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Abstract:

This work aims to demonstrate the efficiency degree achieved by the Brazilian states in the allocation of
public resources for education. We used multivariate statistical analysis, with Data Envelopment Analysis
and Multiple Regression, with data from 2001 to 2011. The results show that some states achieved
good efficiencies such as Minas Gerais and Rio Grande do Sul. These states succeeded in conciliating
reasonable expenses with good scores in education assessments and tests. Maranhdo and Para had
unsatisfactory scores in teaching, but also lower budgets of public expenditure. Thus, focusing on Brazilian
Public Education, the results show the efficiency degree in public spending and education outcomes, using
several variables and time periods.
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Resumen:

Este trabajo tiene como objetivo demostrar el grado de eficiencia alcanzado por los estados brasilefios en
la asignacién de recursos publicos para la educaciéon. En el método de investigacidn, nosotros utilizamos
analisis estadisticos multi-variados, con Anadlisis de Envoltura de Datos y Regresion Multiple, con datos
de 2001 a 2011. Los resultados muestran que algunos estados lograron buenas eficiencias, como Minas
Geraisy Rio Grande do Sul. Estos estados lograron con- ciliar gastos razonables con buenas puntuaciones
en evaluaciones y pruebas de educacién. Maranhdo y Para tuvieron puntuaciones insatisfactorias en la
ensefianza, pero también tenian un menor gasto publico. Por lo tanto, en este estudio nos centramos
en el gasto publico en la educacion brasilefia. Y los resultados muestran el grado de eficiencia en gasto
publico y resultados educativos, utilizando varias variables y periodos de tiempo.

Palabras clave:

gestion publica, educacion, analisis envolvente de datos, eficiencia de costos.

Resumo:

Este trabalho tem como objetivo demonstrar o grau de eficiéncia alcancado pelos estados brasileiros na
alocacao de recursos publicos para educacdo. Para isso, foi aplicada a analise estatistica multivariada,
com analise envoltéria de dados e regres-sdo multipla, para dados da educac¢do brasileira de 2001
a 2011. Os resultados mostram que alguns estados alcancaram boas eficiéncias, como Minas Gerais
e Rio Grande do Sul. Esses estados conseguiram conciliar despesas razoaveis com bons resultados
em avaliacdes e testes educacionais. Maranhdo e Para apresentaram pontuacdes insatisfatérias no
ensino, mas também orcamentos mais baixos da despesa publica. Assim, com foco na Educac¢do Publica
Brasileira, os resultados mostram o grau de eficiéncia em gastos publicos e resultados educacionais,
usando varias variaveis e periodos de tempo.

Palavras-chave:
gestdo publica, Educacdo, Andlise Envoltoria de Dados, Eficiéncia dos custos.

1. Introduction

The current development level of democratic principles and citizenship requires a review of how
information on the activities of the public sector are disclosed to citizens. Citizen participation will shortly
rise to a level where the mere control and checks for compliance to the laws will no longer be sufficient
to meet the information needs.

In this context, the search for information on performance becomes a reality for which the public
sector must be prepared. There is a gap in the disclosure of information on public management and its
effective performance appraisal. Links are necessary to enable conclusions on the management of public
resources and human and social development. And the development of new scientific methods can help
improve the process of disclosing evidence-based results and of social control.

This study proposes a form of measuring and evaluating the results obtained with the allocation of public
funds to education. The general objective of this work is to assess the degree of efficiency achieved by
the Brazilian states in allocating public funds to education.

Nowadays, governments around the world are emphasizing the importance of education. In addition, the
expansion of societies is partially explained by the accumulation of human capital, mainly provided by
education. Increase the efficiency level of education spending has become a goal in government programs
in several countries. At the same time, education systems are subject to measures intended to contain
expenditure and improving educational outcomes (Giménez, Prior & Thieme, 2007).

On the same side, there is a lack in the academic literature of studies in management and accounting,
focusing on education efficiency and public expenditure. There are also some gaps on the methods
applied to identify and emphasize efficiency on public expenditure on education. Governments do not
know if the money they are spending on education is having good results. And the academie could
contribute to find new ways to evaluate the public expenditures on education and its results.
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Data Envelopment Analysis (DEA) is a technique that could help to evaluate efficiency of public
expenditure on education, because the technique is based on linear programming designed to measure
the performance of Decision Making Units (DMU). Thus, DEA aims to know the Decision Making Units
(DMU), which are able to maximize the production of outputs with a certain level of inputs. The method
also allows minimizing the supply of inputs, keeping the quantity of outputs constant. The results can be
compared to an efficiency frontier formed by the best practices of their peers.

2. Literature review

2.1 Previous studies on the performance of education expenditures

Gupta and Verhoeven (2001) assessed the efficiency of public spending on education and health in a
sample of 37 African countries in the period of 1984 to 1995, compared with each other and, then,
compared with Asian and Western countries using the FDH method, which is a little different from the
DEA method.

Afonso and Aubyn (2005) conducted a comparative study on the efficiency of health and education sectors
based on a sample of member countries of the Organization for Economic Co-operation Development
(OECD) and applied the DEA ad FDH methods.

The Agasisti's study (2011) also used the DEA method and the OECD's datasets. The study focused on the
analysis of efficiency of higher education systems in European countries. Agasisti (2011) used as inputs
the public spending (as a percentage of GDP), the rate of admission of students to higher education
institutions, and the student-teacher ratio and, as outputs, the percentage of population aged 25 to
34 years with a higher education degree, undergraduate enrollment rates, employment rates of the
population between 25 and 64 years old per educational level, and enrollment rate of foreign students.

The studies carried out by Hauner (2008) aimed to find explanations for efficiency differences in the public
sector regarding public spending on health, education and social welfare by the Russian subnational
governments. By employing the DEA method, the author points out that if the less efficient regions
reached the most efficient standards, the outputs could be achieved with about 50 to 70% of the real
public spending.

The research conducted by Zoghbi, Mattos, Rocha and Arvate (2011) aimed to evaluate the efficiency of
public expenditure on primary education by municipalities in the state of Sdo Paulo in 2005. The spending
per student in primary education was assumed as an input variable. The output variables were: Age-
Grade Distortion rate, Pass Rate, Brazil Proficiency Index, and the IDEB index, an indicator that is a linear
combination of all these indicators. Their approach also presents a difference in relation to the others:
a section where the municipalities were grouped by Administrative Regions, another by population size,
another by GDP size, and a last one in which they were grouped according to the political party of the
municipal manager.

Other scientific works (Agasisti & Johnes, 2009; Agasisti, 2011) were directed to the analysis of the
efficiency of universities, from a cross-country perspective. The vast majority of these works were
performed at universities in Europe. There is a lack of literature in South America in this field.

And Data Envelopment Analysis was developed by Charnes, Cooper and Rhodes (1978), based on the
ideas from Farrell (1957), in the seminal work «Measuring the efficiency of decision making units». The
authors applied linear programming to estimate an empirical production technology frontier for the first
time. And Rhodes, and his doctoral thesis, applied Data Envelopment Analysis to evaluate education.

2.2 Data Envelopment Analysis in studies on education expenditures

Data Envelopment Analysis (DEA) is a technique based on linear programming designed to measure the
performance of decision-making units (Senra, Nanci, Soares de Mello & Angulo-Meza, 2007). The concept
of efficiency usually considered in DEA is the best form of converting inputs to products or outputs. Such
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outputs, or results, are related to the operational scale and management capacity of a decision-making
unit (DMU), taking into consideration its production frontier. Thus, the efficiency frontier is empirically
estimated based on the analyzed DMUs (Joro & Korhonen, 2015). Agasisti (2014) summarizes the technical
efficiency measured by DEA as the capacity of a DMU in producing outputs, considering the existing inputs
constraints.

In addition to the existing convexity, the DEA model usually assigns weights freely to each input or output
so as to maximize the DMUs' productivity (Agasisti, 2011). The weights used are converted into a single
virtual input or virtual output. The reason of both these items result in the efficiency associated to the
DMU. The result of the virtual input or output determines the DMU's relative efficiency. The technique
used is an attempt to find the best virtual unit for each real unit (Aristovnik & Obadic, 2014).

By adapting the DEA model proposed by Cuellar (2014) to the Brazilian regions analyzed in this study, we
could consider the example of analysis of four regions (i = A, B, C, D), using one input xi to deliver two
outputs y1, iand y2, i. Table 1 illustrates the example.

Table 1. DEA modelling

Region A Xy .4 2,4
Region B Xp ).B 2.B
Region C Xc Ji.c eNe
Region D Xp JLD YD

Source: adapted from Cuellar (2014).

Assuming that the country regions have the same amount of inputs (x4 = Xg = Xc = Xp ), region A is more

specialized in (or is more focused on) in the production of output 1, while region B is it in the production
of output 2 (v1,4 > Yo Y1.8 <Y28)- Region C produces a mix of outputs, but it does not produce as much

as the specialized regions (15 <Y1c <Y1.4 Y24 <Y2c <Y28 ). Finally, region D also has a mix of outputs
similar to region C, but the performance of region D is lower (y1 p <y7.¢ Y2p <Y¥2c) (Cuellar, 2014).

In the case of region D, we assume that it wants to produce outputs in the same level as of y; p and y,p .
So, the aim is to determine the potential outputs (Ey; p and Ey, p), where E is the expansion factor) that
region D can reach. It can achieve such efficiency if it adopts efficient peers’ practices. In this regard, the
main goal is to maximize the expansion factor of region D ¢ . To do this, it is necessary to consider the
split of its inputs in its own practices and to copy the behavior of the other three regions to produce the
outputs. This can be represented by the input constraint, where 4, 4, 4, € [0.1] are the intensities (weights)
in copying the behavior of other regions. And all together they must be equal to or less than the input
available for region D (xp ). On the other hand, the output constraints show that the weighted sum of
the output must be equal to or greater than the potential output. In this case, the input allocation must
deliver Ay i+ A5+ 2w.c+ Ag1.p OF OULPUL Aus i+ 2035+ Ay e+ Agon OF OUtpUt 2, which can be expanded at factor ¢
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. Finally, the a+,+ 4+ 2,=1 constraint is imposed to allow the frontier convexity, taking into consideration
the variable returns to scale (Cuellar, 2014).

The linear programming problem to find the optimum expansion factor for region D and its corresponding
weights can be described as follows:

Max, , & (2.1)

Subjected to:
Ay + Aoxg + Agxe + Agxp < xp
Anat 2o s+ A C+’14:ylﬂ—5y1

ADratAn gt As ot Ao p=
M+ +A+A=1
Au Ay Ay A2 0

ﬁﬂﬁﬁﬁ
DRGNS

The expansion factor e measures the distance between the D’s production and the efficiency frontier,
which is defined by the linear combination that envelops the efficient countries. If ¢*>1 means that the

country in question is within the frontier (i.e. is it inefficient), while ¢* =1 means that the country is on

the frontier (i.e. is efficient). The 1, value reflects the weights used in the programming to calculate the
location of the inefficient region (Cuellar, 2014).

By expanding the linear programming into (2.1), we have i= 1, ..., n regions, j=1, ..., kinputs,and r = 1,...,
m outputs, the model for a D country:

Max,, ¢ (2.7)

Subjected to:

> XA Sx, (2.8)
z;yn—& > EV,p (2.9)
A =1 (2.10)

4,20 (2.11)
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Finally, output-oriented efficiency scores are defined by the inverse value of the expansion factor of the
benchmarking problem presented by equations (2.7) to (2.11), @ = 1/g (Cuellar, 2014).

The linear programming problem, according to equations (2.7) to (2.11), is output-oriented. This means
that inputs are fixed to accomplish potential outputs. When it is input-oriented, outputs would be fixed
to evidence potential inputs, as described in the following linear programming problem:

Max, 0) (2.12)

Subjected to:

Zil ‘xjf/li < (I)ij (2.13)

Vi 2 Vi (2.14)

2 =1 (2.15)
2,>0 (2.16)

1

Notice that factor @ was included in the inputs, while the outputs are fixed. This means that the linear
programing seeks for the factor @, which allows to reduce the inputs to a certain level of outputs. This
model is used to determine the wasted resources to achieve certain levels of output (Cuellar, 2014).

The efficiency frontier is empirically estimated based on the analyzed DMUs (Joro & Korhonen, 2015).
Agasisti (2014) summarizes the technical efficiency measured by DEA as the capacity of a DMU in
producing outputs, considering the existing inputs constraints.

3. Research method

3.1. Dataset and method of analysis

The present study is conducted with data of budget execution and the indicators’ results for 2001 to
2011. For comparison purposes, analyses were carried out including, in addition to the data of budget
execution, the values relating to the states’ Gross Domestic Product. The 11-year period of analysis is
justified by the fact that it allows to extend the time span required for the investment returns and avoids
making short-term comparisons.

In a first analysis, data on the Education budget were used as expenditure per capita, dividing the amounts
spent in education by the total population of the states; then, as a second form of analysis, by the number
of students enrolled in the secondary school.

Data on the population of each state were obtained on the IBGE's website, which carries out census every
ten years: the last two censuses were in 2010 and 2000. To define the population figure in the years not

PDF generated from XML Redalyc JATS4R
Project academic non-profit, developed under the open access initiative



CONTABILIDAD Y NEGOCIOS, 2017, 12(23), ISSN: 1992-1896 / 2221-724X

covered by the IBGE censuses, i.e. from 2001 to 2009, as well as in 2011, it was estimated by geometric
progression between the difference of both censuses (2000 and 2010).

The second part of data collection was focused on data relating to results indicators.

When obtaining the education expenditures index per capita (either per inhabitant or per student
attending the secondary school) and the results indicators, the efficiency of allocation of public spending
would be determined for the established period using the method of data analysis.

To conduct this survey, the DEA method is used to make comparisons on the efficiency of production
units, called DMUs, which employ similar processes to transform multiple inputs into multiple outputs.
So, by allowing that various perspectives on the understanding of inputs and outputs are grouped into a
single indicator, this technique appraises the efficiency of operational units, which allows a perception of
the relative organizational performance (Macedo, Casa Nova & Almeida, 2009).

Concerning the model orientation, the option is for the outputs-oriented model. Macedo, Casa Nova
and Almeida (2009) understand that the choice for the inputs-oriented model should be made whenever
outputs are not controllable by managers. In the rationale developed in this study, the outputs achieved
can be improved by an adequate application of resources in education (input variable), although they are
not an exclusive effect of this variable. Furthermore, the dynamics of the public resources management,
whose objective is not the profits made every year, but the simultaneous application of the resources
obtained, offers a direction to the understanding that inputs should not be reduced, but better results
should be achieved from the resources used.

3.2. Variables and research stages

The form of resources management in Brazil, which is shared by different levels of the public
administration of our federalist structure, also has limitations regarding the educational areas that can
be assessed, since the states are responsible for the public provision of access to secondary and primary
education, but do not have exclusivity regarding the latter.

Based on these considerations, the present study aims to expand the analyses to four-year results (2005,
2007, 2009 and 2011) using the input and output variables, as described in Table 2.

In this way, different aspects of analysis are considered to allow for more robust conclusions on the
performance of the DMUs studied and to reduce the effects of a unilateral view of the subject. The
«payback» time of expenditures and their conversion into results is also reduced when the calculations
for each different period considered are made.

The IPCA (Broad Consumer Price Index) was used for monetary correction. For adjustment of the financial
amounts as a result of monetary correction of the same fiscal year, the average adjustment factor, as
expressed by Eqg. 1, is used, as follows:

Eq. 1:
Average factor = [1+(IPCA/100)]"*

After the monetary adjustment, the adjusted values are proportionally adjusted to the size of the
population in each state and the number of students attending the secondary school, and thus the
indicator of per capita spending in education and culture, the GDP per capita, and the spending per
secondary school student made by the Brazilian states are obtained.
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On the IBGE website, one can find the population data in each of the censuses made. As in the period of
this study the count of the population was only carried out in 2010, and the previous one in 2000, it was
possible to estimate the population in the other periods of time using the following formula:

Eq. 2:
Growth factor = (POP2010/POP2000)1°

Table 2. Division of analysis on the efficiency of Brazilian states

1 | Input | Average per capita spending on education and culture.

Note: Mean spending value is an estimate based on the total spending in education and culture divided by the state popu-
lation. Calculation of the mean value is made considering the expenditures of the last 5, 4, 3, 2 and 1 years.

Output | Grades scored by first-year primary education students according to the National System for Evaluation of Primary Edu-
cation (SAEB.)

Grades scored by students at the final years of the primary education according to SAEB.

Grades scored by secondary students according to SAEB.

Premises: results imputed by both exclusive and shared obligations in education provision.

2 | Input | Mean spending value in education and culture per student enrolled in the secondary school

Note: the mean spending value is an estimate based on the total spending in education divided by the number of students
enrolled in the secondary school. Calculation of the mean value is made considering the expenditures of the last 3, 2 and
1 year.

Outpur | Grades scored by the students of secondary school according to SAEB.

Premises: results imputed only by exclusive obligations in education provision.

3 | Input | Mean per capira expenditure in education and culture.
Mean GDP per capiza.

Note: the mean expenditure is an estimate based on the total expenditure on education divided by the state population.
Calculation of the mean value considers the expenditures of the last 5, 4, 3, 2 and 1 year.

Output | Grades scored by students of the first years of primary school according to SAEB
Grades scored by students of the final years of secondary school according to SAEB.
Grades scored by secondary school students according to SAEB.

Premises: results imputed by both exclusive and shared obligations in education provision; influence of the wealth level on the results

artained by the states.
4 | Input Mean expenditure in education and culture per student of secondary school.
Mean GDP per capiza.

Note: the mean expenditure is an estimate based on the total amount spent in education divided by the number of stu-

dents enrolled at the secondary school. Calculation of the mean value considers the last 3, 2 and lyear.

Output | Grades scored by the secondary school students according to SAEB.

Premises: results imputed by exclusive and shared obligations in education provision; influence of the wealth level on the results
attained by the states.

SDI.I.I'CC: dC\’CIUP‘Cd by ‘hC aurJ'mrs.

The monetary correction indices are applied to the data relating to budget expenditures, and the per
capita annual spending with education and culture of each Brazilian state is obtained from the data on
the population and population growth factor.

In order to mitigate the effects of choosing just one period for the comparison of expenditures and results,
the efficiency indicators for each year were calculated based on the SAEB s education assessment, using
the respective year and average of the last periods, considering a period of time of 1 to 5 years. So,
for 2005, for instance, the calculation was made considering the per capita expenditures of this year;
afterwards, the aver- age expenditure in 2005 and 2004; then, the average expenditure of 2005, 2004 and
2003; and so on, until adjusting the calculation to the average expenditures in the last five years.
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For the analyses that are limited to the states' expenditures and results for the secondary education, the
total spending in education was considered, given that there are not sufficient and reliable data for all
Brazilian states about the expenditures on the sub-function «Secondary school», and this total is divided
by the total number of students enrolled in the secondary school in each year. So, the efficiency indicator
was calculated using as the input variable the average spending per student of the secondary school
in the last three years, the average spending in the last two years, and the spending in the year of the
education assessment.

The output variables are the average grades given to the public educational network in the Brazilian states
at each SAEB's assessment, starting in 2005. This assessment is carried out biennially, so the data used
are those of 2005, 2007, 2009 and 2011.

The efficiency indicator of each Brazilian state (DMU) is calculated using the DEA method, adopting the
BCC model, with output-oriented returns of variable scales.

The resolution of the set of equations is made by computerized programs. In this research, we used the
SIAD (Integrated Decision Support System) to calculate the results of the classical DEA models (efficiencies,
weights, targets, benchmarks and allowances).

4. Analysis and results

Fig. 1 illustrates the differences between the expenditures in education of each state, monetarily corrected
by the IPCA index, in the period analyzed. Each line shows the range of per capita public spending in
education and culture in the period and provides the notion of minimum and maximum spending in one
year over the period considered.

Some states such as Acre, Amap4, Distrito Federal and Sdo Paulo occupy a prominent position for having
realized above-average per capita expenditures compared to the other states.

At the bottom area of Fig. 1 are the states that spent approximately half the per capita values spent by
the abovementioned states, or even less: Alagoas, Bahia, Maranhdo, Para, Pernambuco, and Piaui.

Other factor to be mentioned is the variation of expenditures between one year and another. Some states
exhibited a greater constancy of per capita spending in education and culture, with low variations between
the highest and lowest value in the period under study, such as Santa Catarina (R$ 65), Alagoas (R$ 87),
Bahia (R$ 88) and Goias (R$ 91).

On the other hand, there are states with a high expenditure variation: Parana (R$ 325), Amapa (R$ 376),
Acre (R$ 384), Roraima (R$ 421), and Distrito Federal (Federal District) (with impressive R$ 841). The states
with higher variations, except Parana, are part of the group with the highest spending in the period.

Fig. 2 shows the values, already monetarily corrected, of the GDP per capita of the Brazilian states, showing
the minimum and maximum value in the period.
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The GDP per capita of Distrito Federal, which ranged from R$ 45,890 to R$ 64,571 in the period, exceeds
by far the GDP of any other state. Among these states, are the following, in sequence: Sao Paulo, Rio de

Fig. 2. GDP per capita per year of Brazilian states between 2001 and 2011 (in R$).
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Source: Developed by the authors, based on data provided by IBGE.

Janeiro, Rio Grande do Sul, Santa Catarina, Parana, Espirito Santo and Mato Grosso.

On the other hand, the states that had the lowest annual values of GDP per capita for the whole period
considered were: Piaui, Maranhao, Alagoas, Paraiba, Ceara, Para and Rio Grande do Norte. Except Para, all
states with the lowest annual GDP per capita and also with the lowest values of expenditures in education

and culture are located in the Northeast region of Brazil.
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4.1. Primary education and secondary education, with gdp per capita

This stage of analysis resumes the premise that the priority of the states comprises the primary and
secondary education. It uses as an input variable the GDP per capita of each state, as a way to represent
the economic activity and wealth produced, which may have effects on the outputs.

Table 3 shows the efficiency indicators of the model, carried out using the SIAD software. In this model, the
outputs are made up of the results of three educational levels assessed by INEP. As inputs, the spending
per capita as well as the GDP per capita are considered, and the mean values are calculated considering
the period of one to five years prior to the year when the education assessment was carried out.

According to Cavalcante and Macedo (2011), the increase in the number of variables can make that more
DMUs are located on the efficiency frontier. Notice that in this model there are always more than seven
states with maximum efficiency, which increases the number of components in the first quartile (blank
on the Table) and diminishes the number of components of the two central quartiles.

In addition to the states already cited as efficient according to the model without the GNP per capita
variable (Minas Gerais, Rio Grande do Sul and Maranhao), Ceara and Piaui always scored 1.00 too and
were between the most efficient DMUs. Maranhdo, Ceara and Piaui, in the introductory section of analysis,
stood out because of the lower availability of funds for education, combined with the fact that they
are among the lowest GNP per capita in the country. Ceara has a greater amount of resources spent in
education, when compared to the other two states, but is also among the states with the lowest GDP
per capita.

Amazonas, Mato Grosso and Rio de Janeiro were permanently among the least efficient states. Amapa
and Goias were among the lowest indicators of efficiency in three of four segments.

Table 4 describes the statistical results, applied to the most efficient units, obtained when using as input
variables the annual expenditures per capita in education and the GDP per capita, in the period from one
to five years prior to the respective education assessments, correlated with the results of the assessments
for the first grades of primary school, last grades of primary school and secondary school.

Unlike the regression analysis applied to the first model, where it was not possible to infer conclusions,
the regression analysis applied to the efficient DMUs group for this model, which considers the GNP per
capita as one of the input variables, showed results of higher correlation when the grades attributed in the
assessments of the secondary school (higher R-squared and lower F-value and P-value for the variables)
were considered as output variables.
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Table 3. Efficiency of expenditure in primary and secondary education by the Brazilian states
from 2005 to 2011, considering GDP

059690 | 09701 | 0.9714 [ 09710 | 09689 | 0.9862 | 09658 | D.965E | 09675 | 0.9820
1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.000 | 0.937E | 0.9374 | 09412 | 0.9404 | 0.9385

Ronddnia 09628 | 0.9787 | 0.9742 | 09743 | 0.9683 | 0.9624 | 09638 | D.9646 | 0.9709 | 0.9685
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Bahia L0000 | 10000 | 10000 | 10000 | 10000 | 05701 | 05730 | 09811 | 10000 | 009826

Mato Grosso do Sal L0000 | LO00F | L0000 | L0000 | L0000 | L0000 | L0000 | L0000 | L0000 | 10000
Minas Cerais L0000 | LO00F | L0000 | L0000 | L0000 | L0000 | L0000 | L0000 | L0000 | 10000
Tard 1.0000 | 1.0000 | 1.0000 | D000 | 10000 | O94R6 | OU9¢36 | 09410 | 0U9€E63 | 09773
Paraiba 09912 | 0587 | 09873 | 00838 | 09757 | OUG66 | 00680 | 09706 | 09747 QL9772
TParani 0.9897 | 0.5897 | 0.9857 | 09897 | 09897 | OGFI | 09673 | 05673 | L9673 | 09673
Pernambuo 09803 | 09721 | 09506 | 09435 | 09389 | 0497 | 09442 | 09442 | U417 | DU9472
Piaui 10000 | 10000 | 10000 | 10000 | 10000 | L0000 | L0000 | L0000 | L0000 | 10000

Rio Grande do Narte 09445 | 0.9446 | 09455 | D484 | 09€91 | 09323 | 09360 | 09387 | OU€06 | 09436

Rio Grande do Sul 10000 1.0000 10000 1000 10000 10000 1.0eDH03 10D00 | 10000 | 1000
Rondémia 05986 1.0000 1.0000 | 09982 | 09937 | 09747 | 09731 09710 | 09710 | D9G54
o o O o A
Santa Cagarina 05603 | 09603 | 09603 | 05903 | 05903 1000 100N L R ]
Sao Paula 059418 | 059418 | 05418 | 0.941E | 0941E | 09539 | 09539 | 09559 | 09530 | 09539
S

Tocantins 0.9425 0.9436 03419 09408 0.9745 0.9746 09742 | 09783 | 09860
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Table 4. Statistical results for regression of the efficient DMUs group contained in Table 3

P-Valocint 0.0005 | 0.0000 | 0.0000 | 00002 | 0.0001 | 0.0004 | 0.0011 | 00001 | 0.0000 | 00019 | 0.0006 | 00006
| PValue Var X1 | 0.2755 | 0.7068 | 0.0799 | 0.5132 | 0.7643 | 0.8286 | 0.6637 | 0.3656 | 0.0969 | 0.8310 | 0.6803 | 0.2400
| PValeeVar X2 [ 00109 | 00157 | 0.0033 | 07261 | 0.6433 | 0.4394 | 0.0924 | 0.0189 | 0.0005 | 0.0477 | 0.0659 | 0.0106
I 00091 | 08330 | 0.9493 | 07467 | 0.6448 | 0.7549 | 0.8004 | 09053 | 0.9837 | 08625 | nr4ss [0mizs
S 1 Somared DEZE4 | 06938 | 09011 | 0.5576 | 0.4157 | 0.5698 | 0.6407 | 0.8195 | 0.9676 | 0.7439 | 07147 | 0977
F-Vahue 00052 | 0.0287 | 00010 | 0.1302 | 02600 | 0.1214 | 0.0464 | 0.0059 | 0.0000 | 0.0656 | 0.0814 | 0.0105
[ 0.0007 | 0.0001 | 0.0001 | 0.0003 | 0.0002 | 0.0007 | 0.0001 | 0.0000 | 0.0000 | 0.0014 | 0.0004 | 0.0005
| PValueVar X1 | 07183 | 0.9456 | 0.1789 | 0.7250 | 0.9962 | 0.902% | 0.6890 | 0.7521 | 0.0400 | 0.9779 | 0.7559 | 0.3190
| PValueVar X2 | 00135 | 00448 | 0.0073 | 0.5459 | 0.4538 | 0.3053 | 0.0806 | 0.0064 | 0.0001 | 0.0429 | 0.0633 [ 0.0113
r 0.9130 | 08384 | 0.9405 | 07423 | 0.6395 | 0.7516 | 07991 | 0.9046 | 0.9836 | 0.8639 | 0457 [ 00483
| R-Squarad 0B334 | 0.7030 | 0:8845 | 0.5511 | 0.4090 | 0.5650 | 0.6385 | 0.8184 | 0.9675 | 0.7464 | 07153 | 0.EI55
N Fvik- 00046 | 0.0262 | 00015 | 0.1350 | 0.2685 | 0.1248 | 0.0472 | 0.0060 | 0.0000 | 0.0643 | 0.0811 | oumiog
P-Walucint 0.0005 | 0.0001 | 0.0001 | 00002 | 0.0001 | 0.0004 | 0.0001 | 0.0000 | 0.0000 | 00016 | 0.0005 | 00006
| PValue Var X1 | 07633 | 0.7442 | 0.2845 [ 07119 [ 0.9245 [ 0.8300 | 0.9790 | 0.8235 | 0.0474 | 0.9614 | 0.5005 | 0.3808
[ PValeeVar X2 | 00097 | 0.0257 | 00070 | 05111 | 04122 | 02493 | 0.0428 | 0.0073 | 0.0001 | 0.0241 | 0.0496 | 0.0080
|r 09177 | 08716 | 09371 | 07494 | 06406 | 07511 | 07710 09002 | 0.9844 [ 08676 | 032y [0msm
0e422 | 07597 | 08782 | 05617 | 04104 | 0.5641 | 05944 | 02103 | 09600 | 07527 | 07271 | nunees
00037 | 0.0139 | 00018 | 0.1272 | 02660 | 0.1254 | 0.1645 | 0.0260 | 0.0010 | 0.0304 | 0.0389 | 0.0027
D.0004 | 0.0000 | 0.0001 | 00001 | 0.0001 | 0.0003 | 0.0012 | 0.0003 | 0.0000 | 0.0005 | 0.0001 | 0.0001
D.E454 | 0.3109 | 0.378% | 06364 | 0.9409 | 08831 [0.8416] 07834 | 01424 07500 | 04020 [ 02860
DAISE | 00077 | 00048 | 0.5525 | 04153 | 0.2656 | 0.1344 | 0.0517 | 0.0027 | 0.0183 | 0.0302 | 0.0021
09250 | DLEFTD | 09309 | 07472 | 06580 | 0.7545 | 0.7E98 | 0.905% | 0.9794 | 0.8784 | OLESFT | 09625
08555 | 07706 | 0:8665 | 0.5582 | 0.4330 | 0.5693 | 06237 | 08207 | 0.9593 | 07716 | 07357 | nozss
: 00030 | 00121 | 00024 | 0.1951 | 03215 | 0.1855 | 0.0868 | 0.0136 | 0.0003 | 0.0522 | 0.0698 | 00054
| P-Value int D.0003 | 0.0000 | 0.0001 | L0005 | 0.0002 | 0.0011 | 0.0004 | 0.0000 | 0.0000 | 0.0016 | 0.0005 | 0.0004
| PValue Var X1 [ 0.4943 | 0.2835 | 0.6775 | 07365 | 0.7390 | 0.7374 | 09012 | 0.6909 | 0.2713 | 08783 | n.6700 [ 0.2064
| PValue Var X2 | 0.0034 [ 0.0050 | 00022 | 0.4551 [0.3024 | 0.2151 | 0.0746 | 0.0214 | 0.0008 [ 0.0275 | 0.0421 | 0.0030
Source: Prepased by the authoes based am the mseardh data.
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Table 5. Efficiency of expenditures on education in Brazilian states for the secondary school results
from 20405 to 2011, considering GDP

Rio Grande do Norte | 09039 | 0.8916 | 0LESG] | 0.9081 | 0.9067 | 0.9057 | 09300 | 0.9340 | 09322 | 0.9381 | 0.9399 | 09412

Rio Grande da Sul 10000 | 10000 | 10000 | L0000 (10000 | 1.0000 | 1.0000 | 10000 | 10000 | 09865 | D.9865 | 09865
Rondimia 09624 | 09580 | 0L9507 | 09561 | 09620 | 0.9594 | 1.0000 | 09962 | 09937 | 09676 | 09674 | 09605

Fraima 0.9675 | 0.9746 | 09712 | 0.E950 | 0.8947 | 0.8mdE | 09325 | 09540 | 09308 | 0.9409 | 0.9490 | 0.9555
704 1.0000 | 0.9993 | 1.0000

Toantins 03 | 0.8597 | 0.6887
Souree: Prepared by the authors, hased on the resmnch dam.

The results are consistent with the fact that this educational level is an exclusive obligation of the states,
while the other educational levels studied here are the states’ responsibility but in conjunction with the
municipalities.

4.2. Secondary education, exclusively, and gdp per capita

The last stage of the analysis considers, just as in the second stage, only the exclusive obligation of the
states in education: the secondary school. To the approach presented in the second stage, the states’
wealth variable is added, including the GDP per capita to the inputs.

Table 5 shows the efficiency indicators as calculated for the fourth model. As input variables it was used
the estimate (restriction on the financial statements of part of the states) of the average spending per
student of the secondary school, obtained by dividing the total expenditure in education by the number of
students enrolled in the secondary school in each year, and the average GDP per capita of the same period
in which the information on education expenditures (one to three years) were appropriated. The output
variables comprise the results of secondary education, according to assessments conducted by INEP.

In the assessment of the results of the secondary school only and with the addition of the wealth variable,
only two states attained maximum efficiency in all segments of time considered: Ceara and Rio Grande
do Sul. The states of Minas Gerais, Maranhado and Piaui also are at a top position, particularly in the upper
quartile, as occurred in the previous model.
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Likewise, Amazonas, Mato Grosso and Rio de Janeiro were always among the least efficient states. Goias,
again, was one of the least efficient states in three or four time periods (2005, 2007 and 2009).

Table 6 presents the statistical results applied to the most efficient DMUs group, obtained when using as
input variables the annual average expenditures in education per student of the secondary school and
the GDP per capita of the period from one to three years prior to the respective education assessments,
correlated to the results of the assessments of the secondary school.

Table 6. Statistical results for the regression

analysis of the efficient DMUs group indicated
on Table 5

R 0.9727 | 0.7794 | 0.9885 | 0.9494
R-Squared 0.9461 | 0.6075 | 0.9772 | 0.9014
F-Value 0.0029 | 0.0965 | 0.0005 | 0.0097
P-Value int 0.0005 | 0.0002 | 0.0000 | 0.0002

P-Value Var X1 0.2344 | 0.6127 | 0.1377 | 0.3284
P-Value Var X2 | 0.0092 | 0.2882 | 0.0017 | 0.0244

R 0.9902 | 0.7915 | 0.9869 | 0.9479
R-5quared 0.9805 | 0.6265 | 0.9739 | 0.8985
F-Value 0.0004 | 0.1395 | 0.0007 | 0.0103
P-Value int 0.0001 | 0.0005 | 0.0000 | 0.0002

P-Value Var X1 0.0231 | 0.4993 | 0.0962 | 0.4268
P-Value Var X2 | 0.0022 | 0.2580 | 0.0067 | 0.0176

R 0.9921 | 0.8297 | 0.9827 | 0.9609
R-5quared 0.9843 | 0.6885 | 0.9658 | 0.9233
F-Value 0.0002 | 0.0970 | 0.0012 | 0.0059
P-Value int 0.0002 | 0.0002 | 0.0000 | 0.0001

P-Value Var X1 0.0137 | 0.3022 | 0.2296 | 0.2285
P-Value Var X2 0.0007 | 0.1388 | 0.0056 | 0.0120
Source: Prepared by the authors, based on the rescarch data.

It can be seen that this is the group with the best statistical results. The result of the group of DMUs in
2007 was a little lower due to the presence of the Distrito Federal, which is among the most efficient
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DMUs only in this year and which data always fall outside the standard values (large expenditures and
high GDP per capita)

Final considerations

This study was carried out in four distinct and complementary stages aiming at expanding the possibilities
of analysis and allowing more robust conclusions. This work had the objective to demonstrate the
efficiency degree achieved by the Brazilian states in the allocation of public resources for education. We
used multivariate statistical analysis methods, called Data Envelopment Analysis and Multiple Regression,
with data from 2001 to 2011. The results showed that some states achieved good efficiencies such
as Minas Gerais and Rio Grande do Sul. These states succeeded in conciliating reasonable expenses
with good scores in education assessments and tests. Maranhdo and Para had unsatisfactory scores in
teaching, but also lower budgets of public expenditure. Thus, focusing on Brazilian Public Education, the
results show the efficiency degree in public spending and education outcomes, using several variables
and time periods.

So, this study contributed to the literature about public expenditure in education in Brazil. It was possible
to observe different aspects, according to the changes of variables in the study, repeated for different
periods in the timeline defined by the research.

According to what was observed, only the state of Rio Grande do Sul was always in the upper quartile in
all years and models of analysis, although it was not always on the efficiency frontier (efficiency = 1.00).

Minas Gerais also stood out and was outside the upper quartile only when the expenditures per student
of second school and the GDP per capita and the results of the education assessments in 2009 were
compared, considering the period of three years. These two states are at the top position primarily
because they had excellent scores in INEP's assessments. Except for the second school assessment of
Minas Gerais in 2009 and the first grades of primary school in Rio Grande do Sul in 2011 (both at the
6th position in the ranking), these states were always among the five best states in the country as to all
educational levels and periods of time studied.

Other two states that were among the best ones, although less often, were Maranhdo and Para. However,
their efficiency is due more to low expenditure, because the scores given by INEP assessments were never
been expressive and their results among the poorest scores is constant.

Still regarding the best efficiency indices, the tables also converge in some major points in a given period:
Pernambuco in the 2005 assessments; Distrito Federal in 2007; Bahia in 2009; and Mato Grosso do Sul
and Santa Catarina in 2011.

The state of Pernambuco increased expenditures in education in the most recent periods, but has not
yet succeeded in improving their results in education assessments accordingly. It was among the most
efficient in 2005 due to low spending: until 2006 it was the state with the lower per capita spending in
education.

Distrito Federal always scored good results in the education assessments. However, it is also one of the
states with the highest expenditures per capita and the highest GDP per capita. The fact that it was among
the most efficient in 2007 only was due to the fact that it achieved the best grades in secondary school
in this year, combined with a «lower cost», due to the fact that between 2003 and 2007, the fiscal period
considered for the 2007 financial statement, the Distrito Federal had lower per capita expenditures than
three or four other states.

As for Mato Grosso do Sul and Santa Catarina, both states have similar characteristics: neither high nor
low expenditures in education, combined with good education assessments (predominantly among the
top five and never below the ten states with the best scores in the assessments). In 2011, both states
indicated an optimum combination in their diverse educational levels, especially in secondary school,
which place them in an outstanding position in efficiency in the last segment of time under analysis.
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There was no state that was always in the lower quartile among the least efficient DMUs. The states that
were predominantly less efficient are: Amapa, Amazonas, Rio de Janeiro and Sergipe. Rio de Janeiro, in
economic terms, can be compared to Rio Grande do Sul, since it has one of the largest GDP per capita
in the country and reasonable expenditures in education. Sergipe in turn is not different considering the
regional comparison: expenditures in education are higher than the neighboring states, but the scores
attained in education assessments are not consistent with the budget increase, and for this reason it
appears among the less efficient states.

Amapa was always among the five states with the highest expenditures in education per capita, among
the five ones with the worst performances in the primary school and reasonable results for the secondary
school: nothing that could detract it from the concept of inefficiency, considering the amount of funds
allocated.

The neighboring state, Amazonas, did not have such high expenditures and showed some evolution in the
education assessments, especially in secondary school, where it was up from the 26th position in 2005
to the 16th position in 2011; nevertheless, its results are still low when compared to the budget spending
allocated to education.

Future studies could apply this model and this method to different municipalities in Brazil, in order to
analyse public expenditure in education.
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