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ABSTRACT:

This work aims to offer a form of measuring and evaluating the results of 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
Pard 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.

Keywords: Public management; Education; Data envelopment analysis;
Accountability; Cost efficiency.

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.

The form of presentation of results in this study aims to provide unbiased
data and scientific rigor that justify their reliability to any user interested in using
the information disclosed. What is expected is that, when comparing the results
and expenditures over a given period, one can establish considerations on the
efficiency and accountability for the resources allocation.

2 LITERATURE REVIEW
2.1 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 et al., 2007). The concept of efficiency usually considered in DEA is the
best form of converting inputs to products or outputs. Such 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, 2014). 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 DMUSs’ 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 x; to deliver two outputs y; ; and v, ;.
Table 1 illustrates the example.

Table 1 — DEA modelling

Region Input Output 1 Output 2
Region A Xa Y1, A Yo A
Region B Xg Y18 Y2,8
Region C Xc Yic Y2.c
Region D Xp Y10 Y20

Source: adapted from Cuellar (2014).

Assuming that the country regions have the same amount of inputs (xa =
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 (y; A >
Y2 A Y1 B < Y2 8). Region C produces a mix of outputs, but it does not produce as
much as the specialized regions (Y1, 8 < Y1.c < V1. A} Y2, a < Y2, ¢ < Y2 g). Finally,
region D also has a mix of outputs similar to region C, but the performance of
region D is lower (Y1, p <Y1 c; Y20 < Y2 c) (Cuellar, 2014).



In the case of region D, we assume that it wants to produce outputs in the
same level as of y; pandy, p. So, the aim is to determine the potential outputs
(ey1, p and ey, p, Where ¢ 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 Aixa + AoXg + AgXc + AuXp < Xp, Where Ay, Ay,
A3, Ay € [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 A1y; a + 22Y1 8 + AgY1, ¢ + AaYy, p Of
output 1 and Ayz, a + A2Y2 8 + AaY2, ¢ + AgY2, p OF output 2, which can be expanded
at factor €. Finally, the A, + A, + A3 + A, = 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, e 21)
Subjected to:
AiXa T AoXg + AgXc + AaXp < Xp (2.2)
MY, At AaY1 B+ AaY1 ¢+ AgY1 D> €Y1 D (2.3)
MY2, A+ AaY2, 8 + AaY2, ¢+ AYa, D> €Y2 D (2.4)
;\,1+;\,2+}\,3+}\,4:l (25)
M, Ao, A3, A= 0 (2.6)

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 e* > 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 A; 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:
n
Z' 1x]~i )\'i < XD (28)
i=
n
LR 29)
=

Zn 17»i =1 (2.10)

i=
A =0 (2.11)



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), 6 = 1/e (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,,, ¢ (2.12)
Subjected to:

Z;xﬁ A < oxp (2.13)

le}’n’ A Z Yrp (2.14)

1.1 N=1 (2.15)

N >0 (2.16)

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).

2.2 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. Afonso and Aubyn (2006) also analysed
the cross-country efficiency of secondary education provision, using a semi-
parametric analysis with non-discretionary inputs. Some years later, Alexander,
Haug and Jaforullah (2010) used a two-stage double-bootstrap data envelopment
analysis model in order to analyse efficiency differences of New Zealand
secondary schools.

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 et al. (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.

Agasisti (2014) conducted an empirical study using the DEA (VRS
oriented by output), comparing the efficiency of public spending with education
in 20 European countries during the period from 2006 to 2009. The average
ability of 15 years old students is used as an output of the educational process
and, measured by means of the grades of the PISA exam in mathematics in the
2006 and 2009 editions. The expenditure per student in PPP in US $, as a proxy
for the investment destined to education; And the teacher / student ratio as a
proxy for the intensity of the educational process and the human resources
involved in that process were used as input.

Cuellar (2014) covered emerging countries. This study examined the
efficiency of public spending in achieving universality primary education and
quality secondary education. Through the DEA and the FDH (input and output
orientation, with particular attention to the output orientation), he analyzed 15
Latin American countries between 2000 and 2009 (average for the period), based
on data from Unesco, EdStats (World Bank Education Statisticians), and OECD
data. Cuellar (2014) analyzed in particular the characteristics of education in
Colombia and looked for comparing them with their efficient peers, in order to
identify the best practices of these countries.

There is a need for new quantitative models for performance evaluation
and benchmarking (Zhu, 2003). Data Envelopment Analysis help researchers to
evaluate value efficiency approach incorporating preference information (Halme
et al., 1999), improving discrimination in efficiency scales (Podinovski &
Thanassoulis, 2007).

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 the first part of the analysis, we searched for budget execution data on
expenditure reports per function. The reports were obtained from the website of
the National Treasury Secretariat linked to the Ministry of Finance of Brazil. 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 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:



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

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 population. Calculation of the
= mean value is made considering the expenditures of the last 5, 4, 3, 2 and 1
- years.

Grades scored by first-year primary education students according to the
- National System for Evaluation of Primary Education (SAEB.)
= Grades scored by students at the final years of the primary education
g according to SAEB.

Grades scored by secondary students according to SAEB.

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

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.

Output

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

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

Input

Mean per capita expenditure in education and culture.
Mean GDP per capita.

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 attained by the states.

Input

Mean expenditure in education and culture per student of secondary school.
Mean GDP per capita.

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

Source: developed by the authors.




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:

Equation 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.

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:

Equation 2: Growth factor = (POP2010/POP2000) ¥*°

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 average 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.

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

Figure 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.
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Figure 1 - Range of per capita yearly public spending with education and
culture by the Brazilian states between 2001 and 2011 (in R$).
Source: Developed by the authors based on data provided by the National
Treasury Secretariat and IBGE.

Some states such as Acre (AC), Amapa (AM), Distrito Federal (DF) and
S8o Paulo (SP) occupy a prominent position for having realized above-average
per capita expenditures compared to the other states.

At the bottom area of Figure 1 are the states that spent approximately half
the per capita values spent by the abovementioned states, or even less: Alagoas,
Bahia, Maranhdo, Par4, 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 Parand, are part of the group with the highest spending
in the period.

Figure 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.

The GDP per capita of Distrito Federal (DF), 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: S&o Paulo, Rio de Janeiro,
Rio Grande do Sul (RS), Santa Catarina (SC), Parana (PR), Espirito Santo (ES)
and Mato Grosso (MT).
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Figure 2 - GDP per capita per year of Brazilian states between 2001 and
2011 (in R$).
Source: Developed by the authors, based on data provided by IBGE.

On the other hand, the states that had the lowest annual values of GDP
per capita for the whole period considered were: Piaui (Pl), Maranhdo (MA),
Alagoas (AL), Paraiba (PB), Ceara (CE), Pard (PA) and Rio Grande do Norte
(RN). Except Pard (PA), 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.




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.

Table 3 — Efficiency of expenditure in primary and secondary education by
the Brazilian states from 2005 to 2011, considering GDP

2005 2007

5 4 3 2 1 5 4 3 2 1

State year year year year Yyea |year year year year yea
s s s s r s s s s r
Acre 096 0.97 097 097 096|098 0.98 0.98 0.98 0.98

Alagoas 1.00 1.00 1.00 1.00 1.00(/0.93 0.93 0.94 094 0.93
Amapa 091 0.92 0.93 0.93 093|089 0.89 0.89 0.88 0.88
Amazonas | 080 0.80 0.80 0.80 0.80|0.90 090 0.90 0.90 0.90
Bahia 0.98 0.98 0.98 0.97 0.96|0.99 0.97 0.97 0.98 0.98
Ceara 1.00 1.00 100 100 1.00|1.00 1.00 1.00 1.00 1.00
Distrito
Federal 098 0.98 0.98 0.98 0.98|1.00 1.00 1.00 1.00 1.00
Espirito
Santo 1.00 0.99 095 094 0.94|0.93 0.93 0.93 0.93 0.93
Goias 0.89 0.89 0.89 0.90 0.90|0.92 0.92 0.92 0.92 0.92
Maranhdo | 1.00 1.00 1.00 1.00 1.00|1.00 1.00 1.00 1.00 1.00
Mato Grosso | 0.87 0.86 0.85 0.85 0.85|/090 0.90 0.90 0.90 0.90
Mato Grosso
do Sul 0.97 0.97 0.97 0.98 0.99|0.98 0.99 0.99 0.99 0.99
Minas Gerais | 1.00 1.00 1.00 1.00 1.00(1.00 1.00 1.00 1.00 1.00
Para 1.00 1.00 100 1.00 1.00|1.00 0.98 0.98 0.97 0.97
Paraiba 0.97 0.98 0.98 0.98 0.98|0.99 0.99 0.98 0.98 0.98
Parana 1.00 1.00 100 100 1.00(1.00 1.00 1.00 1.00 1.00
Pernambuco | 1.00 1.00 1.00 1.00 1.00|1.00 1.00 1.00 1.00 0.95

Piaui 1.00 1.00 1.00 1.00 1.00|/1.00 1.00 1.00 1.00 1.00
Rio de

Janeiro 0.85 0.85 0.85 0.85 0.85|0.88 0.88 0.88 0.88 0.88
Rio Grande

do Norte 0.92 0.92 0.92 0.92 092|094 094 0.94 0.94 0.94
Rio Grande

do Sul 1.00 1.00 1.00 1.00 1.00|/1.00 1.00 1.00 1.00 1.00

Rondénia | 0.98 097 097 097 096|096 096 0.96 0.97 0.96
Roraima 095 096 096 097 097[0.92 093 093 0.93 0.93
Santa 099 099 0.99 099 0.99|097 0.97 097 097 0097




Catarina

Sdo Paulo [0.89 0.89 0.89 0.89 0.89|0.93 0.93 0.93 0.93 0.93
Sergipe 098 098 099 099 0.99({0.91 0.91 0.91 0.91 0.92
Tocantins | 0.90 090 090 0.90 0.90|0.94 0.94 095 095 0.95
2009 2011
State 5 4 3 2 1 5 4 3 2 1
year year year year Yyea |year year year year Yyea
S S S S r S S S S r
Acre 0.99 099 099 099 0.99|0.97 0.97 0.97 0.98 0.99
Alagoas 0.97 0.97 097 098 0.99(0.93 0.93 0.93 0.93 0.94
Amapa 0.89 0.89 0.90 090 0.90(0.90 0.91 0.92 0.92 0.93
Amazonas |0.89 0.89 0.90 0.90 0.90|0.87 0.87 0.87 0.88 0.88
Bahia 1.00 1.00 1.00 1.00 1.00|0.97 097 0.98 1.00 0.98
Ceara 1.00 1.00 1.00 1.00 1.00|1.00 1.00 1.00 1.00 1.00
Distrito
Federal 0.98 0.98 0.98 0.98 0.98|0.98 0.98 0.98 0.98 0.98
Espirito
Santo 094 094 094 094 0.94(0.92 0.92 0.92 0.92 0.92
Goias 0.92 092 092 092 0.91|0.95 0.95 0.95 0.95 0.95
Maranhdo |1.00 1.00 1.00 098 1.00|1.00 1.00 1.00 1.00 1.00
Mato Grosso | 0.90 0.90 0.90 0.90 0.90|0.88 0.88 0.88 0.88 0.88
Mato Grosso
do Sul 1.00 1.00 1.00 1.00 1.00|1.00 1.00 1.00 1.00 1.00
Minas Gerais | 1.00 1.00 1.00 1.00 1.00|{1.00 1.00 1.00 1.00 1.00
Para 1.00 1.00 1.00 1.00 1.00|0.94 094 0.94 094 0097
Paraiba 0.99 098 0.98 098 097|096 0.96 0.97 0.97 0.97
Parana 0.98 098 0.98 098 098|096 0.96 0.96 0.96 0.96
Pernambuco | 0.98 0.97 095 0.94 0.93|0.94 094 0.94 094 094
Piaui 1.00 100 1.00 1.00 100|100 1.00 1.00 1.00 1.00
Rio de
Janeiro 0.88 0.88 0.88 0.88 0.88|0.89 0.89 0.90 0.90 0.90
Rio Grande
do Norte 094 094 094 094 0.94(0.93 0.93 0.93 0.94 0.94
Rio Grande
do Sul 1.00 1.00 1.00 1.00 1.00|1.00 1.00 1.00 1.00 1.00
Rondbnia 0.99 1.00 1.00 0.99 0.99|097 0.97 097 0.97 0.96
Roraima 0.93 0.93 0.93 0.93 0.93|0.93 0.93 094 0.94 0.95
Santa
Catarina 0.96 096 0.96 096 096|100 1.00 1.00 1.00 1.00
Sdo Paulo [0.94 094 094 094 094|095 0.95 0.95 0.95 0.95
Sergipe 0.92 092 0.93 093 094|091 0.91 092 0.92 0.92
Tocantins | 0.94 094 094 0.94 0.93|0.97 0.97 097 0.97 0.98

Source: Prepared by the authors, based on the research data

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. Amapéa and Goids 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.

Table 4 - Statistical results for regression of the efficient DMUs group
contained in the last Table 3.

Model 3

2005 2007 2009 2011

PS PS PS PS PS PS PS PS
IG FG SS|IG FG SS|IG FG SS|IG FG SS
0.9 0.] 0. 0.] 0.8 0.] 0.8 0.9
R 1 085 94|77 0.67 76 0 091 98 6 084 5
0.8 0.] 0. 0.] 0.6 0.| 0.7 0.9
R-Squared 2 0.72 89|58 0.45 58 5 0.84 96 4 071 O
" 0.0 0.] 0. 0.] 0.0 0.] 0.0 0.0
§ F-Value 0 0.01 00|07 0.15 07 7 0.00 00 6 007 O
u>; P-Value 0.0 0.] 0. 0.] 0.0 0.] 0.0 0.0
int 0 0.00 00| 00 0.00 00 0 0.00 00 0 000 O
P-Value 0.2 0.] 0. 0.] 0.6 0.] 0.8 0.2
Var X1 7 070 07|51 0.76 82 6 0.36 09 3 068 4
P-Value 0.0 0.] 0. 0.] 0.0 0.] 0.0 0.0
Var X2 1 0.01 00|73 0.64 43 9 0.01 00 4 006 1
0.9 0.] 0. 0.] 0.8 0.] 0.8 0.9
R 1 0.83 94|75 0.64 75 0 0.90 98 6 084 4
0.8 0.] 0. 0.] 0.6 0.| 0.7 0.8
» R-Squared 3 069 90|56 0.41 56 4 0.81 96 4 071 9
§ 0.0 0.] 0. 0.] 0.0 0.] 0.0 0.0
: F-Value 0 0.03 00| 13 0.26 12 4 0.00 00 6 0.08 1
P-Value 0.0 0.] 0. 0.] 0.0 0.] 0.0 0.0
int 0 0.00 00| 00 0.00 00 0 0.00 00 0 000 O
P-Value 0.7 0.] 0. 0.] 0.8 0.] 0.9 0.3
| VarX1 1 094 17|72 0.99 90 8 0.75 04 7 075 1




P-Value 0.0 0.| O 0.1 0.0 0.1 0.0 0.0
Var X2 1 004 00|54 048 30| 4 0.00 00 4 006 1
0.9 0.| O 0.| 0.7 0.1 0.8 0.9

R 1 084 94|74 063 75 9 090 98 6 084 4
0.8 0.] 0. 0. 0.6 0.| 0.7 0.8

R-Squared 3 0.70 88|55 0.40 56 3 081 96 4 071 9

- 0.0 0.] 0. 0./ 0.0 0.] 0.0 0.0
s F-Value 0 0.03 00|13 0.26 12 4 0.00 00 6 008 1
;’ P-Value 0.0 0.] 0. 0./ 0.0 0.] 0.0 0.0
int 0 0.00 00| 00 0.00 00 0 0.00 00 0 000 O
P-Value 0.7 0.] 0. 0./ 0.9 0. 0.9 0.3
Var X1 6 074 28|71 092 83 7 082 04 6 080 8
P-Value 0.0 0.] 0. 0./ 0.0 0.] 0.0 0.0
Var X2 1 002 00|51 041 24| 4 0.00 00 3 004 O
0.9 0.] 0. 0. 0.7 0.| 0.8 0.9

R 2 087 93|75 0.64 75 7 090 98 6 08 5
0.8 0. O 0. 05 0.] 0.7 0.9

R-Squared 4 0.76 87|56 0.41 56 9 081 96 5072 0
- 0.0 0. O 0. 01 0.1 0.0 0.0
< F-Value 0 001 00|13 0.26 12 6 0.03 00 3 003 O
:‘ P-Value 0.0 0. O 0.1 0.0 0.1 0.0 0.0
int 0 0.00 00|00 0.00 00 0 0.00 00 0 000 O
P-Value 0.8 0. O 0.] 0.8 0.1 0.7 0.2
Var X1 4 031 37|64 094 88 4 0.78 14 5 049 8
P-Value 0.0 0.| . 0.] 01 0.1 0.0 0.0
Var X2 0 0.01 00|55 041 26 3 0.05 00 1 003 0
0.9 0.] 0. 0. 0.7 0.| 0.8 0.9

R 2 088 93|75 0.65 75 8 0.90 97 7 08 6
0.8 0.] 0. 0. 0.6 0.| 0.7 0.9

R-Squared 5 0.77 86|56 0.43 56 2 082 95 7 073 2
0.0 0.] 0. 0./ 0.0 0.] 0.0 0.0

S F-Value 0 0.01 00|19 0.32 18 8 0.01 00 5 006 O
> P-Value 0.0 0.] 0. 0./ 0.0 0.] 0.0 0.0
int 0 0.00 00| 00 0.00 00 0 0.00 00 0 000 O
P-Value 0.4 0.] 0. 0./ 0.9 0.| 0.8 0.2
Var X1 9 028 67|74 0.73 73 0 0.69 27 7 067 O
P-Value 0.0 0.] 0. 0./ 0.0 0.] 0.0 0.0
Var X2 0 000 00|45 030 21 7 0.02 00 2 004 O

Source: Prepared by the authors based on the research data

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.




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.

Table 5 — Efficiency of expenditures on education in Brazilian states for the
secondary school results from 2005 to 2011, considering GDP

2005 2007 2009 2011

State 3 2 1 3 2 1 3 2 1 3 2 1
yea yea Yyea|yea yea yea|yea yea Yyea|yea yea Yyea

rs rs rs|rs rs rs|rs rs rs|rs rs rs

09 09 09|09 08 09|09 09 09|09 09 09

Acre 2 2 2 8 9 8 8 8 8 5 6 7
09 09 09|09 09 08|09 09 09|09 09 09

Alagoas | 7 7 8 0 0 9 6 7 7 1 2 1
09 09 09/08 08 08|09 09 09|09 09 09

Amapa | 1 1 1 7 6 6 0 0 0 2 2 3
Amazon | 0.7 0.7 07|07 07 07|08 08 08|08 08 0.8
as 4 3 3 7 7 8 3 3 4 6 5 7
09 09 09|09 09 09|10 10 1.0(09 09 09

Bahia 8 7 6 8 9 9 0 0 0 6 7 7
10 10 10|10 10 10|10 10 09|10 10 10

Ceara 0 0 0 0 0 0 0 0 9 0 0 0
Distrito | 09 09 09|10 10 10/08 08 08|09 09 09
Federal | 1 1 1 0 0 0 4 4 4 3 3 3
Espirito | 0.9 ' 08 08 |08 08 08|09 09 09|09 09 09
Santo 0 6 5 4 4 4 0 4 3 1 1 1
08 08 08|08 08 08|08 09 09|09 09 09

Goias 6 6 6 5 5 5 9 0 0 4 4 4
Maranh | 1.0 10 10|10 10 10|09 09 10|10 10 1.0
ao 0 0 0 0 0 0 8 8 0 0 0 0
Mato |08 07 07|08 08 08|08 08 08|08 08 0.8
Grosso 4 9 9 4 4 4 1 4 4 8 8 8
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Source: Prepared by the authors, based on the research data

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, Maranhdo and Piaui also are at a top position, particularly in the
upper quartile, as occurred in the previous model.

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

Model 4

2005 | 2007 | 2009 | 2011
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

3 years

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-Squared 0.9805 | 0.6265 | 0.9739 | 0.8985
F-Value 0.0004 | 0.1395 | 0.0007 | 0.0103

2 years

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-Squared 0.9843 | 0.6885 | 0.9658 | 0.9233
F-Value 0.0002 | 0.0970 | 0.0012 | 0.0059

1 year

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 research data

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 DMUs only in this year and which data
always fall outside the standard values (large expenditures and high GDP per
capita).

CONCLUSION

This study was carried out in four distinct and complementary stages
aiming at expanding the possibilities of analysis and allowing more robust
conclusions. So, 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.

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.
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