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Abstract
This article aims to investigate the spatial effect of the quality of human capital and 
to identify if there is educational spillover from higher education in the proficiencies 
of elementary students. Although the role of geographical aspects has been studied 
in several academic areas, in the literature on the economics of education such stud-
ies are incipient and the few existing contributions use the stock of education as 
the object of analysis. The present study differs by using proficiency as a proxy for 
quality and also by examining the spillover effect of the presence and quality of uni-
versity courses in the area of education. The results indicate a strong spatial depend-
ence, suggesting the spatial dimension influences school performance. On the other 
hand, higher education institutions influence school performance in the municipality 
of origin, but not that of neighboring municipalities.

JEL Classification I21 · I23 · R19

1 Introduction

An effective educational system is among the main objectives of any government 
in pursuit of development and economic growth. Efforts to improve the education 
system are justified by the various benefits education provides in both the individual 
and social fields. Among the benefits for individuals are greater opportunity within 
the labor market and the capacity to generate future income (Murnane et al. 1995; 
Murphy and Peltzman 2004; Menezes-Filho 2001). In turn, society benefits from the 
country’s economic growth and development, more specifically from the decreased 
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likelihood of unemployment, reduced crime, improved health levels and increased 
productivity (Hanushek and Kimko 2000; Barros and Mendonça 1997; Bishop 
1989). Although efforts by the Brazilian government have resulted in educational 
advances in terms of years of schooling, children’s access to schools and a slight 
increase in student achievement (Soares et  al. 2016), Brazilian students still score 
below the OECD average and the goals set in the National Education Plan (OECD 
2019; Soares and Alves 2013).

Hence, studies using Brazilian data have sought to identify the main determi-
nants of educational achievement, focusing mainly on school performance (Alves 
and Franco 2008; Alves and Soares 2013; De Andrade and Soares 2008; Brooke and 
Soares 2008; Franco et  al. 2007; Reynolds and Teddlie 2008) and socioeconomic 
background (Alves and Soares 2009, 2013; Lee 2008). Studies have also analyzed 
the effects of per-student public expenditure on education (Amaral and Menezes-
Filho 2008; Carreira and Pinto 2007; Diniz 2012; Fernandes 2013).

In general, the findings from the literature, in which various methodologies and 
databases are adopted, indicate that, when the characteristics of the student and fam-
ily background are controlled, school characteristics have little impact on student 
achievement (Menezes-Filho 2007; Machado et al. 2008; Soares 2005).

The study by Vernier et al. (2015) shows that when school performance is ana-
lyzed in a more aggregated way, in addition to the socioeconomic issues of students, 
the characteristics of teachers, principals and the school also have an impact. Fur-
thermore, the authors find that the region to which the student belongs also affects 
their school achievement, highlighting the importance of space.

Despite the decentralization of the Brazilian educational system that occurred in 
the 1990s (Da Mota 2008), with which most of the responsibility for primary educa-
tion was attributed to municipalities, few studies take municipalities into account 
when studying student achievement. Among them, Ceneviva (2010) and Leme et al. 
(2009) measured the effect of municipal management on student achievement and 
Soares and Alves (2013) analyzed the effect of schools and municipalities on the 
inequality of the educational results.

Studies that investigate the effect of human capital in the neighborhood are com-
monly found in the literature. Such studies focus on assessing how performance 
and economic growth are influenced by the performance of nearby localities (East-
erly and Levine 1995; Moreno and Trehan 1997; Ramos et al. 2010; Rosenthal and 
Strange 2008; Moretti, 2004; Beeson and Montgomer 1993). Case and Rosen (1993) 
provide evidence to show US government spending is positively affected by neigh-
boring states. Spatial technological interdependence has also been explored by Ertur 
and Koch (2007).

Most of the Brazilian empirical studies related to the spatial effect of human capi-
tal have focused on the relation with economic growth, productivity and wages of 
the neighboring regions (Silveira Neto 2001; Magalhães et al. 2005). Research qual-
ity and innovation spillovers (Anselin et al. 1997) as well as the university–industry 
linkage (Garcia, Araujo and Mascarini 2013) have also been analyzed.

Notwithstanding the importance of human capital in the context of regional 
disparities and the significant amount of research that has sought to understand 
the determinants of school performance in Brazilian education, there has been 
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little effort to investigate the distribution and spatial effect of educational qual-
ity. Hence, there is a lack of research regarding the effect of the quality of human 
capital in neighboring regions. Although the role of location has been explored 
from many perspectives, the role of spatial dependence on the performance of the 
Brazilian students requires further investigation.

Given the importance of location, and recognizing that proximity facilitates 
the exchange of information and knowledge, the present study seeks to contrib-
ute toward filling that gap in the literature. Taking the hypothesis that the direct 
impacts of HEI on local school achievements is unknown (we supposed to be pos-
itive, if any) and that the spatial scale of the impact is even more difficult to pre-
dict, this paper tries to specify these issues decomposing the effects in the local 
and neighboring municipalities. Thus, the main aim is to investigate if the quality 
of higher education has any effect on the school student achievement. For that 
sake, we use spatial econometric models, which permit the study of externalities, 
thus allowing us to identify if the variables used in the model of a given region 
have spillover effects in neighboring regions.

In this field, the noteworthy study by Ertur and Koch (2007) shows that the 
knowledge accumulated in a given country depends on the knowledge accumu-
lated in neighboring countries. In estimating a model of technological interde-
pendence, the authors found that the stock of knowledge in one country gener-
ates externalities that can cross national boundaries and affect other countries, 
and that this effect decreases with geographic distance. The authors attribute this 
spatial reflex to ‘learning by doing.’

Given the importance of Ertur and Koch’s study (2007) and considering that it 
focused on the stock of human capital, the present study seeks to contribute to the 
debate regarding the importance of the spatial dependence in educational quality 
by analyzing the proficiency scores of schools, a variable closely related to the 
quality of teaching.

In addition to testing the effect of the quality of HEI on the performance of 
schools in local and neighboring municipalities, it is also important to test the 
potential autocorrelation with the socioeconomic and cultural particularities of 
Brazilian municipalities. The inclusion of these aspects is important due to the 
heterogeneities of size, family background, gender composition for, example.

From the theoretical perspective, we adopted an educational production func-
tion which is used to identify the existing relationship between a series of inputs 
to the educational process and its product. We go further in comparison with pre-
vious studies by including the quality of higher education as an input. The impor-
tance of analyzing educational quality is highlighted in the studies by Hanushek 
and Kimko (2000), according to whom a good educational system does not only 
arise from the stock of years of study, but also from the quality of teaching.

Thus, the present study proposes to carry out an analysis of the spatiality of 
education with a focus on its quality. That is, it seeks to investigate if the spillover 
effect of human capital stock identified by Ertur and Koch (2007) is also found 
in the quality of education in Brazilian municipalities. In addition, it seeks to 
establish if there is educational spillover through higher education, through better 
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qualified teachers. In other words, whether higher education influences school 
education in the respective municipality and neighboring municipalities.

The study has 6 sections. Following this introduction: Sect. 2 presents the data 
used and the descriptive statistics; Sect. 3 describes the methodology; Sect. 4 sec-
tion details the methods adopted in the spatial matrix analysis; Sect. 5 discusses the 
results found; and finally, Sect. 6 contains the closing remarks.

2  Data and descriptive statistics

To achieve the proposed objective, information on 5507 Brazilian municipalities, 
covering the period between 2008 and 2013, was collected from two data bases. The 
first is The Basic Education Assessment System (Portuguese—Sistema de Avaliação 
da Educação Básica—SAEB), which is an assessment of Brazilian schools carried 
out by INEP. The exam tests student achievement in Mathematics and Portuguese. 
In addition to the tests, the SAEB includes questionnaires that are administered to 
principals, teachers and students, allowing for a more comprehensive assessment of 
the schools. The second is the National Examination of Student Performance (Portu-
guese—Exame Nacional de Desempenho dos Estudantes—ENADE), which is also 
conducted by INEP, but assesses courses in higher education institutions (HEIs) in 
Brazil. The examination was proposed in 2003 and formally instituted in 2004. The 
set of courses is divided into three blocks, and only one of these blocks is assessed 
each year. Based on the student achievement, the test, totaling 40 questions, is 
divided into two parts: the first on general knowledge (GK) and the second on a spe-
cific component (SC). In the GK component, integral elements of the professional 
profile are considered, such as ethical attitude, social commitment, capacity for criti-
cal analysis. The SC assesses issues specific to the area of knowledge of the course.

The use of higher education data in the study is based the assumption that the 
best performing HEIs produce better qualified professionals, including in the area of 
education and thus would be associated with better grades in elementary school edu-
cation. The impact of university quality on improvement in local human capital and 
its regional spillover was explored by Beeson and Montgomer (1993) using US data. 
For the Brazilian context, this assumption is important because the universities have 
an important role in supporting the National Plan for Training of Basic Education 
Teachers, developed by the Coordination for the Improvement of Higher Education 
Personnel (CAPES). This plan is designed to mitigate the critical problems identi-
fied in the teacher training process in the country’s elementary education system 
(Castro et al. 2018).

This paper investigates the effect HEIs have on school student achievement in the 
municipality and neighboring municipalities. The dependent variable is the munici-
pal average score in mathematics proficiency in 2013, obtained in the SAEB. We 
chose this discipline because mathematics is considered a universal language, which 
permits comparisons with international tests and studies. In addition, the interpreta-
tion of mathematics problems requires a certain level of language skills.

According to Silva and Hasenbalg (2002), the effect of family background tends 
to be lower as from the second half of elementary school. Thus, the proficiency 



259

1 3

Spatial distribution and dissemination of education in…

scores used in this study will be those of 8th and 9th grade students, since they are 
more susceptible to public policy measures.

Table 1 shows the number of 8th and 9th grade students who took the exam in 
2013 according to the school administrative level. There is a notable predominance 
of state and municipal schools, which account for 60.12% and 37.6% of the sample, 
respectively.

The SAEB proficiency scores range from 0 to 500, and in 2013 among the 
municipalities the average score in mathematics was 244.9 points in the 8th and 
9th grades, while the maximum score was 320.72. Figure 1 shows the distribution 
of school education in the Brazilian municipalities. It can be seen that most of the 
highest scoring municipalities are concentrated in the Centre-West, Southeast and 
South regions.

To determine the effect of higher education on school education, a time lag is 
necessary, since the time needed to complete the course and to start working as a 
teacher must be considered. Thus, the data collected on the performance of HEIs 
will refer to the year 2008.1 The key variable for higher education will be the 
ENADE scores for the degree courses in Language and Literature, Mathematics and 
Education of the various institutions. In view of the fact that the ENADE score is a 
measure of the effect of the quality of higher education, and that in the absence of 
an HEI, it is impossible to identify this effect, municipalities that do not have an HEI 
within their territories will be attributed a score of zero, for estimation purposes.

Of the 5507 municipalities, 739 had HEIs offering degree courses in language 
and literature, mathematics and education in 2008. Figure  2 shows the distribu-
tion of those institutions. The ENADE score varies from 0 to 5, while the average 
reached by the municipalities was 2.86.

To capture the effect of higher education, it is necessary to control for the effect 
of the other variables that affect school performance. To do so, variables consoli-
dated in the education literature, such as parental schooling and other socioeco-
nomic characteristics, are used. Table 2 shows the dependent and explanatory vari-
ables used on this paper.

Table 1  Number of pupils by 
administrative level. Source: 
Elaborated by the authors 
(SAEB 2013)

Administrative level Number of Pupils % in relation to 
the total (%)

State 1,635,535 60.1
Municipal 1,023,065 37.6
Private 56,981 2.1
Federal 5,007 0.2
Total 2,720,588 100.0

1 The data available from the ENADE for the degree courses in Language and Literature, Mathematics 
and Education refer to the years of 2005, 2008 and 2011. Due to the lack of municipal code information 
in the year 2005, the data referring to 2008 were used.
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Parental schooling is introduced in the model as the proportions of mothers and 
fathers that have completed high school. The data for this variable are obtained from 
the students’ questionnaire within the SAEB, through the question: “Up to what 
grade did your mother or the woman responsible for you study? Up to what grade 
did your father or the man responsible for you study?” “Appendix 1” presents pos-
sible alternative responses. In order to consider parents who have completed high 
school, alternatives showing parents educated up to high school will be the focus of 
this variable.

The mother’s and father’s schooling are standard variables used in education pro-
duction function to test the impact of family background. The assumption being that 
the higher the parent’s educational level, the higher the student’s achievement. On 
average, in Brazilian municipalities 33% of mothers and 26% of fathers had com-
pleted high school in 2013. Based on the microdata, “Appendix 2” presents the per-
centage of fathers and mothers in each level of schooling according to the answers 
given by the pupils.

Student’s sex and color are also included in the model due to their importance 
in determining performance (Soares 2005). The evidence in the literature shows 

Fig. 1  Distribution of School Education by Brazilian Municipality
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males, generally, perform better than females in math (Le and Nguyen 2018; 
Guiso et al. 2008). According to Soares (2003), white Brazilian students tend to 
perform better at school. Along the same lines, the studies carried by Albernaz 
et al. (2002), Soares (2003, 2005) and França and de Gonçalves (2012) found that 
being black has a negative impact on school achievement. Thus, we expect white 
students to achieve higher educational outcomes.

Through the teachers’ questionnaire, the SAEB provides information on 
teacher training. The item that addresses post-graduate training offers the fol-
lowing alternative responses: (a) Have you not done or not completed post-grad-
uate training; (b) updated training; (c) specialization; (d) master’s; (e) PhD. To 
obtain the proportion of this variable, a dummy was initially created (1: did post-
graduate training, 0: otherwise) and, from this, the proportion of teachers with 
post-graduate education was calculated. Following the same hypothesis tested by 
Albernaz et al. (2002) and França and de Gonçalves (2012), we assume that hav-
ing better qualified teachers will positively impact the student outcomes.

Teachers are considered hardworking if they assign and correct home-
work. Based on the SAEB questionnaire, this can be assessed based on the 
answers given to the following question: “Does the teacher correct Mathematics 

Fig. 2  Distribution of Higher Education by Brazilian Municipalities
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homework?” If the student answered ‘always’ or ‘almost always,’ the teacher is 
considered to be hardworking (1: hardworking teacher, 0: otherwise), and, from 
this, the proportion of hardworking teachers per municipality is calculated. As 
with teacher qualification, teacher engagement with the students’ learning process 
will increase the students’ test scores, so we assume positive results related to 
teacher effort.

Parental Stimulus has been shown to be an important factor for student success. 
This finding has been associated with a diverse range of desirable outcomes rang-
ing from better test scores, higher expectations regarding the future, more confi-
dence and better behavior at school (Singh 2015; Bashir and Bashir 2016). In this 
study, the variable parental stimulus is determined based on the questions and 
answers in “Appendix 3”. If the answers to all the questions were ‘always/almost 
always’ or ‘yes,’ the parents are considered to encourage their children to study (1: 
parents encourage; 0: otherwise). From this dummy, the proportion of parents who 

Table 2  Variable description. Source: Elaborated by the authors

Variable Name Description Source/Period

School Performance (dependent) eduS Municipal average performance in Math-
ematics

Continuous variable—ranges from 0 to 
500

SAEB 2013

Higher Education Performance eduH Municipal average performance in 
ENADE

Continuous variable—ranges from 0 to 5

ENADE 2008

Mothers’ Schooling SchMth Proportion of Mothers with High School
Continuous variable—ranges from 0 to 

100

SAEB 2013

Fathers’ Schooling SchFth Proportion of Fathers with High School
Continuous variable—ranges from 0 to 

100

SAEB 2013

Sex Sex Proportion of Male Pupils
Continuous variable—ranges from 0 to 

100

SAEB 2013

Skin Color Col Proportion of White Pupils
Continuous variable—ranges from 0 to 

100

SAEB 2013

Post-Graduate Training PostGrad Proportion of Teachers with Post-Gradu-
ate training

Continuous variable—ranges from 0 to 
100

SAEB 2013

Teacher Effort TchEff Proportion of Hardworking Teachers
Continuous variable—ranges from 0 to 

100

SAEB 2013

Parental Stimulus Stimulus Proportion of Parents that Encourage their 
Children

Continuous variable—ranges from 0 to 
100

SAEB 2013
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encourage their children in the study is obtained. Table 3 summarizes the descriptive 
statistics for the variables used in the study. 

In the next section, the econometric instruments used to identify if there is a spa-
tial relation in education in the Brazilian municipalities will be presented.

3  Methodology

When using a spatial regression model, it is important to carry out a prior investiga-
tion regarding the existence of spatial dependence. Exploratory spatial data analysis 
(ESDA) allows us to evaluate if there is any pattern of spatial association between 
regions.

Implementing ESDA requires the construction of a spatial weight matrix (W), 
also known as the neighborhood matrix. The neighborhood can be attributed in sev-
eral ways. Essentially, there are four matrices, namely: Rook (has at least one side in 
common), Queen (has at least one point in common), Distance (is a certain distance 
from the centroid) and K (determined number of the closest neighbors).

Spatial dependence arises when the value of the variable in a given location 
depends on the value of that variable in neighboring regions, that is, whether or not 
the data are randomly distributed in space. Moran’s I is a method that allows us to 
test and infer spatial dependence.

In this study, initially the statistics that permit the identification of spatial patterns 
will be used: Moran’s I global and local. The global Moran I provides a summary 
of the data’s spatial distribution, that is, a single (average) value for all regions. The 
local Moran I (LISA), when calculating a value for each observed unit, allows the 
identification of different patterns of spatial distribution (clusters or outliers). The 
global Moran I can be defined as:

(1)I =

(

n

So

)(

Z�

t
WZt

Z�

t Zt

)

Table 3  Descriptive statistics 
for the variables used Source: 
Elaborated by the authors

Variable Average S.D. Minimum Maximum

eduS 244.9 19.84 186.59 320.72
eduH 2.86 1.02 0.00 5.00
SchMth 0.33 0.12 0.00 0.91
SchFth 0.26 0.12 0.00 0.82
Sex 0.47 0.07 0.00 1.00
Col 0.36 0.21 0.00 1.00
PostGrad 0.66 0.25 0.00 1.00
TchEff 0.65 0.11 0.04 0.97
Stimulus 0.39 0.10 0.00 0.77
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where Zt is the vector of n regions for the year t in the form of deviation from the 
mean. W is the spatial weight matrix, and the term So is a scalar equal to the sum of 
all elements in W. The value of the index varies between − 1 and 1, where a figures 
closer to − 1 indicate a negative autocorrelation, and those closer to 1 indicate a 
positive autocorrelation.

Checking the local patterns and determining the regions that contribute most 
to the spatial autocorrelation can be done with the aid of LISA. This indicator 
was initially suggested by Anselin (1995) and can be calculated as follows:

where n denotes the number of regions, wij are the elements of the spatial weight 
matrix, yi and yj are the values of the variable used, while i and j refer to the different 
localities.

In addition, we used Moran’s Scatterplot, which establishes a graphical com-
parison of the values of the variable of the regions with the respective values 
resulting from the weights of the neighbors, which permits observation of any 
regional concentration. This diagram is divided into four quadrants, two of which 
correspond to the positive spatial correlation (clusters), which may be associ-
ated with two different patterns, High–High (HH) or Low–Low (LL). The former 
(located in the upper right) indicates regions in which the score for the variable 
of interest is above average which are surrounded by neighbors whose scores are 
also above average. The LL standard, on the other hand, indicates regions with 
low scores for the variable of interest, surrounded by regions that also have low 
scores.

The second and fourth quadrants indicate regions with negative autocorrelations 
(outliers) and can be represented by either the High–Low (HL) or Low–High (LH) 
standards. The HL (LH) quadrant indicates locations in which the score for the vari-
able of interest is above (below) the average, while its neighbors have scores for the 
same variable below (above) the average.

Once the spatial heterogeneity is measured, the next step is to include spatial 
dependence in the model to be studied. For this, a spatial econometric model is 
used. Unlike conventional models, spatial econometrics makes it possible to con-
sider the effects of spatial dependence. The dependency is incorporated into the 
model through a matrix of spatial weights, capturing the data generation process. As 
mentioned earlier, there are several types of weight matrices. To identify which one 
best captures the spatial structure of the data, Moran’s I is calculated by choosing 
the one that produces the most value (greatest spatial autocorrelation). In this study, 
the matrix K closest neighbors (K = 1) was chosen. The four models estimated below 
use this matrix.

Generally, the starting point for econometric analysis models is the classical lin-
ear regression model, estimated by ordinary least squares (OLS). However, Ertur 
and Koch (2007) suggest spatial dependence or heterogeneity may lead to unreliable 
OLS estimates due to the possibility of heteroscedasticity generated by changes in 
coefficients or error variance between observations.

(2)Il =
yj
∑n

j=1
wijyi

∑n

i=1
y2
i
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To better explore the spatial nature of the problem proposed in the present 
study, the hypothesis to be tested is described by the following general equation:

where yi ( yj ) is the variable explained in the region i (j), α is the intercept, X is 
the matrix nxk of explanatory variables, β is the vector k×1 of coefficient, ρ is the 
parameter related to the spatial lag of the explained variable, λ is the noise variance 
parameter, θ is the spatial autocorrelation coefficient related to the explanatory vari-
ables, W is the spatial weight matrix n×n, with Wij > 0 , when the region j is close to 
the region i.

By changing the values of the parameters ρ and λ, different models are 
obtained. In the case where there is no spatial dependence, neither in the depend-
ent variable nor in the disturbances (ρ = 0, λ = 0 and θ = 0), the model would be 
the traditional OLS, which can be represented as follows:

In the case of ρ ≠ 0 (λ = 0 and θ = 0), the spatial autoregressive (SAR) model is 
estimated. Thus, spatial dependence is included in the model by spatially lagged 
values of the dependent variable, as described in the following equation:

The spatial error model (SEM), in turn, reflects the spatial dependence on the 
residuals (ρ = 0, θ = 0 and � ≠ 0). This specification indicates that a random shock 
introduced in one region affects the others through the spatial structure. The 
model can be specified as follows:

The spatial Durbin model (SDM), in turn, reflects the spatial dependence on 
the endogenous variable and on the explanatory variables (ρ ≠ 0 and � ≠ 0). The 
model can be specified as follows:

According to Anselin and Bera (1998), the most appropriate estimation for 
these models is either that of maximum likelihood or of instrumental variables, 
since OLS estimates generate biased and inconsistent results due to the simul-
taneity in the nature of the autocorrelation caused by the spatial lag. The next 

(3)

yi = � + �Xi + �Wijyj +WXi� + �i

�i = �Wij�j + �i

� ∼ N
(

0, �2
)

(4)yi = � + �Xi + �i

(5)yi = � + �Xi + �Wijyj + �i

(6)

yi = � + �Xi + �i

�i = �Wij�j + �i

� ∼ N
(

0, �2
)

(7)
yi = � + �Xi + �Wijyj +WXi� + �i

� ∼ N
(

0, �2
)
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section will describe the method for determining the spatial weights matrix and 
the matrix that will be used in the study.

4  Determining the weights matrix

To identify the spatial interactions between municipalities, it is necessary to specify 
how these regions are connected. The chosen matrix is in accordance with the struc-
ture of the sample. While the use of the distance matrix allows the identification 
of the proximity of municipalities, it does not allow us to see if there is a border 
between them. And, since Brazilian municipalities are not homogeneous in terms of 
size, the use of a weighting matrix based on distance or contiguity might generate an 
unbalanced structure. A common solution to this problem is to consider the weight 
matrices based on the nearest neighbors, since this would force each unit to have the 
same number of neighbors (Anselin 2002; De Dominicis et al. 2013).

In order to specify the number of neighbors that will compose the neighborhood 
matrix, Almeida’s criterion (2012) is used. According to this criterion, after testing 
the Moran’s I for a set of matrices, the matrix that generated the highest value, and 
that is statistically significant is selected. The Moran’s I coefficient is presented in 
“Appendix 4.”

In this study, the spatial weights matrix is used with the closest neighboring 
municipality (k = 1). With the definition of the matrix and with the aid of the local 
Moran I, it is possible to study the local spatial patterns in more detail. The follow-
ing figures present the LISA for school and higher education performance according 
to the selected matrix.

Figure 3 shows the presence of high-performance clusters in the Midwest, South-
east and South. That is, counties with above-average performance are surrounded by 
neighbors whose values are also above average. On the other hand, in the northern 
and northeastern regions, there are low performance clusters.

While there is a positive spatial correlation for school education performance, in 
higher education there is a negative spatial correlation (outliers). These are mostly 
represented by high–low standards, that is, municipalities with high-performance 
higher education surrounded by poorly performing neighbors (Fig. 4).

Having defined the models and the spatial weights matrix, it is possible to esti-
mate the spatial models. The following sections present the results found and the 
final remarks regarding the present study.

5  Results and discussion

The results shown were obtained through the following steps. The first step was to 
estimate the model using ordinary least squares (OLS), in order to detect the occur-
rence of spatial autocorrelation and test the most appropriate spatial model. Thus, 
four regressions were estimated with the variables previously presented. The follow-
ing equations present the specification of the models:
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Model 1 is the basic model. In model 2, the aim is to check if teacher effort has 
the same effect as the teacher post-graduate training. In model 3, we want to see if 
the effect of the ‘parental stimulus’ is in line with the ‘mother’s and father’s school-
ing.’ Finally, model 4 simultaneously checks whether the teacher effort and parental 
stimulus are aligned with teacher post-graduate training and mother’s and father’s 
schooling.

(Model 1)
eduSi = �0 + �1eduHi + �2Coli + �3Sexi

+ �4SchMthi + �5SchFthi + �6PostGradi

(Model 2)
eduSi = �0 + �1eduHi + �2Coli + �3Sexi

+ �4SchMthi + �5SchFthi + �7TchEffi

(Model 3)
eduSi = �0 + �1eduHi + �2Coli + �3Sexi

+ �6PostGradi + �8Stimulusi

(Model 4)
eduSi = �0 + �1eduHi + �2Coli + �3Sexi

+ �7TchEffi + �8Stimulusi

Fig. 3  LISA for School Educational Performance
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The OLS was estimated for each model (the results can be seen in “Appen-
dix 5”), after which the Lagrange multiplier test was used to see whether there 
was an effect of the spatial structure on the model. The Lagrange multiplier test 
values for the four estimated models are shown (Table 4): 

The last four columns show the results found for each model. The first two 
lines indicate whether the dependent variable has a spatial effect. The third and 
fourth lines present the results for the spatial relation of the residuals. Finally, 

Fig. 4  LISA for Higher Education Performance

Table 4  Lagrange multiplier tests p-values. Source: Elaborated by the authors

*Denote p-values less than 10%
**Denote p-values less than 5%
***Denote p-values less than 1%

Test Model Model 1 Model 2 Model 3 Model 4

MLρ (Lag) SAR 1315.8*** 1259.9*** 1381.2*** 1268.9***
ML*ρ (Robust Lag) SAR 25.6*** 131.7*** 32.7*** 124.4***
MLλ (Error) SEM 1310.1*** 1140.2*** 1377.0*** 1150.6***
ML*λ (Robust Error) SEM 19.9*** 11.9*** 28.6*** 6.1**
MLρλ (Lag and Error) SARMA 1335.7*** 1271.8*** 1409.8*** 1274.9***
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the last line tests whether the residuals and the dependent variable have a spatial 
effect.

The estimation tests showed statistical significance for spatial dependence, indi-
cating the spatial structure impacts the quality of education. These results demon-
strate both the dependent variable, and the residuals have a spatial effect. In such 
conditions, the literature suggests the use of spatial Durbin models (SDMs), in 
which the estimators are unbiased and the statistical tests are valid even with spatial 
autocorrelation in the residual (Elhorst 2010; Loonis and de Bellefon 2018). To this 
end, four SDMs were estimated. Table 5 shows the estimated results, and Table 6 
shows the direct and indirect effects.

The models seek to identify the relationship between the quality of higher edu-
cation and the quality of school education and the educational spillovers. The first 
model estimates the effect of teachers having a post-graduate training. However, this 
training effect may also, to some extent, capture the teacher pedagogy and teacher 

Table 5  Results found with models 1 to 4, using spatial Durbin modeling (SDM). Source: Elaborated by 
the authors

*Denote p-values less than 10%
**Denote p-values less than 5%
***Denote p-values less than 1%

Variables Model 1 Model 2 Model 3 Model 4

Const 124.130*** 96.098*** 111.684*** 100.229***
eduH 0.450** 0.774*** 1.428*** 1.505***
Col 29.168*** 25.546*** 29.357*** 27.408***
Sex − 0.438 2.508 4.235 4.993**
SchMth 17.551*** 12.138***
SchFth 7.677*** 15.999***
PostGrad 1.642** 1.245*
TchEff 54.833*** 51.203***
Stimulus 41.001*** 3.107
W_eduH − 0.298 − 0.150 − 0.203 − 0.087
W_Col − 2.795 − 2.086 − 2.616 − 2.951
W_Sex 8.934*** 7.268*** 10.892*** 10.874***
W_SchMth − 7.312*** − 10.833***
W_SchFth − 0.812 5.538**
W_PostGrad − 0.449 − 1.149
W_TchEff − 4.225** 9.588***
W_Stimulus − 17.155*** − 25.456***
ρ(rho) 0.413*** 0.395*** 0.431*** 0.402***
Log likelihood (LIK) − 22,546.18 − 22,066.27 − 22,412.00 − 22,156.47
Akaike info criterion (AIC) 45,122 44,163 44,850 44,339
R2 0.523 0.594 0.550 0.583
N 5507 5507 5507 5507
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commitment to the students learning process. To filter this effect, we estimated 
model 2, including the variable Teacher Effort (TchEff). However, with the inclu-
sion of that variable, the multicollinearity problem reappeared. Thus, the model was 
tested without the variable post-graduate training, thus solving the problem. The 
association between the two variables may indicate that dedicated teachers seek bet-
ter training.

Models 3 and 4 include the variable parental stimulus and, seeking to avoid mul-
ticollinearity, the variables mother’s schooling and father’s schooling are removed.

Since the SDM estimator expresses the spatial effect of the all the variables, 
including the explained variable, estimating the four models allows us to identify the 
spillover effect of Higher education on the neighboring schools.

Table 6 shows the estimated results for the direct, indirect and total effects. The 
direct effect, for example, illustrates how a shock in the explanatory variables affects 
the explained variable in the same municipality and the indirect effect measures the 
effect in the neighbors, which may in turn reflect that impact back on the municipal-
ity of origin. Thus, the indirect effect is obtained by subtracting the total effect from 
the direct effect. It is also possible to conclude that the direct effects are similar to 
the non-spatial models’ coefficients.

The quality of education effect is expressed in all the estimated models through 
the Higher Education (eduH) and the spatial dependence of the explained variable 

Table 6  Direct, indirect and 
total estimated effects for the 
spatial Durbin models (SDM) 
Source: Elaborated by the 
authors

Models Variables Direct Indirect Total

(1) eduH 0.416 − 0.156 0.260
Col 32.090 12.912 45.002
Sex 2.317 12.180 14.497
SchMth 17.537 − 0.065 17.472
SchFth 8.422 3.291 11.713
PostGrad 1.715 0.321 2.036

(2) eduH 0.820 0.211 1.031
Col 27.916 10.879 38.795
Sex 4.951 11.216 16.168
SchMth 10.353 − 8.195 2.158
SchFth 19.509 16.109 35.619
TchEff 59.995 23.696 83.692

(3) eduH 1.566 0.587 2.153
Col 32.702 14.303 47.005
Sex 8.472 18.119 26.590
Stimulus 41.175 0.741 41.917
PostGrad 1.041 − 0.872 0.169

(4) eduH 1.662 0.709 2.372
Col 29.849 11.050 40.899
Sex 8.891 17.645 26.536
Stimulus − 4.216 − 33.157 − 37.373
TchEff 60.332 41.328 101.660
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(ρ). The positive and significant coefficient of eduH indicates that municipalities 
with better Higher Education performance are more likely to have better achieving 
schools. This result is in accordance with the hypothesis that the best performing 
HEIs produce better qualified professionals, and this is associated with better grades 
in elementary school education.

In addition to the effect of higher education on school grades, the spatial depend-
ence of the explained variable (ρ) is captured, suggesting school performance is 
positively associated with school performance in neighboring municipalities. The 
significance of the spatial parameter indicates the presence of education spillover 
among Brazilian municipalities.

Of the variables related to the characteristics of the students, skin color (Col) was 
significant and positive. The proportion of male students (Sex) only presents sig-
nificant and positive results in the fourth model. With respect to parental schooling 
(SchMth and SchFth), both variables are positive and significant in models 1 and 
2. There is a notable difference in relation to the magnitude of the coefficients, in 
which the values of the mother’s schooling are higher than those of the father.

In model 3, Parental stimulus (Stimulus) was positive and significant, as expected. 
According to this information, the municipalities with the highest proportion of par-
ents who encourage their children to study are associated with better school grades. 
However, when we introduce teacher effort, in model four, the significance of paren-
tal stimulus disappears. This may be because parents who are more concerned about 
educational importance seek better schools with more committed teachers.

In models 1 and 3, PostGrad is positive and statistically significant, indicating 
the higher the proportion of teachers with post-graduate qualifications there are, the 
better the students perform at school. Teacher effort (TchEff) and commitment to the 
students, expressed in models 2 and 4, are also positive and statistically significant.

Of particular interest in our analysis are the variables Higher Education Perfor-
mance, Post-Graduate Training and Teacher Effort. Regarding the effect of Higher 
Education Performance, as the coefficient associated with W_eduH was found to 
have no statistical significance, higher education cannot be said to have a spatial 
spillover effect on elementary schools in neighboring municipalities. Therefore, the 
presence of a reputable university in a municipality has a local effect, increasing the 
local school performance.

The variable W_PostGrad is statistically insignificant. Thus, at the same time as 
there is a positive relation between the percentage of teachers with post-graduate 
qualifications and school performance in the municipality itself, there is no such 
relation with neighboring municipalities. This may arise due to a process of concen-
tration, where teachers with better qualification are attracted to better job opportuni-
ties in municipalities with high-performing schools.

Lastly, in model four, the coefficient associated with W_TchEff is positive and sig-
nificant, as expected, indicating that in addition to the direct positive effect, teacher 
effort also has a positive indirect effect, which means there is spatial spillover.

Considering these results and using information from the descriptive statistics 
(Table 3), it can be said that, in relative terms, there is a higher spatial concentration 
of teachers with graduate degrees (greater standard deviation) and that their knowl-
edge does not overspill to schools in neighboring municipalities. On the other hand, 
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the efforts made by teachers are relatively less concentrated and help improve the 
performance of students in the municipality of origin as well as that of students in 
neighboring municipalities.

In summary, in this study our aim was to verify the spatial spillover of the quality 
of higher education (W_eduH) in the mathematics performance of students in ele-
mentary schools (edu_S). This variable was not statistically significant. In relation 
to the lags of the other explanatory variables, it is difficult to establish a theoretical 
relationship. The negative signs found for some of the variables may be related to 
factors such as social inequality and distance. In Brazil, more developed municipali-
ties are often surrounded by poor municipalities, which may explain why the same 
variable has contrasting effects in neighboring municipalities. Additionally, the dis-
tance between municipalities is very heterogeneous, which may cause the variable to 
overflow in the regions where the municipalities are closest and not where they are 
most distant.

6  Concluding remarks

The present study has sought to contribute to the literature on determinants of school 
performance through the use of spatial models that allow us to identify the exist-
ence of spatial dependence in relation to the quality of education. More specifically, 
whether the quality of education in a Brazilian municipality is associated with the 
education of neighboring municipalities.

The study identified a strong spatial dependence, indicating that spatial structure 
influences the quality of education. There was an educational spillover among Bra-
zilian municipalities at the school level. In other words, one municipality’s school 
performance is positively associated with the school performance of its neighboring 
municipalities.

Our main hypothesis that the best performing HEIs produce better qualified 
teachers, and thus would be associated with better grades in school, was only con-
firmed at the local level. The main contribution of the paper was to show that munic-
ipalities with better HEIs have better performing schools.

However, contrary to our expectations this positive local effect does not cross 
municipal boundaries. While being contrary to our hypothesis, this is an interest-
ing result for consideration in further new studies and public policies decisions. The 
absence of a spatial effect of HEIs may be due to the concentration of universities 
in a small number of densely populated municipalities (739 or 13.4%) while schools 
are distributed throughout all the 5507 municipalities. Being a developing coun-
try with high levels of inequality, Brazil still has teachers who do not hold higher 
education degrees, despite an attempt to engage the universities in teacher training. 
As mentioned above, since 2009, the National Plan for Training of Basic Education 
Teachers has provided special classes in higher education courses, exclusively for 
public school educators who do not have higher education degrees in the area in 
which they work.

Overall, our findings highlight the importance of university–school integra-
tion and provide useful insights for consideration when deciding on public policy. 
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In Brazil, a large proportion of universities are public or community (federal, state 
or municipal) and they play an important role in regional development. Their con-
tribution to human capital, technology, university–industry linkages has been well 
documented in the Brazilian literature (Silveira Neto 2001; Magalhães et al. 2005; 
Anselin et al. 1997; Garcia et al. 2013). Importantly, our study is the first to explore 
their local and spatial impact on the student outcomes.

Funding We thank the funding provided by the National Council for Scientific and Technological Devel-
opment -CNPq – 306707/2017-9.

Appendix 1—responses regarding parent schooling

Response Specification

A Never studied
B Did not complete the 4th grade (formerly primary)
C Completed 4th grade, but did not complete 8th grade (formerly gymnasium)
D Completed 8th grade, but did not complete High School (formerly 2nd grade)
E Completed high school, but did not complete college.
F Completed the College
G Do not know

Source: Elaborated by the authors based on the SAEB

Appendix 2—percentage of mothers and fathers by level 
of schooling in 2013

Mother (%) Father (%)

Never studied 3.04 5.6
Never completed 4th grade 16.93 18.62
Completed 4th grade, but never completed 8th grade 22.06 20.17
Completed 8th grade, but never completed High School 17.13 19.29
Completed High School, but never completed a University degree 29.97 27.11
Completed University 10.88 9.2

Source: Elaborated by the authors
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Appendix 3—questions about Parental Stimulus

Question Answer

How often do your parents attend the parents meetings? Always/
almost 
always

Do your parents encourage you to study? Yes
Do your parents encourage you to do homework and assignments? Yes
Do your parents encourage you to read? Yes
Do your parents encourage you to attend school and not miss classes? Yes

Source: Elaborated by the authors (SAEB, 2013)

Appendix 4—results of the variation of weight matrices

Matrix Moran’s I coef-
ficient (eduS)

Queen (first order) 0.655
Rook (first order) 0.656
K (1 neighbor) 0.692
K (2 neighbors) 0.688
K (3 neighbors) 0.675
K (4 neighbors) 0.668
K (5 neighbors) 0.660
d (50 km) 0.634
d (100 km) 0.598
d (200 km) 0.543
d (300 km) 0.512
d (370 km)* 0.495

Source: Elaborated by the authors
K = matrices of closest K neighbors (inverse-distance); d = distance matrices (inverse-distance); all the 
matrices are row-standardized; (*) 370 km is the minimum distance to ensure no municipality is isolated
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Appendix 5—results of the OLS models

Variables Model 1 Model 2 Model 3 Model 4

Const 216.537*** 173.263*** 202.976*** 181.549***
eduH 0.392* 0.804*** 1.684*** 1.770***
Col 44.893*** 40.357*** 47.082*** 42.977***
Sex 5.915* 9.650*** 13.598*** 14.133***
SchMth 15.315*** 7.436***
SchFth 13.011*** 26.144***
PostGrad 1.449 0.415
TchEff 66.524*** 71.455***
Stimulus 40.329*** − 12.827***
R2 0.280 0.400 0.295 0.368
N 5507 5507 5507 5507

Source: Elaborated by the authors
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