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Abstract

In the year 2000 governments of all countries established the so-called Millennium Development Goals of
the United Nations. Among the main objectives of these guidelines is to provide conditions so that each
person (child, young or adults) can take advantage of educational opportunities to meet their basic needs.
The Brazilian Indice de Desenvolvimento da Educacao Basica (IDEB), index created and calculated
biannually by the National Institute of Educational Studies Teixeira (INEP), shows that the levels of
proficiency in Portuguese and Mathematics is still below the target. Recent studies suggest that the shortage
of public resources and the disorganization of these features are the causes for the poor performance. This
study aims to analyze technical efficiency of primary education schools in the state capital of Santa Catarina
State (with nearly 500 thousand inhabitants), in the South of Brazil. For this study, Data Envelopment
Analysis models were applied using secondary data obtained from INEP. The results show that schools
with large numbers of enrolled students tend to have more difficulty managing their human and physical
resources, resulting in worse technical and scale scores. Finally, management actions are proposed in order
to overcome the congestion of resources that causes inefficiency of the municipal schools.
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1. Introduction

According to the ISCED (International Standard Classification of Education), basic education concerns primary and
inferior secondary education. In Brazil, a specific law details the citizens’ rights concerning education, and organizes
general educational aspects. According to such legislation, “the education, duty both of the family and of the State,
inspired by freedom principles and human solidarity ideals, targets the integral development of the individual as well
as his/her preparation for active and full citizenship and qualification for job market.” (BRASIL. Law n° 9.394, 1996).
As pointed out by an OECD (2015) study, 17.2% of total public spending in Brazil concerns education, from its
primary to higher education. Among other OECD countries, such figure is only lower than Mexico’s and New
Zealand’s, spending approximately 18% in education. In 2012, the spending in higher education was 5.6% of total
budgets, more than the OECD average of 4.7%. However, when such figures are expressed in per student terms, Brazil
falls far below the OECD average: US$3,826 per student in Brazil, less than half of OECD average of US$8,477
(OECD, 2015). In addition to the substantially lower investment levels, Brazil also lacks proper resource management.
According to a study from the federal government think-tank IPEA (Applied Economic Research Institute), although
spending per student figures are higher in Brazil than in some other countries such as Argentina, Colombia, Peru, and
Bolivia, these countries present Human Development Indexes (HDIs) higher than in Brazil (Dalberto et al., 2015).
The same study sates that Brazilian spending is the 13™ most inefficient among all OECD members.

Inefficient usage of public resources has been a major source of the weak performance of the Brazilian educational
system in contrast to other countries (Marques, 2010). A study put forward by Neto et al. (2013) showed that a great
deal of the Brazilian schools lack minimal infrastructure conditions (such as libraries and study rooms), fact that
translates into very low educational quality standards. Another study carried out by the OECD in 2016 deals with
teachers’ wages. Once again Brazilian figures are half OECD’s, being teacher’ yearly wages in Brazil around
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US$12,300 in contrast to the OECD average of US$28,000. In addition, Brazil presents a higher number of students
per classroom, 25 in contrast to OECD average of 21.

In order to cope with UNESCO’s objective of “assuring all children to have mandatory, high quality, and free basic
education (UNESCO, page 9, 2014)” is utterly important to perform efficiency evaluations — that is, better resource
usage to get better results — in basic education schools in Brazil in order to elaborate objectives and practices targeting
basic education improvement.

This work analyses technical efficiency in the basic education schools in a given Brazilian municipality. The objective
is to identify the roots of the inefficiency in the schools targeted by the study. In this sense, the methodology of this
work proposes a procedure for the identification of the most important variables in the technical efficiency analysis
of Brazilian basic education schools.

In order to do so, we first present an overview of the education in Brazil, followed by a literature review on efficiency
studies applied to education. Afterwards, we describe the concepts and models from technical efficiency evaluation,
as well as a statistical analysis of the pertinent data, followed by a detailed description of the methodological
procedures used in this work. Finally, we present results from the application of such methodology for the technical
efficiency evaluation of basic education schools in the city of Floriandpolis, with some concluding remarks.

2. Efficiency and productivity in Brazilian education — a short review

In the 2016’s edition of the World Economic Forum, a ranking was released comparing countries with regard to
education, qualification, and employment indicators for five different age cohorts (from less than 15 years old, to more
than 60 years old). Brazil was listed in the 83™ position among 130 countries — an extreme contrast to its 8 place in
the ranking of global economies. Moreover, Brazil is particularly bad when only basic education is considered,
dropping down some more positions to the 118 place of the list. Most frequently found problems are related to:
teachers lack of qualification, low wages, impacts of social inequality on education, lack of spending guidelines, lower
than adequate levels of children between 7 and 14 years old that are enrolled in schools, and the high levels of school
evasion by children of all ages (Cury, 2014; Cury, 2002). Neto et al. (2013) suggest that widely spread inadequate
infrastructure of Brazilian schools are the major cause of students low performance. Vieira (2007) additionally discuss
lack of overall educational management and of proper school management. In response to the possible causes of such
low educational performance, some researchers are trying to identify measures and solutions aiming at the quality
improvement of the Brazilian basic educational system. In a statistical study considering many Brazilian
municipalities, Diaz (2012) suggested that increases in public spending on education do not necessarily translate into
better educational levels. In a study using DEA models to assess some the technical efficiency of some schools, Savian
and Bezerra (2013) have found that the richest cities in the state of Parand are not necessarily the most efficient in
educational terms. Coelho (2008) suggests that educational quality improvements heavily depend on physical
environment (such as local structure and school access), pedagogical issues (such as educators qualification), and also
school evaluation and management. From this brief review it is concluded that efforts must be made in terms of better
educational public resources management in order to increase school efficiency (Savian and Bezerra, 2013).

3. Theoretical Fundaments

Pitt and Lee (1981) defined technical efficiency as the highest production level one can obtain from a fixed level of
input used in the process. To Battase and Coelli (1992), a firm’s technical efficiency is given by the ratio between
actual productivity and maximum (ideal) productivity that could be reached by using a given input level in the
transformation process.

Mathematically, let yl* be the maximum level of production obtained by the usage of input x 1* , resulting in
maximum productivity PR " . So, in the case of single input and output, the following equation describes the

production level:

pes
ET:yL _ xl* _ PR*
»oon PR

X
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3.2 Statistical techniques for input and output variables selection

Among the preliminary steps to perform DEA analysis, variable (input/output) selection is of fundamental importance
for the proper representation of the problem (Sinuany-Stern and Friedman, 1998). Problem simplification, by means
of the removal of multiple and/or irrelevant variables, results in more objective guidelines towards relevant
conclusions for the problem. In order to do so, this work uses correlation procedures, principal component analysis
(PCA) and clusterization. According to Larson and Farber (2010), correlation refers to the relationship between two
variables. Correlation analysis can help identifying pairs of variables that explain the same features, allowing the
removal of one of them. According to Varella (2008), Principal Components Analysis (PCA) is a multivariate
statistical technique that aims at transforming a set of possibly linearly related variables into another set of linearly
unrelated variables, called principal components. Such resulting components can be of the same or lower number as
the original set of variables. Clusterization is a technique to perform automatic grouping of variables according to
their resemblance levels. According to Pimentel et al. (2003), clusterization consists in exploring patterns among data,
and grouping similar patterns in categories or groups. As it is important to verify similarities among DMU’s and
clusterization methods inherently group similar DMUs together (Talluri, 2000).

4. Methodological procedures

Two main steps compose the methodological roadmap used in this work:
a) data gathering and cleaning, from the National Institute of Studies and Research Anisio Teixeira (INEP -
Instituto Nacional de Estudos e Pesquisas Anisio Teixeira);
b) development of managerial measures to be taken by school authorities from selected schools in the city of
Florianopolis. This step is further divided in four more steps:
i. clusterization of schools in groups by similarity;
ii. school evaluation by their respective scale and technical efficiency scores;
iii. evaluation of input congestion, by means of the weak and the strong variables disposal;
iv. specification of new values for the variables of inefficient schools in a way them can be projected to the
efficiency frontier.

5. Data gathering and result analysis

5.1 Data gathering

All data used in this work comes from INEP’s database. INEP is an autarchy, connected to the federal government by
the Brazilian Ministry of Education. Its objective is to promote, elaborate, and communicate studies on the national
educational system in a way the elaboration and execution of educational public policies aiming the development of
the Brazilian education can be better supported.

The School Census (Censo Escolar) and the Brazil Exam (Prova Brasil) programs are listed among the periodic
activities performed by the Ministry of Education concerning basic education. The School Census program is carried
out on an annual basis with the objective of collecting data on schools, student cohorts, educational professional, and
education performance. The Brazil Exam is a standardized examination for large scale diagnostic of the quality of the
educational services offered by public schools in Brazil. Exams on the Portuguese idiom and on mathematics are
applied on a two-years basis to students from the first to the ninth years.

The IDEB (Basic Education Development Index) portal was used in the data-gathering step, where data from both
School Census and Brazil Exam programs are available for the year of 2013 (the most up-to-date data available). From
the 27 basic schools were supposed to take part in both programs, but only 26 actually took part, and hence they were
selected for the present study. From the INEP database on education indicators, 54 variables were selected as relevant
and divided in the following six broad categories: human resources, infrastructure, operations and proportions, social
inclusion, socioeconomics, and performance indicators. The variables were further classified in terms of their nature
as categorical or continuous, seen that their respective statistical treatment is different.

5.2 Clustering the sample of schools

In order to check for the existence of similarity patterns among the basic schools subject to this study — and thus, the
possibility of the grouping of similar schools — the schools and their characteristics were analyzed by means of
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clusterization techniques. We have used the k-means algorithm for clusterization. Two clusters were obtained from

the 26 schools and their respective 32 categorical variables as shown in Table 1. By visual analysis of those two

groups, it was not possible to qualitatively infer strong patterns within the groups. In this sense, it was not possible to

conclude something on the existence of homogeneity of the school belonging to each of the groups.

Table 1. Clusterization with categorical variables
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Afterwards, we have carried out the clusterization of the 20 continuous variables. We have previously calculated

correlation analysis in order to identify the most non-correlated variables as shown in Table 2.
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Table 2. Correlation coefficients
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Total employees 08 022 08 007 -010 057 052 021 051 03 08 013 017 | 084 004 -009 015 000 -0,12
Number of Teachers 0,82 049 038 -001 -011 069 049 018 046 030 08 039 012 08 014 -020 -002 -015 -027
Staff qualified with Brazilian sign language 022 049 -030 -013 002 025 034 017 031 006 025 078 -008 024 -007 -018 -032 -031 -0,19
Other employees 082 038 -0,30 014 -008 030 031 013 033 030 058 -03 018 058 000 005 031 018 005
Teacher Qualification Appropriateness Index - Start. yrs 007 -0,01 -013 0,14 011 006 004 -020 -015 -001 -0,01 004 045 002 -007 -036 -037 -036 -044
Teacher Qualification Appropriateness Index - Final yrs -0,10 -0,11 0,02 -008 0,11 -021 011 015 -0,15 -006 -024 002 -025 -024 -020 016 024 025 0,03
Number of classrooms 057 069 025 030 006 -021 023 -004 007 027 061 032 029 068 038 -013 007 -0,06 0,09
Students per computer 052 049 034 031 004 011 023 021 055 048 063 031 -005 058 004 -025 -013 -021 -0,19
Computers for management use 021 018 017 013 -020 0,15 -0,04 021 037 o012 015 -013 -013 008 -018 0,14 010 008 0,09
Average students per class - Starting yrs 051 046 031 033 -015 -0,15 007 055 037 040 059 036 021 046 -043 015 012 005 -0,19
Average students per class - Final years 03 030 006 030 -001 -006 027 048 012 040 066 004 -010 057 011 017 022 019 015
Number of enrolled students 08 08 025 058 -001 -024 061 063 015 059 066 016 009 098 016 -002 015 004 -0,09
Number of full-time enrolled students 013 039 078 -030 004 002 032 031 -013 036 004 0,16 024 014 -022 -014 -030 -031 -041
Number of work shifts 017 012 -008 018 045 -025 029 -005 -013 021 -0,10 009 0724 008 -032 -011 -013 -021 -0,17
Number of classes 084 08 024 058 002 -024 068 058 008 046 057 098 014 0,08 025 -0,08 013 001 -0,11
Approval rate 004 014 -007 000 -007 -020 038 004 -018 -043 0,11 016 -022 -032 025 -050 -026 -030 0,17
Exam Brazil - Portuguese -009 -020 -018 005  -036 016 -013 -025 014 015 017 -002 -0,14 -0,11 -0,08 -0,50 088 094 042
Exam Brazil - Mathematics 015 -002 -0,82 031 -037 024 007 -013 010 012 022 015 -030 -013 013 -026 0,88 097 047
IDEB 2013 000 -015 -031 0,18 -036 025 -006 -021 008 005 019 004 -031 -021 001 -030 094 097 0,50
IDEB 2011 -012 -027 -019 005  -044 003 009 -019 009 -019 015 -009 -041 -017 -011 0,17 042 047 0,50

It can be noted that variables “Number of enrolled students” and “Number of classes” are strongly correlated
(p=10.981, with p<0.05). Such value has a qualitative meaning, as schools tend to keep the maximum number of
students per class, increasing the number of classes in a proportional fashion to the increase in the number of enrolled
students. So we decided to drop the variable “Number of classes” while “Number of enrolled students” will be kept
in further analyses. In a similar way, variables “Exam Brazil-Portuguese” and “Exam Brazil-Mathematics” are also
strongly correlated to the IDEB 2013 variable (p=+0.940 and p=+0.974, with p <0.05, respectively). As it was
described in the last section, such strong correlation comes from the fact that the IDEB 2013 variable takes into its
own definition the scores in “Portuguese” and “Mathematics” from the Brazil Exam from that year. In this sense, one
can safely use only the variable IDEB 2013 and drop the other two correlated variables. Afterwards, the 17 continuous
variables from the 26 schools were also subject to the clusterization method (with k-means algorithm). Such procedure
resulted in two clusters, depicted in Table 3.
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Table 3. Clusterization with continuous variables
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EO1 1 45 21 5 19 0.87 1 6 13.6 9 23.6 254 245 170 2 0.96 6.9 6.0
E03 1 43 21 0 22 091 0.94 8 18.4 5 17.8 30.3 349 41 2 1 6.1 6.3
E04 1 41 16 1 24 0.94 0.98 10 19.3 2 20.4 31.6 425 34 2 0.99 6.9 6.5
E07 1 63 28 8 27 0.89 0.85 1 32.6 6 30.0 31.1 620 208 2 0.97 6.5 5.8
E08 1 51 22 7 22 0.83 0.81 8 18.6 7 21.8 255 371 107 2 1 53 5.9
Ell 1 64 30 4 30 0.84 0.94 14 18.6 6 23.3 26.7 354 159 2 0.98 6.2 6.2
E12 1 70 35 1 34 0.89 0.98 14 245 6 23.0 30.6 613 69 2 1 6.4 5.9
El13 1 46 21 1 24 091 0.75 9 13.1 2 18.1 252 289 12 2 1 6.0 6.1
El6 1 43 25 0 18 0.93 0.82 10 14.6 4 21.5 253 306 98 2 1 5.6 5.5
EI8 1 74 35 7 32 0.78 0.97 14 19.7 5 24.1 26.5 533 122 2 1 6.5 6.6
E20 1 60 24 1 35 0.84 0.88 10 29.4 7 22.8 323 500 41 2 0.99 6.4 6.1
E24 1 75 26 2 47 1 1 11 239 10 23.1 28.4 430 70 2 1 6.0 5.7
E36 1 56 30 7 19 0.88 0.97 12 48.1 6 23.5 273 481 177 2 1 5.7 6.0
EO05 2 78 32 2 44 1 0.81 25 22.4 4 234 28.4 626 176 3 0.99 6.1 6.4
E09 2 64 40 19 5 0.89 0.86 22 35.6 6 25.1 333 676 504 2 1.00 54 5.8
El0 2 60 28 1 31 0.92 0.82 12 344 3 254 30.2 653 119 2 1.00 5.7 5.8
El4 2 76 33 1 42 0.89 0.98 16 41.9 4 24.7 30.5 712 205 2 0.99 6.4 5.6
E15 2 100 48 4 48 091 0.81 21 26.7 7 24.8 33.0 1015 30 2 1.00 6.2 5.8
E17 2 77 35 5 37 0.97 0.85 11 29.1 5 27.5 279 581 272 3 0.97 55 5.1
E19 2 86 37 6 43 0.79 0.77 21 24.6 4 24.1 29.0 738 227 2 1.00 6.9 6.0
E21 2 94 39 6 49 0.85 0.85 16 449 14 27.7 31.5 853 24 2 0.99 6.3 6.4
E23 2 81 41 12 28 1 1 15 322 4 20.1 252 580 244 2 0.99 5.7 53
E25 2 107 34 5 68 0.93 0.90 13 39.9 3 252 31.5 718 148 2 0.99 58 6.0

In contrast to the clusterization of categorical variables, the clusterization of continuous variables resulted in two
substantially different clusters of schools at the same time that differences within the groups were negligible. Table 4
presents the average values for each variable and group, as well as the percentage quotient between the mean of Cluster
2 by the mean of Cluster 1.

Table 4. Discrepancies between clusters

Average values

Increment of Cluster 2 in

Variables Cluster 1 Cluster 2 relation to Cluster 1
Number of employees 56.23 82.30 +46.3%
Number of teachers 25.69 36.70 +42.8%
Staff qualified with Brazilian sign language 3.38 6.10 +80.2%
Other employees 27.15 39.50 +45.5%
Teacher skills adequacy index - starting years 0.88 0.91 +3.4%
Teacher skills adequacy index - final years 0.91 0.86 -5.4%
Number of classrooms 9.77 17.20 +76.1%
Students per computer 22.65 33.17 +46.5%
Computers for administrative usage 5.77 5.40 -6.4%
Average students per class - starting years 22.54 24.80 +10.0%
Average students per class - final years 28.17 30.05 +6.7%
Number of enrolled students 424.31 715.20 +68.6%
Number of full-time enrolled students 100.62 194.90 +93.7%
Number of work shifts 2.00 2.20 +10.0%
Approval rate 0.99 0.99 0.00%
IDEB 2013 6.19 6.00 -3.11%
IDEB 2011 6.05 5.82 -3.74%

It can be seen that, except for “approval rate”, both groups present significant discrepancies. Cluster 2 represents larger
schools both by the “number of enrolled students” (+68.6%) and by the number of employees (+46.3%). It is relevant
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to note that the variable “number of enrolled students” differs approximately +68.6% while the variable “number of
teachers” differs around +42.8% between the two groups. The same happens to the variable “number of classrooms”
(+76.1%) when compared to the number of enrolled students. Besides, the “number of student per computer” increases
46.5%, as well as the average number of students per class in the first and last years, growing 10% and 6.7%,
respectively, what suggest that schools in Cluster 2 have bigger problems in managing physical resources. The basic
education development indexes from 2011 and 2013 (IDEB 2011 and IDEB 2013) show a reduction of 3.74% and
3.11%, respectively, among the schools of the two groups.

5.3 Principal Component Analysis

The application of DEA models requires previous dimensionality reduction of the problem. This section presents a
Principal Component Analysis (PCA) in addition to the correlation analysis described in the last section. The objective
is to find out the group of variables that have the highest significance and account for a high share of data variability,
hence, belonging to the first principal components. Table 4 presents results from the first six components and the
correlation value p of each variable in the components

The schools become technical and scale efficient with the new values of the input variables. The values of the clusters
become more similar: Cluster 2 remains with the largest number of enrolled students, but is smaller then cluster 1 with
respect to the number of employees and the number of teachers. It can be seen that 20 schools out of the 25 analyzed
in this sub problem would have to decrease the number of enrolled students in order to become technical and scale
efficient. The difference in the number of enrolled students before and after the projection is of 5,385 students. Such
figure account for 39.4% of the 13,679 students enrolled in 2013. From the 5,385 students to be reduced, 4,421 belong
to schools in Cluster 2.

By considering the whole educational system of the city as a single transformation process, such decrease in the
number of enrolled students is not viable, because it would drastically reduce the supply of basic education for the
population of the city. An alternative for such challenge is to increase the number of DMU’s in a sense all of them can
be properly sized. In order to do so, according to the average values of enrolled students before and after the efficiency
frontier projection, 16 new schools would have to be constructed with capacity of 337 students each. Alternatively,
the number of classrooms in each school could increase, thus reducing the number of students per classroom. It is
important that the number of students per teacher also grows proportionally, making the school environment adequate
for quality teacher/student interaction.

6. Conclusions

The objective of this study was to assess technical and scale efficiency of selected public basic schools from the half-
million people city of Florianopolis, in the south of Brazil. For doing so, we have considered data from the 2013
edition of the School Census and Brazil Exam programs. Correlation and clustering analysis have shown two
homogeneous groups of schools: small- and large-sized. Substantial differences in resource management could also
be observed between the two groups by the different figures of number of students per classroom and the number of
computers per student.

The most representative variables to the problem were identified by means of the Principal Component Analysis,
which was used to perform dimensionality reduction as a pre-processing step prior to the application of the DEA
models. The number of teachers and employees, full- and part-time enrolled students composed the set of variables
chosen as input and the Basic Education Development Index (IDEB, 2013) was considered as the output of the
transformation process.

The application of the DEA models have shown that larger schools are the least efficient, from both technical (pure
technical efficiency) and scale perspectives. The analysis of congested variables pointed to school size reduction as a
way to project schools’ production plans to the efficiency frontier. Having seeing that a reduction in the supply of
basic education is unviable in the context of the considered schools, it is then proposed that new schools should be put
forward, or that the existing schools should grow in size, but keeping the efficient relation between resources and
students present in the small-sized schools.

It is then finally suggested that future research could explore difference between money spent with the teachers directly
(such as wage and bonus) and with their professional qualification (training, career plans). Familiar environment
impact on student performance could be also an interesting venue of future research.
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