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Abstract
The present study aims to measure the capacity
of urban municipal elementary schools of

Cataguases/ MG — Brazil, considering the current
legislation on the entitlement to free basic public
education, withthe purpose of identify excess or
shortage of vacancies. It makes use of the census
tracts, population data, both reported by the IBGE,
according to the 2010 Census. Information was
collected from each school, provided from the
Department of Education of the city. As such,
Quantum Gis software was used to calculate the
several indicators and spatial distribution of schools.
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I.  INTRODUCTION

According to [1], basic education is a citizen's
entitlementand it is the State's duty to provide it with
quality and for free.

Cataguases Municipal Department of Education
manages 23 schools in the municipality, since from
pre-school until elementary education. There are 18
schools in the urban area and 5 in the rural area.

For its efficient management, it is necessary
develop a work that contains the supply and demand
of enrollments in the municipal public schools. This
way, a better application of public resourcesand an
improvement in urban displacementwill be achieved.

It must be mentioned, according to [2], the number
of primary school enrollments in 2017 fell by 0.41%
compared to 2016 in Brazil. In elementary and midlle
education, this reduction was observed for the fourth
consecutive year. This fall is associated with the
increase the number of private school, the policies of
rectification of flow that has reduced the reprobations,
and, above all, the decrease of the birth rates.

The objective of this study is to verify the current
location of urban elementary schools in the city of
Cataguases/MG - Brazil, using the p-median model.
The intention with this analysis is to realize a school
zoning, in order to detect excess or shortage of

vacancies, allowing a more effective management of
school capacity. In order to evaluate the spatial
distribution of the schools, the free software Quantum
Giswas used to calculate the centroids of the city's
census tracts and the distance between them and each
school analyzed.

Il. LITERATURE REVIEW

A. Current legislation for Brazilian basic education

According to [1], the State's duty with public
school education shall be fulfilled by guaranteeing
compulsory basic education free of charge for the 4
(four) at 17 (seventeen) years of age.

Still according to [1], basic education is subdivided
into early childhood education for children between 4
(four) and 5 (five) years of age, elementary education
is beginning at 6 (six) years of age and lasting nine
years, and midlle education with a minimum duration
of three years.

After the extension of elementary education to 9
(nine) years of duration, [3] defines the new
agegroupfor elementary education:from 6 to 10 years
for the initial years and from 11 to 14 years of age for
the final years.

B. Basics of localization

According to [4], the location of public sectors
is related to an important scope of operational
research. The problems of location are intended to
indicate where an establishment should be located, in
order to improve a decision variable. In several
adversities, the data on capacity offered and necessity
have to be reconciled.

Reference [5] establishes that the optimization of
the location of service stations or facilities is based on
defining a geographical spot for its operation in order
to enhance its service, taking into account several
exceptions, especially demand conditions.

According to [4] infrastructures such as ATMs,
recycling collection centers, schools, etc., the
fundamental coefficient is the ease of access in the
place.However, for an emergency activity, the
ambulance travel time to the place of occurrence is
the primary coefficient.

ISSN: 2231 — 5381

http://www.ijettjournal.org

Page 1




International Journal of Engineering Trends and Technology (IJETT) — Volume 63 Number 1 — September 2018

Reference [6] reports that there are differences of
purpose between the private and public sectors.As
long as in the private sector, the purpose is to boost
profits or reduce costs, in the public sector, the
purpose is to increase the benefits available to the
community, or to restrict the costs of the services
provided.

1)  The p-median model: According to [7], the
most widespread mathematical model related to the
problem of location of activities or service stations is
the p-median model, which indicates points to find
facilities with the purpose of reducing the distance
between the users, gathered at each vertex or centroid,
and existing facilities.

For school location, this model has the following

premises:

e The entire school-age population residing in
each census area is gathered in its respective
centroid;

e All schools provide equivalent teaching
conditions. With this, every student enrolls in
the school closest to their residence. Since this
school offers similar conditions to others, the
decisive factor for choosing it is proximity.
Reference [8] validated this hypothesis when
analyzing the behavior of students from Nova
Iguacu/RJ;

o Schools located in the same sector serve the
same area, being classified in only one with
their unified capacities. In Cataguases there are
11 municipal urban schools of elementary
education, installed in eleven distinct sectors,
this premises being dispensable.

C. Related works

There are numerous works associated with the
allocation of public resources that cover the field of
education and linear mathematical programming.
Most of these journals have as purpose to verify the
location that the schools are located or to analyze how
the school transport is carried out.

Regarding the location of the facilities, the studies
aim to indicate the best location for the next school
buildings in order to reduce the distance traveled by
the students. In this context, [9] exposes the tests
according to the mathematical programs and the
positions of the schools in several Brazilian cities.
Similarly, [10] uses the p-median model for the
installation of new public schools in the city of
Vitéria - ES.Reference [11] presents a structuring of
the method used in previous studies.

Reference [12] analyzed the location of school
facilities in  Southampton, England, initially
established at the central point of extensions
determined by geographic distributions. The fall in
birth rates has led to the occlusion of schools. In this
way, this study differs from the ones mentioned
above by the fact that its result was not the
construction of new school buildings, but the closing
of some, in view of the various remaining vacancies.

1. METHODOLOGY

For the development of this paper, bibliographical
research was carried out, through books, scientific
articles, journals and academic and governmental
sites, from November 2017 to June 2018.

The methodology used was applied in order to
produce sciences aimed at solving certain problems,
and a quantitative approach that, according to [13], is
a method that quantifies opinions and information to
categorize and verify them.

Under this approach a case study was made with
regard to the location of the urban municipal schools
of elementary education in Cataguases/MG - Brazil,
with the help of Quantum Gis software. According to
[14] the case study has the purpose of analyzing an
instance in reality and clarifying how and why it
occurs, pointing out elements that collaborate for the
effectiveness of the subject in question.

D. Obtaining the area of coverage of schools

The first step in the preparation of the study is
to analyze the area of coverage of each school and the
population distribution of the region where it is
located. For this, the map of the city of Cataguases
was obtained, according [15] it was fractioned in
census tracts, which are small territorial units
determined for cadastral control purposes, in which
each enumerator collects the data of the sectors that
are assigned to him.

Through the free software of geographic
information system, Quantum Gis, the centroid of
each sector was located, which is a representative
point of its respective demographic center.

In the case study discussed, there are 116 census
tracts, being considered only 100, comprising the
urban area, as shown in the polygons of Fig. 1, with
its due centroids.

The next step was to obtain the data referring to the
last census, Census 2010, regarding the population in
school band, how many children between 6 and 14
years of age live in each sector. This population
demand was acquired through [16], where all data
referring to the last census are available.

Assuming that the population of each sector
increased in the same proportion up to the present
day, the population estimate for the municipality,
published in 2017, in [17], was used to calculate the
estimated population of each sector. As the total
population in the last census was 69,757 people and
the estimate in 2017 was 75,025 people, there was an
increase of 5,268 people, equivalent to 7.55% over
the course of 7 years.
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Fig. 1: Cataguases census sectors with the urban
centroids

In this way, to obtain only the population of each
sector, in the age group of 6 to 14 vyears, the
population of each sector obtained in the
Demographic Census of 2010 was multiplied by the
estimated increase of 7.55%. Thus, Table 1 shows the
population demand for each sector, after using the
rounding criterion.

Next, with the Municipal Department of Education
of Cataguases, data were collected referring to urban
municipal schools of fundamental level, such as
name, address, capacity and number of enrollments
per school for the last 10 years.

With this, these 11 schools were located on the
map of the city. And, using the Quantum Gis
software, it was possible to draw each route of the

itinerary centroid-school, being able to determine
which census sector is closest to each school, that is,
its area of coverage, based on the assumptions of the
p-median. Fig. 2 shows the 11 areas of coverage, with
the location of their respective schools.

With the 100 urban census sectors directed to their
respective schools, establishing the area of coverage
of each one as represented in Fig. 2 by the eleven
distinct colors, it is possible to analyze the capacity of
each school in front of the demand of each
comprehensive area.

IV. RESULTS AND DISCUSSION

The work in question presents a methodology for the
analysis of the location of municipal urban schools of
elementary education in Cataguases/MG, Brazil.

The problem studied has 11 vertices, which
correspond to the census tracts. The model used was
that of the p-median, which assumes that the school
chosen by the student is the one closest to his or her
home.

E. Analysis of the excess or shortage of enrollments
in each school

In order to obtain excess or shortage of places
in Cataguases municipal urban schools of elementary
education, each school was checked in isolation, with
its proper area of coverage. Through the Quantum Gis
software, the distance of each centroid for each
school was calculated, in order to identify which
census tracts each school understands.

Table 1: Demand for centroids (students aged 6-14)

Sector|Population| Sector|Population| Sector|Population| Sector|Population| Sector|Population
51 10 521 16 541 13 561 15 581 14
52 15 522 14 542 14 562 11 582 16
53 18 523 16 543 15 563 19 583 17
54 13 524 16 544 17 564 19 584 16
55 13 525 28 545 13 565 19 585 16
56 17 526 17 546 16 566 18 586 19
57 15 827 16 547 16 567 19 587 20
58 12 528 13 548 16 568 14 588 14
58 17 529 13 549 17 569 13 5889 15
510 15 530 13 550 19 570 21 590 19
511 13 531 22 551 16 571 14 591 19
512 11 532 18 552 17 572 14 592 19
513 12 533 12 553 16 573 15 593 17
514 14 534 9 554 14 574 14 594 14
515 12 535 11 555 10 575 13 585 15
5186 14 536 14 556 13 576 15 596 22
517 21 537 15 557 15 577 14 597 22
518 13 538 14 558 16 578 16 598 15
518 12 539 15 559 15 579 13 599 9
520 16 540 21 s60 15 580 10 5100 13
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Fig. 2: Area of coverage of each school in Cataguases

With the area of coverage of each school defined,
the demands of each were calculated, defined by the
number of school-age children residing in all sectors
contained in each area.

With this, the pertinent data were confronted with
the number of children aged between 6 and 14 years
of each area of coverage with the appropriate
capacities of each school, which were informed by
the Education Municipal Secretary.

After this comparison, it is possible to determine
the excess or shortage of places for each school.
Thus, as shown in Table 2, if the number of
enrollments is lower than the demand, the school has
a shortage of places. If it is larger, there are excess
vacancies and resources can be reallocated to the
most deprived areas.

Table 2 shows the eleven urban municipal schools
of elementary education in the city, the census sector
where each one is located, the colors referring to the
respective areas of comprehension of each school for
a better understanding and the situation of the current
scenario in relation to the capacity offered and school
demand.

Thus, among the schools with excess vacancies

that comprise areas with reduction of children aged
between 6 and 14 vyears, it is possible to establish
which schools can be closed or reduced, reallocating
their demands. On the other hand, it is possible to
analyze possible extensions regarding schools that
have a shortage of places or the construction of a new
school to meet the remaining demand.

V. CONCLUSIONS

The objective of the present study was to
evaluate the location of the municipal urban schools
of elementary education in the municipality of
Cataguases/MG - Brazil. The method used for this
was the p-median model, which indicates that the
student chooses the school closest to his or her home,
due to the cost of transport, safety, time to travel,
among others.

In order to carry out the practical study, data were
obtained from the IBGE, such as digitized maps and
census tracts, and data from the schoolpopulation by
census section, as well as school information at the
municipal education department. Quantum Gis
software simplified the location of schools and
centroids, the calculation of distances and assisted in
the display of information and results.

Based on the analysis of the capacity of each
urbane municipality school the elementary education
in the city, it was verified that the capacity offered by
the municipal network is enough to supply the
existing demand.

It is worth noting that the excess of vacancies
predominates in the current scenario of the city, with
a capacity of 2,221 places for an estimated demand of
1,537, only the schools Professor Anténio Amaro and
Monsenhor Solindo exceed the capacity offered.

In this way, corrective measures can be
implemented, such as the relocation of some students
to neighboring schools with remaining vacancies, the
closure of schools located in areas with low demand
and difficult access, and the transfer of some human,

Table 2: Current scenario of municipal schools in Cataguases/MG - Brazil

Sector Municipal School Enroliment Demand| Scenario
S11 | Professor Antdnio Amaro 238 300 |SHORTAGE
IS Vionsenhor Solindo 120 317 |SHORTAGE

526 |Manoel Dutra Siqueira 85 62 EXCESS

S35 |Professora Carmelita Guimardes 168 110 EXCESS

Professora Darcilia Guimaraes 144 76 EXCESS

Enedina Prata 192 104 EXCESS

Flavia Dutra 448 255 | EXCESS

Professora Maria Jose Peloso 120 19 EXCESS

S67 |Prefeito Jose Esteves 170 83 EXCESS

Lysis Brandao da Rocha 416 106 EXCESS

José Soares Gongalves 120 105 EXCESS

TOTAL 2221 1537 EXCESS
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material and / or financial resources to schools with a <https://gen302|010-ibge-govbr/sinopseporsetores/>-
Accessed April 15, 2018.
Shor.tage of places. . [17] Instituto Brasileiro de Geografia e Estatistica - IBGE.
Finally, a study is suggested to evaluate Cidades, 2017. Available
alternatives of changes with the purpose of proposing in:<https://cidades.ibge.gov.br/brasil/mg/cataguases/panora
an ideal school scene for the city. ma>. Accessed April 29, 2018.
REFERENCES

[1]  Brasil. Lei n°® 9.394, de 20 de dez. de 1996. Estabelece as
diretrizes e bases da educagdo nacional.Brasilia, DF, dez
1996. Available in:
<http://www.planalto.gov.br/Ccivil_03/leis/L9394.htm>.
Accessed March 18, 2018.

[2] Instituto Nacional de Estudos e Pesquisas Educacionais
Anisio Teixeira — INEP. Censo Escolar 2017: Notas
estatisticas. Brasilia, Inep: 2018.

[3] Brasil. Ministério da Educagdo. Conselho Nacional de
Educagdo. Resolucdo CNE/CEB n° 3/2005. Define normas
nacionais para a ampliacdo do Ensino Fundamental para 9
(nove) anos de duragéo. Available
in:<http://portal.mec.gov.br/cne/arquivos/pdf/rceb003_05.pd
f>. Accessed March 31, 2018.

[4] R. C. Menezes. O uso do SIG - Sistema de Informacéo
Geografico - para apoio a decisdo no planejamento da
localizagdo das escolas municipais em Guaratiba, Rio de
Janeiro. 2010. Dissertagdo (Mestrado em Engenharia de
Producéo) — Pontificia Universidade Catélica do Rio de
Janeiro, PUC-Rio - Certificacdo Digital Numero
0721382/CA, Rio de Janeiro, 2010.

[5] N.D. Pizzolato, and M. Rozental. Localizagdo de shoppings
centers de vizinhanca. Estudo de caso: Barra da Tijuca, Rio

de Janeiro — RJ. Pesquisa Operacional para o
Desenvolvimento, Rio de Janeiro, v.1, n. 3, 2009. p. 199-
207.

[6] C. Revelle, D. Marks and J. C. Liebman. An analysis of
private and public sector location models,Management
Science, v. 16, 1970. p. 692-707.

[71 N. D. Pizzolato, F. M. P. Raupp, and G. A. Alzamora.
Reviséo de desafios aplicados em localizagdo com base em
modelos da p-mediana e suas variantes. Podes - Pesquisa
Operacional para o Desenvolvimento, 4 (1), 2012. p. 13-42.

[8] N.D. Pizzolatoand H. B. F. Silva. Proposta metodoldgica de
localizacdo de escolas: Estudo do caso de Nova
Iguagu.Revista Pesquisa Operacional, v. 14, n. 2, 1993. p. 1-
13.

[91 N. D. Pizzolato and H. B. F. Silva. The location of public
schools: evaluation of practical experiences. In: International
Transactions in Operational Research, 4(1), 1997. p. 13-22.

[10] F. B. Barcelos, N. D. Pizzolato and L. A. N. Lorena.
Avaliacéo da localizagéo de escolas com modelos capacitado
e ndo-capacitado e uso de uma ferramenta GIS: estudo de
caso de Vitoria/ES.XXXIV Simposio Brasileiro de Pesquisa
Operacional — A Pesquisa Operacional e as Cidades. Rio de
Janeiro, 2002.

[11] N. D. Pizzolato, F. B. Barcelos and L. A. N. Lorena. School
location methodology in urban areas of developing
countries.In: International Transactions in Operational
Research, 11 (6), 2004. p. 667-681.

[12] C. M. Molinero. Schools in Southampton: a quantitative
approach to school location, closure and staffing.In: Journal
of the Operational Research Society, 39(4), 1988. p. 339-
350.

[13] C. C. Prodanov and E. C. Freitas. Metodologia do Trabalho
Cientifico: métodos e técnicas da pesquisa e do trabalho
académico. 2. ed. Novo Hamburgo: Feevale, 2013.

[14] M. M. Ventura. O estudo de caso como modalidade de
pesquisa. Rio de Janeiro, 2007.

[15] Instituto Brasileiro de Geografia e Estatistica - IBGE.
Geociéncias, 2010. Auvailable in:
<https://downloads.ibge.gov.br/downloads_geociencias.htm
>. Accessed May 13, 2018.

[16] Instituto Brasileiro de Geografia e Estatistica - IBGE.
Sinopse por setores, 2010. Available in:

ISSN: 2231 — 5381 http://www.ijettjournal.org Page 5



https://censo2010.ibge.gov.br/sinopseporsetores/
https://cidades.ibge.gov.br/brasil/mg/cataguases/panorama
https://cidades.ibge.gov.br/brasil/mg/cataguases/panorama
https://cidades.ibge.gov.br/brasil/mg/cataguases/panorama

