0.49

0.65

0.58

0.60

0.67

0.63

Source: Unesco Education data base, Institute for Statistics, OECD Programme for International Student
Assessment, and author's calculations.

On the other hand, Uruguay is the country that being inefficient is closer to
the efficient frontier (output-oriented score: 98). The main reason is that
during the so called "First Five Years of Reformist Policies” (Primer Quinquenio
Reformista) -implemented since 2000- the country set the "quality of educa-
tion" as a pillar in the education process. The main strategies were directed
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on the creation of a new curriculum and the establishment of a strong inno-
vation at the teaching training level through the “teachers regional centers"
(Cuadra, 2000). This reform was complemented with the Unicef's consultant to
strengthen the secondary education cycle, reducing the drop-out rates and gen-
erating high quality educational process (De Armas and Retamoso, 2010).

These two countries are leaders on the production of high quality secondary
education. Nevertheless, it does not mean that they are always efficient in the
usage of each of the educational inputs, as it is the case of Uruguay. Although
Brazil and Peru are not leaders at this level, it also apply that they are efficient
using the public expenditure in education at this level, but they are not using
their teaching staff per student.

C. General Considerations

Studying the Latin American education systems as a whole without a specific
understanding of the characteristics of each country ignores the wide differ-
ences in social, demographic and economic levels within the region. According
to Tadesco and Lopez (2002) the education sector in Latin America is hard to
be enclosed as a whole, but it is possible to distinguish some characteristics
and establish a typology according to the demographic profile and the devel-
opment level of the countries.

The demographic profile -urban population and population growth- is a fac-
tor that facilitates or hinders the enrolment in each of the schooling levels
and the achievement of other education outputs. Those countries with higher
population in rural areas and high population growth have a harder challenge
to achieve the universalization on schooling. On the other hand, the develop-
ment level -measured through GDP per capita as a proxy- is related to a higher
disposition from families and government to spend in educational goods and
services. The interaction between these two characteristics allows us to dif-
ferentiate four groups among the Latin American countries.?

26 The name of the groups and the methodology of their clasification are based in Tadesco and Lopez
(2002). Nevertheless, these authors do not use this approach to evaluate efficiency and just do it to
have a general view of the educational situation in Latin America.
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Group 1: Modern demographic profile and high income. This group consists
of those countries that are ranked in the top five of the three characteristics
proposed. In this sense, they have a combination of high urban population, low
population growth and high GDP per capita witting the region. These coun-
tries are: Argentina, Chile and Uruguay.

Group 2: Transitional demographic profile and high or medium income level.
This group consists of those countries that are below the top nine in the demo-
graphic characteristics proposed and have medium-high income level. All the
five countries classified in this group have a transitional demographic profile,
and have medium-high income level. These countries are: Brazil, Colombia,
Mexico, Panama, and Venezuela.

Group 3: Incipient demographic transition profile and medium income level.
This group consists of those countries that are ranked below the nine places
in a demographic characteristic and have medium level income. These coun-
tries are: Ecuador, Peru, and El Salvador.

Group 4: Traditional demographic profile and low income level. This group is
made up of the four countries with the lowest income level, highest popula-
tion growth and lowest concentration of their population in the cities. These
countries are: Bolivia, Guatemala, Nicaragua, and Paraguay.

The selection of countries in each of the groups is based on a comparison
between rankings in each of the three variable suggested. This methodology
opens a discussion about the validity of including each country in its corre-
sponding group.?” However, the objective of this exercise is to show that Latin
American countries have differences and similarities that characterized some
of the education achievements.

Table 7 shows the average of the five output indicators selected for each of
the Latin American groups. Notice that most of the indicators decrease when
one moves from group 1 to 4. However, in the specific case of net primary
school enrolment the group 3 has a slightly higher rate than group 2, because

27 Countries as Peru have middle income level and its demographic profile is very close to the one of
countries as Colombia and Venezuela, for which could be part of group 2. Tadesco and Lopez (2002)
also find this problem in their classification of countries, which shows that some of them can easily
pass from one group to another and change some results of the groups.

DESARRO. SOC. No. 74, BOGOTA, SEGUNDO SEMESTRE DE 2014, PP. 19-67, ISSN 0120-3584



Andrés Felipe Salazar Cuéllar 49

Table 7. Educational Outputs for Each Group of Latin American Countries, Averages
2000-2009

Group 1 Group 2 Group 3 Group 4
Argentina Brazil Ecuador Bolivia

Chile Colombia  El Salvador Guatemala

Uruguay  Mexico Peru Nicaragua
Panama Paraguay
Venezuela

Urban Population (% total) 90.16 79.06 64.68 56.23
Population Growth 0.74 1.57 1.41 1.33

GDP per Capita 10,912.40 9,571.61 6,217.71 3,502.33
Literacy of Youth 2000-2009 98.97 97.33 96.12 92.10
Net Primary School Enroliment 2000-2009 97.21 94.20 95.40 91.45
Primary Completion Rate 2000-2009 98.08 99.60 96.28 83.82
Net Secondary School Enroliment 2000-2009 77.58 66.34 58.14 50.03

Average PISA Score in Math, Reading and Science

416.82 387.98 368.00 -
(score)

Source: Unesco Education data base, Institute for Statistics, OECD Programme for International Student
Assessment, EdStats Education Statistics, The World Bank, World Developed Indicators, The World Bank.
See Appendix 2 for more details.

Peru and Ecuador have implemented long term policies to universalize pri-
mary schooling with success, but without complete results. Meanwhile Brazil,
Colombia and Venezuela are still behind to get this goal. In the case of primary
completion rate group 1 is lower than group 2 because most of the countries
in the second group have high gross enrolment rates that make them achieve
completion rates higher than 100%.

About efficiency at these groups, notice that the members of group 1 are com-
monly efficient or very close to the frontier according to the analysis on the
previous section. These countries have a high percentage of population living
in urban areas (90.2%), a low population growth (0.74% per year) and a high
income level (10,912 US$ per capita). These characteristics and their earlier
commitment to the universalization of the basic educational cycle allow them
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to be always on the top of the education systems (see also the results of Tadesco
and Lopez, 2002). On the other hand, those countries that appear as efficient
in primary but can be considered as part of the "soft area” of the educational
production process are part of the group 3 (Ecuador) and 4 (El Salvador and
Paraguay). Bolivia is a surprising case because it has a low percentage of popu-
lation living in urban areas (64%), a high population growth (1.9% per year) and
a low income level (3,647 US$ per capita) but it achieve relative high levels in
all the output indicators selected, which makes it become an efficient country.
This result shows that even the demographical profile and the economic level
can restrict the public policies on education; it is possible to achieve the goal
on providing education for all the children in countries with developing econo-
mies. A more detailed analysis could be necessary to understand the conditions
of providing these educational outputs in the country.

V. Lessons for Colombia

Specially using DEA, Colombia never appears as a country using the public
expenditure efficiently in primary or secondary school to achieve better results
on education. In other words, the country is always spending the same amount
of resources than others in the region but getting lower results at both school
levels. From the complementary analysis, it appears as efficient using the teach-
ing staff per student in primary school, but not at the secondary level. In this
sense, the benchmarking analysis will provide insight to analyze Colombian's
position in the region through focusing the attention on the efficient peers
group, selecting the best practices, and discussing some public policies that
can be implemented in the country.

One of the main problems pointed on the literature about Colombian educa-
tional sector is that the education system reforms were lately implemented and
the results on the education systems have been delay in several levels (MEN,
2001; Unesco, 2011). Just after the Constitution of 1991 the fundamentals
principles of the education system were established, and since 1994 (General
Law on Education, Ley 115/1994) the country has been implementing a specific
framework to drive the development of the education future in the country.?®

28 This law complements the Law on Superior Education (Ley 30/1992) and the Law on distribution of
resources on the territories in Colombia (Ley 60/1993).
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This lag in the law® and therefore the commitment on the education public
spending has delayed the achievement of the desired levels of education.

In terms of primary indicators of education, Colombia has mixed results. As
the positive one, the country has achieved an average literacy rate of youth
of 97.8% between 2000 and 2009 which is very close to the level of its most
efficient peers Argentina (99%) and Bolivia (98.6%). This result is mostly
achieved because of the implementation of the National Literacy Program
(Programa Nacional de Alfabetizacion) in 2002. However, the main challenge
in this field is to guarantee the basic learning skills for those kids victims of
internal war or violent displacement.

On the other hand, Colombia achieves 91.5% of net enrolment rate in primary
school, while its efficient peers Argentina and Bolivia have implemented poli-
cies of universalization of primary school reaching 98.6 and 94.7% respectively.
This result shows that Colombia has not implemented a clear and resolute pol-
icy on universalization of the education at this level, to achieve the UN Mil-
lennium Development Goal for 2015. In this sense, Colombia should focus its
effort to strengthen the educational and administrative decentralization to
enroll all the kids in the country based in a rights-based policy.

Finally, 101% of the students in primary school finish the cycle in Colombia.
This result is very close to its efficient peers Argentina (100.8%) and Bolivia
(100.2%). Nevertheless, these results have to be carefully read, because it is
not just a matter of increasing the completion rate respect to other coun-
tries in the region, but also to achieve the highest level according to the gross
enrolment rate, which for Colombia is 119.2% between 2000 and 2009 due
the inclusion of over-age students.

Due the close results on literacy rate of youth and primary completion rate,
Colombia reports an output-orientated efficiency score of .99 (DEA), which
implies that the country could raise its output levels by around 1% with the
same public expenditure at this level, if it were as efficient as Argentina and
Bolivia. From the complementary analysis of efficiency of teachers per student,
Colombia appears as efficient because it has a relatively medium level of this
input and achieves similar results than the countries named before.

29 For a whole review on education law in Colombia, see Unesco (2011).
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About the secondary education the results show that Colombia still has a long
process to work on. The net secondary school enroliment rate shows the criti-
cal situation at this level. During the period evaluated Colombia just enrolled
649% of the kids that should be in secondary school according to their age.
As the comparable case, during the same period Uruguay enrolled 67.9% and
Chile was able to enroll 85% on average at this level. This result is based on the
fact that Colombia does not have an established policy to make the second-
ary education obligatory in the whole territory, because most of the monetary
effort has been focused on decreasing the educational debts of the country in
primary school (Tadesco and Lopez, 2002).

Moreover, this situation is reinforced with low level on achieving scores on
quality tests as PISA. The country could increase its secondary outputs indica-
tors between 6 and 10% (efficiency score of .90 with DEA and .94 with FDH)
with the same input level and achieve similar results than Uruguay and Chile,
which are its efficient peers. In order to keep improving the quality of the learn-
ing process in Colombia the World Bank (2008) identifies three elements to
address in the quality of secondary public policy: a) keep participating in this
kind of evaluations and learn from them, b) allow people in critical conditions
(poverty, violent displacement, rural areas, etc.) having access to high stand-
ard schools, and c) using the physical, human and monetary resources more
efficiently through evaluating the weaknesses and strengths of the schools to
allocate better these resources.

Finally, it is important to recognize that the results presented here can be
sensitive according to the selection of inputs and outputs. In this sense, it is
important to limit the efficiency analysis to the indicators selected and do not
generalize it to the whole education sector. Moreover, here we present the
efficiency scores calculated by DEA and FDH to have a range where is possible
for policy makers to determine how much is it possible to increase the output
indicators, for a certain level of input. Although the ranges are not very large
for output-oriented results, the policies implications could change if just one
of them is selected.
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VI. Conclusions

This paper appraises quantitatively the efficiency of public expenditure of 15
Latin American countries using cross-country data for averages between 2000
to 2009. For this purpose Data Envelopment Analysis (DEA) and Free Disposal
Hull (FDH) were used to find a range where is possible for each country to
increase its outputs at the same level of input (i.e., output-oriented result).
Input-oriented results are also presented, but their explanation is not included
in the conclusions because the question that this paper answer is addressed
from a budgetary policy point of view (i.e., budget constraint) where is not
possible to reduce the public expenditure for a certain level of outputs.

The following table shows the main results on the calculations for Latin America.

Primary Secondary
Output- Input- Output- Input-
Oriented Oriented Oriented Oriented
DEA FDH DEA FDH DEA FDH DEA FDH
Efficiency of public expenditure 0.97 096 055 063 090 094 056 0.68

Efficiency of teachers per student 097 098 072 072 0.89 091 0.63 0.63

Source: Author's calculations.

® The inefficient countries in the region could increase between 3
and 4% the primary outputs with the same public expenditure and
between 2 and 3% with the same amount of teachers per student at
primary level.

® The inefficient countries in the region could increase between 6
and 10% the secondary outputs with the same public expenditure and
between 9 and 11% with the same amount of teachers per student
at secondary level.

Argentina, Brazil, Chile, and Uruguay commonly appear as the countries that
achieve high levels of educational outputs for a medium-high level of pub-
lic expenditure on education which make them efficient (or very close to the
frontier) on primary and secondary.

The success of the south cone countries (Argentina, Chile and Uruguay) is based
on an early governmental disposition to alphabetize most of their population,
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to universalize the primary education, to increase the primary completion rate,
and to make important steps on the universalization of high quality second-
ary education.® All these achievements have been possible because of early
implemented laws, a well-organized decentralization system (about funding
and service delivery), and the government commitment with the human cap-
ital accumulation, besides their economic development and their favorable
demographic profile. Brazil also appears as efficient in primary and second-
ary, although its demographic profile and economic development are different
than the countries described before. This result is based on similar educational
policies than those described, but without an explicit policy on the universali-
zation at primary level.

Ecuador and Paraguay are countries that appear as efficient in primary but
at a low input level, which put them at the "soft area" on the production of
educational outputs, as well as Peru in secondary. Finally, Bolivia appears as
a country with low public spending at the primary level but it achieves high
outputs indicators.

As a study case, the efficiency scores of Colombia in primary and secondary
were compared with the most efficient peers in the region to identify best
practices and achieve better results. The following table shows the results on
the calculations:

Primary Secondary
Output- Input- Output- Input-
Oriented Oriented Oriented Oriented
DEA FDH DEA FDH DEA FDH DEA FDH
Efficiency of Public Expenditure 0.99 1 0.43 1 090 094 071 084
Efficiency of Teachers per Student 1 1 1 1 0.88 090 0.89 0.89

Source: Author's calculations.

® Colombia could raise its outputs in primary school by around 1% with
the same public expenditure, if it were as efficient as Uruguay and
Bolivia. On the other hand, it appears as efficient when teachers per
student in primary school are evaluated.

30 Although Argentina has implemented policies addressed to increase the quality of its educational
system, it still performs below the average within the region.
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* Colombia could increase its secondary outputs indicators between 6
and 10% with the same public expenditure if it were as efficient as
Uruguay and Chile. On the other hand, it could increase its secondary
outputs indicators between 10 and 12% with the same amount of tea-
chers per student in secondary school if it were as efficient as Chile.

The main problems of the country are the lag in the educational law and
therefore the commitment on the education public spending to achieve the
desired levels of education. These problems have set Colombia into a situa-
tion where it has been paying the past educational debts in terms of educa-
tional outputs.

Some of the main public policies that should be implemented or strengthened
in Colombia in order to achieve better results and improve the efficiency of
its resources are:

1)

To guarantee the basic learning skills for those kids victims of the internal
war or violent displacement.

To implement a clear and resolute policy on universalization the educa-
tion at primary level to achieve the UN Millennium Development Goal for
2015.

To pay attention on over-age pupils evaluating the learning process during
the whole cycle to avoid drop-outs.

To follow programs implemented in Chile and Uruguay about obligatoriness
at secondary level.

To follow the World Bank recommendations on keeping participating
in cross-country quality evaluation tests and learn from them. To allow
people in critical conditions (poverty, violent displacement, rural areas)
having access to high standard schools and using the physical, human and
monetary resources more efficiently through the evaluation of weaknesses
and strengthens of the schools.

These policies should be implemented based in a rights-based policy and through
the strengthening of the educational and administrative decentralization.

DESARRO. SOC. No. 74, BOGOTA, SEGUNDO SEMESTRE DE 2014, PP. 19-67, ISSN 0120-3584

55



56

The Efficiency of Education Expenditure in Latin America

| suggest that further research should be focused on three ways. First, use the
same methods to have a systematic analysis where efficient frontiers are cal-
culated for different time periods to evaluate how these frontiers have been
changed. Second, focus the analysis of the specific situation of Colombia.
Thus, it would be possible to use both non-parametric methods to quanti-
tatively appraise the efficiency of public expenditure in the 32 Departments
in the country. Third, improve DEA and FDH calculations using environmen-
tal variables using a two-stage approach as suggested by see Coelli, Rao and
Battese (1998).
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Appendix 1

Now we come to the technical explanation of DEA and FDH based on a one-
input two-outputs example to further expand them to multiple-inputs and
multiple-outputs in a linear programming problem.

A. Data Envelopment Analysis

Let us consider the following example. Four countries (i = A, B,C, D) , use a sin-
gle input X; to produce two outputs ¥;; and Y,,;. Hence, twelve exogenous
variables will be included in the calculations (Table 1A).

Table 1A. Exogenous Variables: Input and Outputs (example)
Input Output 1 Output 2
Country A X, Yia \
Country B Xg Y5 Yos
Country C X, Y. Yoe
Country D Xp YLD Yz,D

Assume that the four countries have the same amount of input
(X, =X, =X.=X,).Country A is more specialized (or has been focused) in
the production of output 1, while country B is it in the production of output
2.(Y,, >, 41Y,5 <Y,;) - Country C, on the other hand, produces a mix of both
outputs, but it does not produce as much as each of the specialized coun-
tries (Y., <Y,. <Y, 1Y, 4 <Y,c <V, ). Finally, country D also produces a mix
of both outputs, in the same proportion than country C, but it performs less

than it (Y, <Y,0:Y,p <Y,c).

Let us consider the case of country D. First we assume that this country wants
to produce outputs at the same proportion, Y, , and Y, ,. So we want to deter-
mine the potential outputs (ey,, and €y,,, where ¢ is the expansion factor)
that country D can achieve if it adopts practices from the efficient peers. In this
sense, the main aim is to maximize the expansion factor ¢ of country D. To do
so, country D must consider to split its input in its own practices and copying
the behavior of the other three countries to produce both outputs. This can be
represented by the input constraint A,x, +4,,x, +A,x. +4,x, < x,, where
AwAy. Ay A, €]0,1] are the intensities (weights) on copying the other countries
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behaviors and all together must be less or equal than the input available for coun-
try D (x,). On the other hand, the output constraints show that the weighted
sum of the outputs must be grater or equal than the potential output. In this
case, the allocation of the input would produce Ay, , +4,y, 5 + Ay, +4,y,, of
output 1and Ay, , +4,y, s + 4y, +4,y,, of output 2, which can be expanded
at the factor ¢ . Finally, we impose the restriction 4, + 4, + 4, +4, =1 in order
to allow convexity of the frontier, accounting for variable returns to scale.*' Var-
iable returns-to-scale technology envelops the data tightly to determine the
efficiency frontier. According to Fried, Lovell and Schmidt (1993) this assump-
tion also makes that convexity on the production possibilities set be imposed by
requiring strictly positive input to produce nonzero outputs. This assumption is
appropriate when DMU are not operating at optimal scale because of imperfect
competition, governmental regulations, constraints on finance, etc.

The linear programming problem to find the optimal expansion factor of coun-
try D and the corresponding weights is:

Max,, A, €

Subject to:

AXp 4 A% + A0 + A% S X,

AXoa A X g+ A X HAX p Z EY ) (1)
AXop T A X5 + A X0 + A, X, Z €Y,

A+, +A,+4,=1

ApAy Ay d, 20

The expansion factor ¢ measures the distance between country D's produc-
tion and the efficiency frontier ("best virtual producer"”), which is defined as a
linear combination that envelops the efficient countries. If ¢* > 1 means that
the evaluated country is inside the frontier (i.e., inefficient), as it is possible
to have the radial increase in all the outputs. Meanwhile if ¢* =1 means that
the country is on the frontier (i.e., efficient). A, reflects the weights used
in the linear program to calculate the location of the inefficient country, if it
were to become efficient. One of the main advantages of this model is that 4;

has the interpretation of Lagrange multipliers (i.e., shadow prices).

31 See Coelli et al. (1998), Fried et al. (1993) or ten Raa (2009) for a whole review of the usage of other
returns-to-scale in DEA.
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This linear programming problem has to be solved as many times as countries
in the sample (in this case 4 times), so each time a different country has to be
evaluated relative to the observed performance of the whole group.

The graphical representation of (1) is as follows (Figure 1A).

Figure 1A. Data Envelopment Analysis Efficiency Frontier (example)

Output2

0 Output1

Notice that countries A, B and C are efficient while country D is not. In this
case, country D's potential outputs is country C's production, but in a more
general case it could be any point of the efficiency frontier according to the
proportion of outputs produced by the country. From this figure the expan-
sion factor is 0C/OD > 1.

If (1) is expanded to i =1,...,.n countries, j =1,..,.k inputs,and r =1,...m out-
puts, the model will be as follows for a country D:

Max,,A; €
Subject to:

n
<
2,-=1in’1:' = Xjp
n l >
zi:1yrf i = gyrD

2,_":1/1, =1

2,20

(2)
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Finally, the efficiency scores from the output-orientated problem is defined
by the inverse value of the expansion factor of benchmarking problem (2),
0=1]¢.

The linear programming problem in (2) is output-oriented, this means that we
fix inputs and get "goal” outputs. A different exercise, input-oriented, would
be fixing the outputs and getting “goal” inputs. The linear programming prob-
lem to describe this exercise is:

Maxw,/l, 1
Subject to:
Zj=1xj,/1,. <X
D Yk Z Ve

" A =1

i=1 !

4,20

(3)

Notice that we set the factor ¢ to the input used, while the output con-
straint is fixed. This means that the linear programming problem is looking
for the factor ¢ that allows the DMU to reduce the inputs for a certain level
of outputs. This approach is also used to determine the wasted resources to
produce the outputs level achieved. Although both linear programming prob-
lems identify the same efficient peers, the scores of the rest of the DMUs are
not equivalent, because they are different in the vector that can be modify
(input or output) fixing the other one.

B. Free Disposal Hull

The proposed way to calculate the efficiency scores with FDH is based in
the same programming problem presented in (1), (2) and (3) for the example,
the expanded output-oriented model and the expanded input-oriented model,
respectively. Nevertheless, this technique does not assume a convex combi-
nation between efficient peers, so it is necessary to impose that 4. € {0,1},
to limit the possibility of expansion to “virtual peers” levels and keep the effi-
ciency frontier with the observed efficient peers only.
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The following figure shows the efficiency frontier of our example using FDH
technique. Notice that in this example there is not any linear combination
between countries A and C, and C and B (Figure 2A).

Figure 2A. Free Disposal Hull Efficiency Frontier (example)
~N
5
g
>
]

A
! ¢
/”’D
/”’/’ B
0 Output1

Appendix 2

List of variables, Sources and Definitions

[All the definitions are based on the glossaries provided for each of the data
sources]

Outputs Source
Literacy rate of youth - people ages 15-24 (%) Unesco
Net enrolment in primary school (%) Unesco
Primary completion rate (%) EdStats
Net enrolment in secondary school (%) Unesco
PISA: Average score in mathematics, reading and science (scale) OECD

Inputs Source
Public education spending per student in primary school (US$ - PPP terms) Unesco
Public education spending per student in secondary school (US$ - PPP terms) Unesco
Teachers per student ratio in primary school (%) Unesco
Teachers per student ratio in secondary school (%) Unesco

* Unesco: Education data base, Unesco Institute for Statistics.

* OECD: Programme for International Student Assessment, OECD.
* EdStats: Education Statistics, The World Bank.

*WDI: World Developed Indicators, The World Bank.
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Literacy rate of youth - people ages 15 - 24 (%)

It is the percentage of people between 15 and 24 years old who can both read
and write with understanding a short simple statement on their everyday life.
Generally, 'literacy' also encompasses ‘numeracy’, the ability to make simple
arithmetic calculations.

Net enrolment in primary (%)

It is the ratio of children of official school age based on the International Standard
Classification of Education 1997 who are enrolled in school to the population
of the corresponding official school age. Primary education provides children
with basic reading, writing, and mathematics skills along with an elementary
understanding of such subjects as history, geography, natural science, social
science, art, and music.

Primary completion rate (%)
It is the number of non-repeating students in the last grade of primary school
divided by the population of the official age of the last grade of primary.

Net enrolment in secondary (%)

It is the ratio of children of official school age based on the International
Standard Classification of Education 1997 who are enrolled in school to the
population of the corresponding official school age. Secondary education
completes the provision of basic education that began at the primary level,
and aims at laying the foundations for lifelong learning and human develop-
ment, by offering more subject- or skill-oriented instruction using more spe-
cialized teachers.

Average PISA score in mathematics, reading and science (score) - constructed
variable

It is the average between the mean performance of the mathematics, read-
ing and science scores for the PISA test in 2000, 2003, 2006 and 2009. The
correlation between scores is: mathematics-reading: 84.4%, reading-science:
96.6%, and mathematics-science: 93.9%.

Public education spending per student in primary (2005 US$ - PPP terms) -
constructed variable

Itis the public current spending on education in primary school divided by the
total number of students at the same level. Public expenditure (current and
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capital) includes government spending on educational institutions (both public
and private), education administration as well as subsidies for private entities
(students/households and other privates entities). This variable is denominated
in equivalent US dollars converted using Purchasing Power Parities (PPP) of
2005, based on equivalents full-time students.

The variables were a construction from the original variables "Public expendi-
ture per student in primary (%GDP per capita)" as follows:

Publicexpenditure
GDP

pc

edupri = X GDP,

Public education spending per student in secondary (2005 US$ - PPP terms) -
constructed variable

It is the public current spending on education in secondary school divided by
the total number of students at the same level. Public expenditure (current and
capital) includes government spending on educational institutions (both public
and private), education administration as well as subsidies for private entities
(students/households and other privates entities). This variable is denominated
in equivalent US dollars converted using Purchasing Power Parities (PPP) of
2005, based on equivalents full-time students.

The variables were a construction from the original variables “Public expendi-
ture per student in secondary (%GDP per capita)" as follows:

edusec = Publicexpenditure.,. X GDP,,

GDP

pc

Teacher per student ratio in primary (%) - constructed variable

It is the number of teacher in primary school, regardless of their teaching
assignment, divided the number of pupils enrolled in all the primary levels.
This variable is a constructed variable from the original "pupils-per teacher
ratio (%)" included in the Unesco institute for statistics education data base.
The transformation is as follows:

Ps — Students,,, _1><100
e Teachers,,

DESARRO. SOC. No. 74, BOGOTA, SEGUNDO SEMESTRE DE 2014, PP. 19-67, ISSN 0120-3584



67

Andrés Felipe Salazar Cuéllar

Teacher per student ratio in secondary (%) - constructed variable

It is the number of teacher in primary school, regardless of their teaching
assignment, divided the number of pupils enrolled in all the primary levels.
This variable is a constructed variable from the original “pupils-per teacher
ratio (%)" included in the Unesco institute for statistics education data base.
The transformation is as follows:

-1
TPS.. = Students,, %100
Teachers,,.
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