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ABSTRACT

The objective of this work is to propose a model to aid the decision-making process regarding
locations for the opening of new Distance Education (DE) centers. Uniquely, this work addresses
this problem from a multi-criteria perspective, employing the Analytic Hierarchy Process and
Condorcet methods. The action alternatives were defined based on five criteria encompassing
socioeconomic aspects of the municipalities analyzed. When applied to past decisions, the model
resulted in solutions that diverged from those taken at the time, leading to less efficient centers.
The third case recommends the municipality of Eugendpolis for the opening of the future DE
center. The methods employed for this type of problem are generally based on a single criterion,
resulting in a reductionist view of the problem. The proposed model proved efficient because it
uses quantitative data from the studied municipalities, reducing the uncertainties and risks involved
in opening new DE centers.
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SELECAO DE MUNICI'PIAOS PARA ABERTURA POLOS
DE EDUCA(,;AO A DISTANCIA: UMA MODELAGEM
MULTICRITERIO

RESUMO

O objetivo deste trabalho é propor um modelo que auxilie o processo de tomada de decisao sobre
locais para a abertura de novos polos de Educacéo a Distancia (EaD). De forma inédita, este trabalho
aborda este problema sob 6tica multicritério, empregando os métodos de Analise Hierdrquica e
Condorcet. As alternativas de acao foram definidas com base em cinco critérios que abrangem
aspectos socioecondmicos dos municipios analisados. O modelo, quando aplicado a decisées do
passado resultou em solucoes divergentes as tomadas na época, as quais resultaram em polos
pouco eficientes. O terceiro caso recomenda o municipio de Eugendpolis para a abertura do futuro
polo de EaD. Os métodos empregados para este tipo de problema sao, em geral, baseados em
um unico critério o que resulta em uma visao reducionista do problema. A modelagem proposta
mostrou-se eficiente pois usa dados quantitativos dos municipios estudados, diminui as incertezas
e 0s riscos envolvidos na abertura de novos polos de EaD.

Palavras-chave: Educacdo; Decisdo; Apoio Multicritério a Decisdo; Método de Anélise Hierarquica.

SELECCION DE MUNICIPIOS PARA LA APERTURA DE
CENTROS DE EDUCACION A DISTANCIA: UN MODELO
MULTICRITERIO

RESUMEN

El objetivo de este trabajo es proponer un modelo que facilite la toma de decisiones sobre la
ubicacién de nuevos centros de Educacién a Distancia (ED). Este trabajo aborda el problema desde
una perspectiva multicriterio, empleando el Proceso Analitico Jerdrquico y el método de Condorcet.
Las alternativas de accion se definieron en funciéon de cinco criterios que abarcan aspectos
socioeconomicos de los municipios analizados. Al aplicarse a decisiones pasadas, el modelo arrojo
soluciones que divergieron de las adoptadas en su momento, lo que resultd en centros menos
eficientes. El tercer caso recomienda el municipio de Eugendpolis para la apertura del futuro centro
de ED. Los métodos empleados para este tipo de problema suelen basarse en un Unico criterio,
lo que conlleva una vision reduccionista del mismo. El modelo propuesto demostrd ser eficiente
al utilizar datos cuantitativos de los municipios estudiados, reduciendo asi las incertidumbres vy los
riesgos asociados a la apertura de nuevos centros de ED.
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Palabras clave: Educaciéon; Toma de Decisiones; Sistema de Apoyo a la Toma de Decisiones
Multicriterio; Proceso de Jerarquia Analitica.

1. Introduction

Advances in Information and Communication Technologies (ICT) have enabled new forms of
interaction among individuals, thereby facilitating education. ICT makes it possible to break away
from pre-established classroom structures, as it expands the concept of teaching space and time. It
can be used to transform the formal learning environment, promoting creativity, engagement, and
collaborative associations within the teaching-learning process (MORAN, 2000; ZARE et al., 2016).
With the increased use of ICT, Distance Education (DE) has become a feasible and technically
viable mode of instruction. The improvement of technological resources (hardware, software, and
the internet) has created a favorable environment capable of ensuring the proper functioning of
courses, enabling their expansion and democratization (ALVES, 2011; SILVA et al., 2011; BASTOS
et al., 2013; LIMA et al., 2013).

An important aspect for ensuring the quality of courses offered through Distance Education
(DE) is the physical infrastructure where classes are conducted. On-site support centers must have
structures that guarantee the quality of the content delivered by providing access to research
materials and didactic resources for practical and laboratory-based classes. However, the mere
availability of an appropriate location for student support does not ensure that course offerings will
be successful. The performance of a center depends on the number of enrolled students, demand
for opening new cohorts, the relationship between the courses and the municipality’s economic
profile, among other factors (BRASIL, 2007a).

In the courses offered by Federal Institutes of Education in partnership with the e-Tec Brasil
Network, on-site support centers are generally hosted in municipal public schools, with the municipal
government being responsible for providing the didactic and pedagogical resources required for
the center's operation (BRASIL, 2007a). Currently, it is evident that the establishment of some
Distance Education (DE) centers has not produced the expected results. This occurs because the
methodological model used for opening new centers has raised questions regarding how these
decisions have been made. This issue justifies the development of research aimed at proposing new
methodologies, grounded in reliable criteria to support the decision-making process.

Some studies have been conducted with the aim of proposing optimal locations for schools.
However, these models are based on solutions that consider only a single criterion. Pizzolato and
Silva (1993), and Barcelos, Pizzolato, and Lorena (2004), proposed the use of p-median methods
applied to GIS and heuristic approaches for the location of public schools. The innovation of this
article lies in proposing a model for the location of Distance Education (DE) centers using Multi-
Criteria Decision Aid (MCDA) techniques. The issue of selecting potential municipalities for the
establishment of new DE centers is related to the analysis of the characteristics required to ensure
the sustainability of the new center.
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Decision-making must consider practical, accessible, and reliable criteria for selecting the best
alternative. An important contribution to solving this problem is the use of Multi-Criteria Decision
Aid (MCDA) techniques. MCDA methods are useful for modeling decision-making processes,
commonly applied to the selection, classification, or ranking of viable alternatives that can be
compared in light of multiple criteria (FREITAS & COSTA, 1998; CHEN, 2015).

Multi-criteria techniques have been applied in various fields, such as environmental sciences
(CEGAN et al,, 2017), healthcare (DIABY et al., 2013), energy (KABLAN, 2004), and many other
applications (ABDULLAH and ZULKIFLI, 2015; ZYOUD and FUCHS-HANUSCH, 2017). In the
educational field, this methodology has also been applied in diverse ways (PONS and AGUADO,
2012; JOHNES, 2015; SHAHRAKI et al., 2016).

In this context, the objective of this article is to propose a model capable of supporting the
decision-making process regarding the selection of locations for the establishment of new on-site
support centers intended for the offering of Distance Education (DE) courses. To this end, this
research is based on the use of Multi-Criteria Decision Aid (MCDA) techniques, specifically the AHP
method.

2. Literature Review

2.1. Distance Education in Brazil

Distance Education (DE) is the fastest-growing modality of education in Brazil. Currently,
in higher education alone, there are more than 5 million students enrolled in the country. The
significant growth of distance education (DE) in Brazil, as observed in data from recent editions
of the Censo EAD.BR report, indicates that this educational modality is experiencing an important
moment of consolidation, methodological development, and improvement of academic processes
and services (ABED, 2020). Figure 1 presents on-campus and distance education enrollments in
Brazil in undergraduate programs between 2014 and 2024 (INEP, 2024).
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Figure 1. Enrollment trends in undergraduate programs by mode of instruction (on-campus and Distance Education)
in Brazil, from 2014 to 2024.
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An important aspect to be considered in the process of expanding Distance Education (DE)
programs in Brazil is the management of their infrastructure. The establishment of new on-site
centers requires a significant allocation of human and financial resources to ensure the desired
quality of the in-person components of these courses (BRASIL, 2011). The process of selecting,
defining, and consequently deciding on the opening of such centers does not guarantee their
success. This occurs because the evaluation instrument used for the establishment of new DE
centers is limited, as it is based on only two criteria: physical infrastructure and demand assessment.

2.2. Multi-Criteria Decision Aid

MCDA consists of a set of methods designed to support individuals and organizations in
decision-making under the influence of multiple criteria. According to Gomes et al. (2006), the
multi-criteria approach presents the following characteristics: (a) complex problems composed of
more than one criterion, some of which may be conflicting; (b) decisions are made by multiple
stakeholders who define the relevant aspects of the decision-making process; (c) each stakeholder
has their own subjectivity (value judgments); and (d) it assumes that the problem is not clearly
defined nor well structured.

The Analytic Hierarchy Process (AHP) stands out as one of the most widely used MCDA
methods (SAATY, 2008). The modeling approach employed in AHP consists of structuring the
problem in a hierarchical form or levels. The first hierarchical level corresponds to the focus of the
study, while the subsequent levels consist of the criteria and sub-criteria according to which the
alternatives will be evaluated.
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The alternatives or possible solutions are described at the lowest level of the hierarchy.
Decomposing the decision-making problem into a hierarchy makes it more understandable, as each
criterion can be analyzed independently, which reduces potential error (WU et al., 2012). AHP
establishes local and global priorities, which identify the best solutions for each criterion or sub-
criterion and provide a joint analysis of all criteria to achieve an optimized final result (HUANG,
2015; SHAHRAKI, 2016).

3
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One of the main advantages of AHP is its versatility and adaptability for analyzing various
decision-making problems (LEE, 2014). In the educational field, AHP is applied in the evaluation and
performance measurement of educational institutions, in the selection of systems for educational
environments, and in the introduction of multimedia authoring tools for decision-makers (CORRO
and VERA, 2014; KIM, 2014; JOHNES, 2015).

The mathematical modeling of the AHP method involves the construction of matrices that
lead to a final result. The study by Costa (2006) presents the mathematical foundation of the AHP
method, and a summary of the modeling approach can be found in Mendes et al. (2013) (Figure 2).

Figure 2. AHP method in stages.

Summary of the AHP Method according to Saaty

Sequence 13111(1111:2:::: Equation Description
all al2 al3 aln|  Formation of decision matrices: expresses the number of times an
azl a2z a3 a2n|  alternative dominates or is dominated by the others (ARAYA et
Ist step Eq. 1 al., 2004).
anl anZ2 an3 .. an4 . . . . ; i
n 1/n Eigenvector (Wi) calculation: consists of ordering the priorities or
2nd step Eq.2 Wi = l_[Wij hierarchy of the studied characteristics (COSTA, 2006).
j=1
3rd step Eq 3 T= (W1 w2 W3 | Normalization of eigenvectors: enables comparability between the
IxWi~ YWi’ Y Wi criteria in the consistency matrix and the criteria weights
4th step Eq. 4 Mmax =TxW (COSTA, 2006).
5 Consistency Index (CI): allows the evaluation of the degree of
Amax. —n ) . , R . )
Sth step Eq. 5 = ﬁ inconsistency in the pairwise comparison matrix (COSTA, 2006)
I . 5 . - .
Consistency Ratio (CR): assesses inconsistency relative to the
6th step Eq.6 RC = E order of the judgment matrix. If the value is greater than 0.10, the
CA

model and/or judgments should be revised (COSTA, 2006).
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3. Methodology

The development of this study involved the following methodological steps: (a) theoretical
foundation for the development of the research; (b) definition of the decision-makers to be addressed
by the proposed methodology; (c) identification of the analysts responsible for the modeling process,
including the experts consulted; (d) definition of the alternatives and the problem situations in
which they were analyzed; (e) development of the criteria and sub-criteria structure, as well as the
definition of weights; and (f) proposal of a hierarchical structure for the problem.

3.1. Decision-Maker

The decision-making process in this study aims to support the managers of Distance Education
(DE) programs, who must be prepared to handle financial planning, student admission processes,
course offerings, the design of new programs, and the establishment of new DE centers, among
other responsibilities. DE managers are required to share their decisions with the Permanent Forum
on Distance Education (BRASIL, 2015), and this study is also directed toward this collegiate body.

3.2. Analyst

The analysts in this study are the Deputy General Coordinators of each campus. When a
campus plans to establish a new center, it is the coordinator’s responsibility to conduct a prospecting
study to identify municipalities interested in signing a cooperation agreement with the Federal
Institute, in order to enable the implementation of Distance Education (DE) centers.

3.3. Alternatives

For the development and validation of this study, the proposed model was applied to three
distinct situations, each composed of three alternatives (Figure 3). The first two “problem situations”
(Problems 1 and 2) correspond to decisions that have already been made, while Problem 3 refers
to a decision that has not yet been taken. The alternatives consist of three distinct groups of
municipalities, all located within the same geographic region of the state of Minas Gerais, under the
jurisdiction of the IF Sudeste MG - Muriaé Campus.

Revista Brasileira de Aprendizagem Aberta e a Distancia, Sdo Paulo, v. 25, n. 02, 2026.



m WV Revista Brasileira de #

A A Aprendizagem Aberta e a Distancia ABED

Figure 3. Location of candidate municipalities for the establishment of a Distance Education (DE) center in relation to
the municipality of Muriaé, where the IF Sudeste de Minas Gerais — Muriaé Campus is located. Case study conducted
in three situations: Problems 1, 2, and 3.
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Antonio Prado de Minas

Problem 1: Mirai; Guiricema;

S0 Sebastido da Vargem Alegre Problem 2: Tombos; Divino; Ervalia

g d

Source: Prepared by the authors.

3.4. Criteria

In order to gather specific information on possible criteria to be analyzed in the process of
establishing DE centers, a five-stage research process was conducted. The first and second stages
focused on the search for scientific publications related to the proposed topic. Several articles
addressing Distance Education, tutoring, on-site support centers, and pedagogical processes
available on Google Scholar were analyzed. Subsequently, the research focused on a bibliometric
analysis of scientific production, following the methodology proposed by Costa (2010). This
research resulted in the development of the so-called “starting core,” based on articles related to
the fields of multi-criteria decision aid, Distance Education, and the AHP method.

The third stage focused on the search for studies conducted in public or private institutions
addressing the profile of students enrolled in distance learning programs. This analysis suggested
the use of the 2014 Brazilian Distance Education Census (Censo EaD.BR) (ABED, 2014). The
fourth stage consisted of research in institutional documents from the Secretariat of Technological
Education (SETEC) and the Ministry of Education. The purpose of this review was to assess
relevant aspects associated with the successful implementation of an on-site support center and
its courses. The most important documents in this stage were the “Quality Benchmarks for Higher
Distance Education” (BRASIL, 2007b). Finally, an interview was conducted with DE coordinators
from IF Sudeste MG, aiming to identify criteria related to the scope of this study. Table 1 presents
a synthesis of the criteria and sub-criteria selected across the five stages of this research, as well
as their descriptions, sources, scales, and preference directions.
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3.4.1. Population Criterion

The “population” criterion was subdivided into two sub-criteria: “general population” and
“specific population.” The “general population” sub-criterion encompasses information regarding
the total population of the municipalities. Assessing the “general population” is important because,
from an economic standpoint, it is not feasible for a Distance Education (DE) center to operate
over a short time horizon. To evaluate the population of the studied municipalities (urban and
rural), data from the Brazilian Institute of Geography and Statistics (IBGE, 2010) was consulted,

specifically from the “Cidades@” database.

Table 1. Information related to the criteria and sub-criteria used in the modeling.

Criteria Subcriteria Description Origin Scale Prgfere'nce
Direction
Assessment of the
1.1. General inhabitants of a
municipality.
1.Population '?\!IBB(EED (228115‘) P Toltal. Maximization
Assessment of inhabitants ( ) opulation
1.2.Specific aged between 20 and 39
years.
2. Households .
with Internet : Computers with Internet | g g (h510) Total Maximization
access per municipality. Households
Access
3.1.Number of EXISte:rcrem?giTiggIiStChOOIS Number of Maximization
High Schools P pality- Schools
3.Future
Demand o IBGE (2010)
3.2 Number of Students enroIIe.d.ln hlgh Number of Maximization
school per municipality. Enroliments
Enrollments
Formally employed
4. Economic workers, by subsector, Nudmero de
V'ocation - compatible with the EAD vinculos Maximization
(distance learning) courses MTE (2015) empregaticios
offered in the municipality.
Existence of educational o
institutions offering . Quantitative Minimization
5.1.Local in-person or distance Sistema "S"; scale from O
technical courses in the Setec; MEC to 8 (Table 3)
5.Competition municipality
Higher education Quantitative
. institutions offering scale from 1 L
>-2.Regional undergraduate education in | Google Maps | to 9 (Table 4) Maximization
the region

Source: Prepared by the authors.
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The age range variable of the “specific population” sub-criterion is another relevant piece
of information, as it allows for inferring whether a given municipality has a target audience of
minimum age eligible for enrollment (ABED, 2014). Technical courses in Distance Education (DE)
offered by IF Sudeste are sequential, meaning that only students who have completed secondary
education are eligible to begin a technical program. To define the age range, the profile outlined
by the Censo EaD BR (ABED, 2012) was considered. This study showed that 50% of students fall
within the 18 to 30 age group, and 43% within the 31 to 40 age group. The “Cidades@” database
(IBGE, 2010) provides population data by age groups; however, these data do not exactly match
the age interval used in the Censo EaD BR. Therefore, the closest intervals were used: 20 to 24
years, 25 to 29 years, and 30 to 39 years.

3.4.2. Internet-Access Households Criterion

As the computer is the main support tool enabling the interface between students and
instructors, the “internet-access households” criterion assessed, in the municipalities where a
new DE centeris intended to be established, the number of households with internet access. This
information was obtained from the IBGE “Cidades@” database (2010).

3.4.3. Economic Profile Criterion

This criterion was used to identify the set of political, economic, and social factors in the
region, as well as the main activities that sustain the local productive system. These data make
it possible to determine which technical courses could be offered at the centers, in accordance
with the qualification demands of a given municipality. The database of the Ministry of Labor
and Employment (BRASIL, 2015b) was used to classify the economic profile of the municipalities,
through the RAIS and CAGED statistical databases.

3.4.4. Future Demand Criterion

The “future demand” criterion gathers data that are essential for assessing the sustainability
of Distance Education (DE) course offerings. Technical courses at IF Sudeste offer 50 seats per
cohort, with an average duration of 18 months. Therefore, the number of high school graduates
in a municipality is directly proportional to the number of potential applicants. This criterion
was subdivided into two sub-criteria: “number of high schools” (public and private) and “number
of enrollments.” Data for these sub-criteria were obtained from the IBGE “Cidades@” database
(IBGE, 2016).

3.4.5 Competition Criterion

This criterion encompasses information related to the qualification opportunities available
to the population in their municipality of residence or in neighboring cities. Within this criterion,
it is assumed that the greater the number of educational institutions, the more difficult it
becomes to attract the target audience. This criterion was subdivided into two sub-criteria:

“‘local competition” and “regional competition.”
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The “local competition” sub-criterion assessed whether a given municipality has other
institutions offering technical and vocational courses, either in on-site or Distance Education (DE)
modalities. This criterion was measured using a scale ranging from very low to very high (Table
1). According to this classification proposal, the greater the number of educational institutions
offering courses in the municipality, the higher the level of local competition.

Table 1. Proposed Method for Measuring the Degree of Local Competition

Degree of Competition Scale

Number of institutions offering courses in the

municipality
Very Low (O) 0
Low (2) 12
Medium (4) 2 -| 3
High (6) 344
Very High (8) > 4

Source: Prepared by the authors.

The ‘“regional competition” sub-criterion assessed the proximity of the center to other
educational institutions in the region. To measure this criterion, a “degree of distance” scale
was proposed, ranging from very low to very high. The classification scale adopted in this study
considered that the greater the distance, the greater the difficulties in students’ commuting to
pursue their studies. The minimum interval adopted was 50 km (very low), as this represents the
approximate minimum distance between educational institutions within the coverage area of IF
Sudeste MG (Table 2). To assess the distance between municipalities eligible to host DE centers,

the Google Maps tool was used.

Table 2. Proposed Method for Measuring the Degree of Distance

Degree of Distance Scale (value) Distance (km)
Very Low (1) >50
Low (3) 50 4100
Medium (5) 100 150
High (7) 1504200
Very High (9) > 200

Source: Prepared by the authors.
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3.5. Definition of Criteria Weights

To define the weights of the criteria and sub-criteria, DE specialists were invited to respond
to a questionnaire in order to assess their preferences. The Condorcet method was used for
weighting, consisting of pairwise comparisons among the criteria. In each comparison, the winning
criterion receives 2 points and the losing one receives O points. In the case of a tie, both criteria
receive 1 point. Based on 17 questionnaires, the weighting of the criteria was established.

The data were grouped, summed, and transformed into Saaty’s (2008) fundamental scale,
with values ranging from 1 to 9. The criteria were evaluated and scored pairwise, resulting in a
matrix of judgments for the main focus criteria of the problem, as shown in Figure 5. The IPE
software version 1.0 was used to perform this evaluation.

4. Results

Figure 4 presents the hierarchical structure proposed in this study, composed of 5 criteria, 6
sub-criteria, and the alternatives evaluated in Problems 1, 2, and 3.

Figure 4. Hierarchical structure of the proposed problem.

Selection of municipalities for the implementation

Main focus . X
of new EAD (distance learning) centers
Households
Criteria Population with Internet Competition
access
Subcriteria General Specific Number of Number of e e
population population high schools enrollments

Alternative 1

Alternatives Alternative 2

Alternative 3

Source: Prepared by the authors.
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In Figure 5, the judgments of criteria and sub-criteria weights obtained through
questionnaires applied to DE specialists are presented. The weights, initially defined using
the Condorcet method, were converted into Saaty’s (1990) fundamental scale of values. The
Consistency Ratio (CR), ranging from O to 0.057, indicates consistency in the judgment of
weight values. The values of Local Mean Priorities (LMP) represent how much one criterion is
stronger than another. According to this assumption, the “economic profile” criterion (C3) was

the most relevant, while C2 (internet-access households) was the least important criterion.

Figure 5. Weight matrix of criteria and sub-criteria. Legend: C1—population (C1.1—general and C1.2—specific); C2—
internet-access households; C3—economic profile; C4—future demand (C4.1—high schools and C4.2—number of

enrollments); C5—competition (C5.1—local and C5.2—regional). LMP: Local Mean Priorities.

c1
c1 1
c2 1/5
c3 1
C4 1/5
c5 1/3
Population
C11 cC1.2
c1.1 1 1/4
G2 4 1

Consistency ratio = 0,000

Criteria
Cc2 c3
5 il
1 il75;
5 1
1 174
5 1/4

Consistency ratio = 0,57

Subcriteria

Future demand

C41 C42 PML

1 1/4 0,200
4 1 0,800

Cc41
C4.2

Consistency ratio = 0,000

c4 c5 PML
2 = 0,344
1 175 0,059
4 4 0,354
1 1/4 0,064
4 1 0,179

Competition

€51 C52 PML
1 4 0,800
1/4 1 0,200

C5.1
C5.2

Consistency ratio = 0,000

Source: Prepared by the authors.
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Table 3 presents data on the municipalities studied and was used to establish pairwise
comparisons among the alternatives for each of the criteria and sub-criteria used in the model.

Table 3. Data on the selected criteria for the evaluation of the municipalities under study.

Criteria
Population Future demand Competition
i Households with
Alternatives General Specific Internet access Economic vocation Number Number of L -
population | population of schools | registrations ocal Regional

Problem 1
Mirai 13.808 4.206 13.808 4435 2 435 0 5
Huiricema 8.707 2.512 8.707 2267 1 346 0 3
SSVA 2.798 867 2.798 1316 1 81 0 5

Problem 2
Tombos 9.033 1.442 553 3072 1 264 1 7
Divino 20.012 5.786 743 3804 3 746 0 7
Ervélia 18.868 5.893 536 5301 2 561 1 5

Problem 3
Eugenépolis 11.169 3.324 484 3552 1 298 1 7
Miradouro 10.759 3.254 408 3199 1 390 2 7
Ant. P.de M. 1.667 450 96 634 1 59 1 7

Legend: SSVA — S&o Sebastido da Vargem Alegre; Ant. P. de M. — Anténio Prado de Minas.
Source: Prepared by the authors.

Based on Table 3, judgments were performed using the AHP method. The results of these
judgments across the three problem situations in which the methodology was applied are
presented in Figure 6. It can be observed that all judgments were consistent, as they yielded
results within the expected standards (CR < 0.1).
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Figure 6. Judgment of alternatives for Problems 1, 2, and 3 in light of the criteria used in the study. Shaded highlights
indicate the winning Local Mean Priorities (LMP).
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In Problem 1, the municipality of Mirai (A1) was the winning alternative in most of the analyzed
criteria, except for “Regional Competition,” and was therefore selected for the establishment of a
DE center (Figure 7).

The municipalities of Ervalia (A3) and Divino (A2) were the most prominent in Problem 2. It
is important to note that Divino outperformed Ervalia in five criteria; however, Ervalia performed
better in the criteria with the highest weights—“Economic Profile” and “Specific Population” (Figure
5)—and was therefore selected as the recommended alternative (Figure 7).

In Problem 3, applied to a future decision, alternative A1 (Eugenodpolis) was the winner in
most criteria. On the other hand, alternative A3 (Anténio Prado de Minas) proved to be the least
attractive choice (Figure 6). In this case, Eugendpolis should be selected for the implementation of
a new DE center.
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Figure 7. Result of the AHP method, showing that the municipalities of Mirai (59%), Ervélia (49%), and Eugendpolis
(55%) should be prioritized. Legend: SSVA: S3o Sebastido da Vargem Alegre; APM: Anténio Prado de Minas.

Problem 1 Problem 2 Problem 3

Ervalia

Eugenopolis
49% genop

Guiricema

Miradouro 55%

28% Divino 31%
o

38%

Source: Prepared by the authors.

5. Discussion

The focus of this study was the development of a new evaluation model for potential
municipalities for the implementation of Distance Education (DE) centers. Currently, decisions
made by educational institutions offering courses in this modality are carried out in an
empirical manner, without clear criteria and are influenced by political aspects. Under these
circumstances, the decision-making process is evidently affected by imprecise information,
contributing to the occurrence of flawed decisions. Clarity in the decision-making process
is an essential characteristic in organizations, as it leads to reduced uncertainty, a greater
likelihood of successfully selecting the best alternative, and cost minimization (SHAKOURI
and TAVASSOLI, 2012; OTHMAN et al., 2012).

The AHP method has been applied in various fields of knowledge, such as the energy
sector (KABLAN, 2004), the prioritization of locations for infrastructure investments (CHANG
et al., 2012), and human resource management (ABDULLAH and ZULKIFLI, 2015), among
others. In the educational field, this methodology has also been applied in diverse ways,
such as in determining locations for school establishment (SHAHRAKI et al., 2016) and in
school construction technologies (PONS and AGUADO, 2012). In Taiwan, the AHP method
was used to determine factors influencing medical students in selecting their specialties
(CHANG et al., 2006). In Spain, this method was employed to assist companies and students
in internship processes (CALVO and D’AMATO, 2015). The evaluation of education systems
in England and India was also based on AHP (DAS et al., 2013; ZHANG, 2014), while in Italy
this methodology was used to assess the quality of educational services (LUPO, 2013). Other
methodologies can also be applied to school location problems (PIZZOLATO et al., 2004).

| 16

Revista Brasileira de Aprendizagem Aberta e a Distancia, Sdo Paulo, v. 25, n. 02, 2026.

© VG Educacional



A VA Revista Brasileira de #

A A Aprendizagem Aberta e a Distancia ABED

The validation stage of the model proposed in this study was important to ensure
reliability in the decision-making process and to understand the variables that influence the
problem. The importance of this stage is supported by Shakouri and Tavassoli (2012), who
state that the validation process is the most important stage in the development of any
model. According to Borenstein and Becker (2000), validation represents the behavior of
the model in a specific real-world problem. To validate the model proposed in this study, the
alternatives were grouped into three “problem situations” (Figure 3).

In each problem, the objective was to select a municipality that presented the most
favorable conditions for the establishment of a Distance Education (DE) center. Problems
1 and 2 refer to decisions that were implemented in the past, that is, they were based
on an empirical decision-making approach. Applying the proposed model to past decisions
(Problems 1 and 2) made it possible to compare its results with those obtained at the time
(Table 4). One such case is the municipality of Sdo Sebastido da Vargem Alegre (alternative in
Problem 1), which was selected to host a DE center in a decision made in 2012. This campus
began its activities offering courses in Administration and Agroecology; however, only one
cohort per course was formed due to several issues, such as lack of demand, internet access
problems, availability of computers, and issues related to the municipality’s economic profile.
If the proposed model had been applied at the time, it would have indicated that there were
municipalities in the same geographic region with more favorable conditions for offering
technical courses.

Another relevant case involves the municipality of Ervélia (Problem 2). The model
suggests that this municipality should be selected (49% priority); however, in a previous
decision, DE centers were established in the municipalities of Tombos and Divino, which
are currently facing demand-related problems. Problem 3, composed of the municipalities
of Eugenopolis, Miradouro, and Antéonio Prado de Minas, is the only one representing a
geographic region that has not yet been analyzed by the management team for the provision
of technical DE courses, and therefore provides valuable information that may be used in the
future to definitively validate this model.

It is possible to conclude, based on the results obtained in this study, that the multi-
criteria method was effective in suggesting locations for the establishment of new DE
centers. Several methodological procedures contributed to the reliability of the model.
The bibliographic review, carried out as a starting point and including articles, DE-related
legislation, and institutional documents, was essential for defining the criteria (Table 1) and
identifying related studies. Consultation with specialists was important for validating the
criteria structure and for weighting them; the use of the Condorcet method added robustness
to this stage.

However, the proposed model should not be understood as a definitive answer to this
type of problem, but rather as a viable solution to a complex situation involving multiple
decision-makers and high levels of human and financial investment, and which should
therefore be supported by technical attributes capable of minimizing errors throughout the
process.
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Table 4. Comparison of Results: Current and Previous

Decision indicated by Decision made by CURRENT STATUS OF THE POLE
the model managers
Problem 1 (Past) Mirai (59%) Sdo Sebastido da The center is c?lose:.d due to low demand and
Vargem Alegre limited internet access.
Problem 2 - o The center is open, with the first course offerings,
(Present) Ervélia (49%) Tombos but with low demand.
Awaiting decision by the management group. The
Problem 3 T . T e
(Future) Eugenopolis (55%) Indefinida municipality of Eugenopolis is recommended for
future expansion.

Source: Prepared by the authors.

Regarding the importance of effectiveness in the decision-making process, Almeida (2013)
emphasizes that the decision-maker is responsible for the decision taken and, therefore, will be held
accountable for its consequences and for results that may, eventually, be unsatisfactory. In public
organizations, the responsibility for the correct and efficient allocation of resources is even greater
than in private organizations, since the misuse of public resources harms not only the institution
but also all citizens.

The AHP method has the ability to capture the imprecision of human judgments by assigning
weights and structuring them within a more objective system. It promotes consensus among
decision-makers and reduces uncertainty, thereby facilitating the decision-making process (CHEN
et al., 2015). However, Chou et al. (2012) present an opposing view regarding the accuracy of
the AHP method, arguing that it has certain shortcomings, such as the use of a highly unbalanced
weighting scale and the fact that it does not account for the uncertainty associated with human
judgment, since subjective assessments based on decision-makers’ preferences influence the final
outcome.

Regarding the subjectivity highlighted by Chou et al. (2012), the methodological procedures
applied in this study sought to minimize this effect. This was achieved through the development
of Table 3, which presents data for each criterion and sub-criterion drawn from official sources
such as IBGE, MTE/RAIS, MDIC, and the “S” system. These sources provide quantitative data
to decision-makers and concrete information to support the evaluation of alternatives, thereby
reducing subjectivity.

It is important to emphasize that the proposed model can and should be adapted to each
case. The criteria, as well as their weights, can be adjusted according to the needs of each institution,
taking into account its own particularities (regional characteristics or institutional regulations). To
assign values to the “competition” criterion, two classification approaches for the alternatives were
proposed (Tables 1 and 2). These proposals are tailored to the region in which IF Sudeste operates.
However, it is recommended that the value scales suggested in Tables 1 and 2 be revised when
applying this model in regions with different socioeconomic characteristics.

Thus, the use of this model is not limited to IF Sudeste MG; on the contrary, it can be applied
by other educational institutions worldwide.
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6. Conclusion

The multi-criteria methodology (AHP method) is a technique that, when applied in a well-
founded manner, is efficient and proven to support the decision-making process. The development
of methodologies that assist managers in decision-making regarding the establishment of on-site
centers improves the efficiency of the allocation of financial, human (teachers/tutors), and physical
(facilities/equipment) resources, which are essential for the functioning of Distance Education (DE)
centers.

The proposed model identified the municipalities of Mirai, Ervalia, and Eugendpolis (Table 4)
as potential locations for the establishment of DE centers. It is important to emphasize that the
decisions in Problems 1 and 2 did not coincide with past decisions, whose centers currently present
demand-related issues.

The methodology proposed in this study is also applicable to other areas, such as the
identification of municipalities suitable for offering non-DE courses, market research, logistics, and
business opportunity analysis in municipalities, thus serving as a starting point for the development
of new scientific studies.
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