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I

I.

Introduction

n general, consumers have changed their way of
thinking and acting, being more demanding in terms
of the search for the added value that products and
services can provide them. This change is no different in
the educational field, since defining quality in education
is not trivial because it involves several functions and
activities that directly or indirectly influence the concept.
The growth in the number of public educations
institutions in Brazil, inrecent decades, has driven
Author α: Department of Technology, Federal University
Pernambuco, Caruaru, Brazil. e-mail: renatamaciel0@gmail.com
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studies and research on the dynamics of what has led
to this evolution and its influence on the educational
development of the country. From this, several
opportunities arise on how to improve the management
process to guarantee quality in education.
Even with so many different definitions, there is
a common understanding that quality in education is not
measured only by the performance of students. It is
above all, according to Coutinho & Borges (2018), a
consequence of well-conducted processes that lead to
the expected learning, which offers an adequate for the
acquisition of knowledge and well-prepared and
instrumentalized teachers for the conduct of students.
According to Cassol et al. (2012), the quality of
Brazilian education has low-performance rates when
compared to other countries in the world. Among the
major causes related to this, the same authors mention
some: lack of investment efficiency, ill-prepared
professionals, lack of adequate school management,
etc. Achieving excellence in teaching is today a huge
challenge and, schools need to develop different
strategies than what has been offered today to achieve
this goal.
Santos & Melo (2019) define that quality
management is an essential perspective for the
development
of
efficient
management,
and,
increasingly,
managers
of
organizations
are
complementing their strategic quality planning with the
support of the other tools to achieve competitive
advantage. In this context, having an effective quality
management system (QMS) is essential to maintain a
regular supply of high-quality products and services to
customers (Zu & Kaynak, 2012).
Therefore, according to Cassol et al. (2012), the
adoption of a quality management system in education
seeks to ensure that planning, organization, control, and
leadership are conducted, ensuring assertiveness and
continuous improvement of its performance and,
especially quality of education, that is the development
of student’s skills.
Organizations regularly need to make decisions
under varying criteria that conflict with each other.
Based on this scenario, developing a multi criteria
analysis that assists in this process will be of great help
© 2020 Global Journals
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Competitiveness is increasingly rooted in
organizations. Therefore, the pursuit of excellence in the
provision of services has been a challenge for those wishing to
occupy prominent positions. This reality is usual in public
schools that make decisive decisions in the face of
constraints, as resources are limited and need to be well
managed. Quality management has been a strategy adopted
by many educational institutions in the pursuit of process
improvement and has inspired many organizations in this
regard. This work intends to be an opportunity for schools
experiencing difficulties in implementing and maintaining a
Quality Management System (QMS) based on ISO
21001:2018. For this, we propose amodel, which aimed to
integrate the Failure Mode Effects Analysis (FMEA) of the
process and the PROMETHEE II method and the adoption of
two new criteria (Difficulty for failure mode resolution and Time
required for fault mode to be “solved”). The model was
composed of alternatives that represent the potential failure
modes of Traditional FMEA, which were raised in the literature
and through a semi-structured interview with the decisionmaker. The differential of this work is in the adoption of two
new criteria that differ from those addressed on traditional
FMEA: Difficulty in failing mode resolution and Time required
for the failure mode to be “cleared.” The application happened
in an institution of the integral public education system,
located in the State of Pernambuco (Brazil), supported by the
Visual PROMETHEE software. In the end, the ordering among
the barriers considered most critical to the QMS
implementation process was obtained and, there was the
development of guidelines to solve them.
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in minimizing the negative consequences that decisionbased on only one criterion can cause.
Consequently, this work seeks to develop a
multi criteria analysis to order the most critical failure
modes in the process of implementing and maintaining
a QMS is a public-school institution. For this, there was
the integration between the FMEA of the process and
PROMETHEE II.
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II. Quality Management in Educational
Institutions
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For the institutions to function correctly,
according to Rodríguez-mantilla, Fernández-cruz&
Fernández-díaz (2019), they must have enough teachers
and resources to carry out their activities. However, such
an action does not always happen.
In the last decades, there has been a
development and massification of education, which has
not always corresponded to the transfer of public funds
for education in the same proportions (Parker, 2002).
This situation has led educational institutions, in the
sense of guaranteeing quality, to seek to do more and
better with fewer resources (in relative terms) and has
raised issues of management effectiveness and
responsibility. For Sahney, Banwet, and Karunes (2004),
quality starts with the client and at the same time is
conceptualized by the client, so it is up to them to
identify and provide the best performance with the
resources that the organization has.
I this context, the educational institution that
intends to achieve excellence in its services through a
quality management system must present specific
characteristics (Figueiredo Neto & Rodrigues, 2000):
focus centered on its main client, the student;
managers’ commitment, vision, documented and
optimized processes, trained employees to perform
tasks, information with quick and correct circulation,
concern with innovation and change and strong team
spirit.
In the face of all of this discussion, a term
widely applied in the practice of quality management in
education and which is fundamental to the pursuit of
excellence is Total Quality Management (TQM), in other
words, it is a management approach used by an
organization centered on quality, where the participation
of all members is extremely critical and fundamental for
the achievement of successful objectives. Wahid (2019)
records this fundamental aspect of everyone’s
involvement to obtain good results at the university, for
example.
In this way, TQM can be considered as the
basis for the implementation of other improvement
approaches. In education, a difficulty pointed out by
Xavier (1991) is that the raw material of the processes,
the student, is heterogeneous. Each one brings a wealth
© 2020 Global Journals

of knowledge, customs, cultures, etc., making the exit
process a very unpredictable process.
The same author also points out are five points
that managers must consider in education in the search
for total quality, namely:
● Compliance: the service provided by the institution
must be by the previously defined specifications;
● Prevention: involves the measures used by the
institution to avoid mistakes made in the process;
● Excellence: refers to meeting quality requirements
ate all stages of a process, turning a product or
service free from defects;
● Mediation: it is the source for decision making since
it is necessary to measure actions and results to
find opportunities for improvement;
● Responsibility: the need for everyone involved in the
institution to understand their responsibility for the
functioning of the process.
On the other hand, some difficulties may arise
in this attempt to get closer to the characteristics of
TQM, requiring strong attention from the manager on the
following points: passivity of management, change of
objectives, search for immediate results, changes in
administration, among others.
a) NBR ISO 15419 AND ISO 21001
The ISO 9001 Standard contains the
requirements for an organization to have its QMS
certified. The scope and generality of this standard do
not take into account particular and peculiar aspects of
the different types of organizations and, therefore, the
terminologies are generic
Thus, one of the prime difficulties in applying
the ISO 9001 standard in the educational area was
terminology. Hence the decision to develop a document
that would offer the guidelines and enable
establishments to improve management, and
consequently, education.
From this, the ABNT (Brazilian Association of
Technical Standards) standard NBR ISO 15419 came to
be, which aims to facilitate the comprehension and
interpretation of the requirements of ISO 9001 under the
understanding of the organizations involved as an
educational sector, using the specific terminologies of
this sector.
However, in May 2018, ISO 21001:2018 was
launched, which was the first edition of the international
standard for management systems for educational
organizations (EOMS). The Portuguese version of the
norm was due to be launched in 2019. The main goal of
this standard is to be a management tool, prevalent to
educational organizations, to respond to the
expectations of interested parties. All requirements of
ISO 21001:2018 are generic and any educational
organization can apply it.
While educational organizations and students
are the main stakeholders and beneficiaries of this
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Santos & Melo (2017) define that FMEA is a
valuable team activity that can help in the creation or
restructuring of a quality assurance program with to
improve safety, quality, and efficiency.
FMEA is a tool widely used to obtain good
results both in the product and in the process. For
Rabelo, Silva & Peres (2014), the FMEA methodology is
put in place to define and prioritize the corrective
methods in a project, thus becoming aware of the
critical, significant characteristics and, finally, developing
a checklist of prevention for failures. According to Kibria,
Kabir &Boby (2014), the successful activities by FMEA
facilitate the identification of failure mode according to
experiences, reducing cost and development time.
According to Ford et al. (2014), despite being
valuable, the FMEA also has some crucial limitations
that must be appreciated, one of which is the inability to
identify all possible failure modes. Therefore, it is
possible to see FMEA as complementary to other
improvement methods and tools.
This tool takes into account the use of import
elements: type of potential failure, the effect of possible
fail, cause of the failure, current controls, indexes,
recommended actions, implemented measures,
preventive actions, containment actions, etc.
Santos & Melo (2019) point out that the faults
considered most critical will be the first in the ranking,
thus being a priority for the application of improvements.
The determination of the risk priority index (Risk Priority
Number – RPN) is performed based on the product
between three indices defined by Liao & Ho (2011):
● Severity (S): indicates the degree of impact caused
by the failure of an individual component or
procedure;
● Occurrence (O): indicates the degree of the
frequency with which a defeat can occur;
● Detection (D): indicates the degree of impact
caused by the fail that cannot be detected.
In this specific work, where the process of
implementing a QMS in an institution of the public

Multicriteria Decision Methods

The purchase of consumer goods, personal
items, household appliances, and even the choice of an
educational institution are problems faced daily by
people. The solution to many of these types of
difficulties is, in most cases, based on a single decision
parameter, cost. Nevertheless, not all decisions are
summarized just in this, which leads the decision-maker
to seek the best decision support methods that satisfy
his application needs.
The first methods of decision support started to
emerge, in estimation, around the 70s, which for Olson
(2001) the development of comparative research about
the methodology of support for the multicriteria decision,
has been showing that there is not one that stands out
from the other, involving the entire context of the
decision. Thus, it is up to the decision-maker to use the
best method for that specific situation.
For Cavalcanti & Almeida (2005), we can see
multicriteria decision support as a set of methods that
lend themselves to clarify a problem, in which multiple
criteria evaluates the alternatives, which are normally
conflicting.
Gomes Júnior et al. (2011) put out that the main
factors analyzed in choosing a multicriteria decision
support method are analysis of the context, actors, and
preference structure associated with the problem.
a) PROMETHEE II
The family of PROMETHEE methods aims to
build a relationship of Outranking; this family adds
information between the alternatives and the criteria and
uses this relationship to support the decision. In
PROMETHEE, the decision maker's preference in favor
of one option over another option b increases with a
bigger difference [fj (a) - fj (b)] between the performance
of the choices for each criterion j and fj (a) and fj (b),
respectively, are the values of the performance of the
options a and b in criterion j.
Brans and Vincke (1985) presented six different
ways to determine such a preference, which have values
between 0 and 1 from the definition of the general
functions, or preferably. Type I – Usual Criterion, Type IIU-Shape Criterion, Type III- U-shape Criterion, Type IV–
Level Criterion, Type V– Linear Criterion, and Type VI –
© 2020 Global Journals
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FMEA in the Context of Quality
Management

IV.

Year

III.

education system was analyzed, the process FMEA was
used, which after collecting the main flaws/difficulties
found in the literature and through a semi-structured
interview with the institution’s manager, it analyses their
criticality about the process of implementing a QMS
based on ISO 21001:2018 standard.
Due to the complexity of the QMS
implementation process, the study of the main failure
modes requires a multicriteria analysis, since it is difficult
to make a decision based only on one criterion and, in
most cases, these criteria are in conflict with each other.
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document, all other stakeholders will also gain from
standardized management systems in educational
organizations.
Among the potential benefits that an
organization can obtain with the implementation of an
EOMS, we can mention, according to Nogueira (2018):
better alignment of objectives and activities with police,
greater social responsibility, more personalized learning
and effective response to all students, consistent
processes and assessment tools to demonstrate and
increase effectiveness and efficiency, greater
organization credibility, culture for organizational
improvement, etc.
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2020

Gaussian Criterion are the classifications of these
functions.
The PROMETHEE II, the focus of the work, took
the non-compensatory hypothesis, which tends to favor
more balanced alternatives (alternatives that have
reasonably good ratings in all criteria) and provides a
cardinal score for each proxy that is possible to use to
develop a pre - complete order.
This method ranks the alternatives, establishing
an order of Ф(a) = Ф+(a) – Ф-(a) (liquid flow); establishes
a complete pre-order among the alternatives. (BRANS &
VINCKE, 1985; BRANS & MARESCHAL, 1992; TALEB &
MARESCHAL ,1995):
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V.

Proposal and Application of the
Model

The proposed model aims to integrate FMEA
and PROMETHEE II, wanting to order the difficulties
(from the most critical to the least critical) encountered
in the process of implementing and maintaining a QMS,
based on ISO 21001:2008, in an institution of the public
comprehensive education network in the city of
Bezerros, in the rough Pernambuco state.
For the construction of the model, it was
necessary to identify the alternatives and the criteria that
will go under evaluation, as well as their particularities, to
then be applied with the aid of the Visual PROMETHEE
software, and thus, obtain what is expected of it more
effectively.

the areas of Administration and Maintenance and
Computer Support.
The installed capacity of the school follows the
standard of state technical schools in the state of
Pernambuco, Brazil, and has twelve classrooms, six
laboratories, two specific laboratories, for craft courses,
an auditorium, a library, a multisport court (covered and
with a changing room), a coffee shop, canteen, and a
living area.
The school is not certified by ISO 21001:2018,
but it is concerned with developing its activities with a
focus on quality so that it can effectively serve interested
parties. The manager has excellence as a priority and
works with the expectation of making the school
recognized by society as a reference for professional
education.
b) Alternatives
Some results, gathered from the literature, were
presented to the decision-maker regarding the biggest
obstacles in the process of implementing and
maintaining a QMS in organizations as a whole. Also,
the authors conducted a semi-structured interview with
the institution’s manager, who addressed the five
fundamental points that must be considered in
education in the search for total quality, in addition to
taking into account elements such as infrastructure,
information exchange process, the role of the state,
involvement of families, etc. From this, it was possible to
identify new failure modes for the multicriteria analysis.
At the end of this stage, the authors raised the
eleven main difficulties that the manager has
encountered, as shown in Table 1.

a) Description of the Education Institution of the Case
to be Applied
The studied school has been operating since
2012. High school has integrated technical courses in
Table 1: Model alternatives
Label

Alternatives

A1

State bureaucratic requirements

A2

Lack of resources

A3

Failure to communicate with teachers

A4

Staff demotivation

A5

Change in school culture

A6

No internship requirement for technical courses offered by
the school

A7

Low family participation in monitoring children at school

A8
A9
A10

Insufficient full-time staff
Lack of a team of psychology professionals
Resistance by the outsourced team of general services
Not knowing the demands of students regarding the
technical courses offered by the school

A11

Source
Educational Institution Manager and
MokhtarSanyet al. (2013)
Biasini (2012); Tanabe & Souza (2006);
Educational Institution Manager and Beer
(2003) and Klein &Sorra (1996)
Biasini (2012); Tanabe &Souza (2006); Beer
(2003); Taylor & Wright (2003); Klein
&Sorra (1996)
McLean & Antony (2014); Beer (2003);
Klein &Sorra (1996); Biasini (2012); Tanabe
& Souza (2006); Fleury(1993).

Educational Institution Manager, Taylor &
Wright (2003)andMokhtarSanyet al. (2013)

Source: The authors (2020)
© 2020 Global Journals
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The occurrence of failure mode (O);
Possibility of the failure not being detected (D);
The severity of disaster (S);
Table 2: Details of the criteria
Criteria
Occurrence
Detection
Severity
Difficulty
Time

Objective
Maximizing
Maximizing
Maximizing
Maximizing
Maximizing

Weight
0,2
0,1
0,3
0,2
0,2

5
Preference Function
Usual
Usual
Usual
Usual
Usual
Source: The authors (2020)

The evaluation of the weights attributed by the
decision-maker occurred in a direct (interactive) way.
The authors based the objective chosen for each
criterion on the Likert scale used to assist in the
identification of its criticality regarding the alternatives
(Tables 3, 4, 5, and 6). To find the most critical flaws, the
authors established to maximize the resolution time in
months. For the criteria of occurrence, detection,

2020

Difficulty in resolving failure mode (DIF);
The time required for the failure mode to be
“eliminated” (T).
Given the chosen criteria, it is indispensable to
clarify that the first three (occurrence, detection, and
severity) refer to the traditional FMEA and that the
choice for the last two (difficulty and time) was so that
there would be a substantial contribution to the analysis,
further refining the assessment made through the FMEA
and making the study more robust and refined.
For each of these criteria, the objective
(minimizing and maximizing), weight (importance), and
the preference function were established by the
decision-maker, as shown in Table 2.

Year

•
•
•

•
•

difficulty, and severity, the objective chosen was also the
maximize, as the values of the nominal scales of the
software are different comparing to those of the model
(Table 3, 4, 5 and 6), in which very bad =1 and very
good=5. Then, as you maximize the best outcome from
the software, you also maximize the most critical result
from the model.

Table 3: Scales used to determine the occurrence of failures
Unlikely
Too Small

Occurrence
It rarely occurs in the process
Failure occur, but not too often

Likert Scale
1
2

Moderate

Sometimes the cause of failure during the process occurs

3

High

Failure occurs quite frequently during the process

4

Alarming

It occurs routinely during the process

5
Source: Santos & Melo (2019)

Table 4: Scale used to determine failure detection
Detection

Likert Scale

High

The failure is immediately identified in the process as a decisive factor
for the good functioning of the QMS

1

Moderate

The failure is easily identified in the QMS implementation process

2

Small

The failure is commonly found, but not in most areas

3

Too Small

The failure is is only visible in some areas

4

Unlikely

The presence of a failure is in the QMS implementation process is rarely
noticed.

5

Source: Santos & Melo (2019)
© 2020 Global Journals
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c) Criteria
According to Roy (1996), we can understand a
criterion as being a tool that allows the comparison
between alternatives according to the point of view or
from the perspective of significance.
Given that there are many sceneries that may
require different levels of importance, the decision
model must consider the subjectivity of the decisionmaker for decision making. This approach is not
common to traditional FMEA.
So, through the semi-structured interview, the
decision-maker understood the definition of the criteria
and considered the following criteria for this model:

Quality Management System in Educational Institutions: Integration of FMEA and PROMETHEE II

Table 5: Scales used to determine the severity of failures
Likert Scale

Year

2020

Severity
Just Noticeable

The failure is not important, becoming irrelevant to the QMS implementation
process

1

Little Importance

The failure exists, but it does not hinder the the operation of the QMS
implementation process

2

Moderate

The failure exists and even though it is not so alarming, it contributes
together with other flaws so that at least 50% of the functioning of the QMS
implementation process is compromised

3

Serious

The failure exists and is already seen as an alarming factor that contributes
together with other flaws, so that at least 80% of the functioning of the QMS
implementation process is compromised

4

Very Serious

The failure exists and prevents the QMS implementation process from
working

5

Source: Santos & Melo (2019)
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Table 6: Scales used to determine the difficulty in solving failure modes
Difficulty
Too Small
Small
Moderate
High
Very High

Likert Scale
1
2
3
4
5
Source: Theauthors (2020)

The time necessary criterion for the failure mode
to be “eliminated” was the only one not to use a fivepoint Likert scale since it was attributed to it the
expected number of months that each alternative would
take to be solved.
d) Application of the Model on Visual Promethee
The authors used Visual PROMETHEE software.
To apply the model to the software, the traditional FMEA
table (considering the criteria chosen for the model) was
elaborated together with the decision-maker through an

interactive process, to collect information about the
controls that the institution has currently to detect and
prevent failure modes. Also, there was the discussion
about possible preventive actions to solve these failures.
Then, the manager assigned the score for each
alternative based on the scales established for each
criterion and settled the number of months that would
be needed to solve the potential failure modes for the
time criterion. Tables 7, 8, and 9 present the result of the
FMEA application.

Table 7: Application of FMEA part 1

Source: The authors (2020)

© 2020 Global Journals
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Table 8: Application of FMEA part 2

Source: The authors (2020)

Table 9: Application of FMEA part 3

Source: The authors (2020)

From this assessment, the Visual PROMETHEE
software used pertinent information from the FMEA
(Tables 7, 8, and 9) and Table 2. Following the
procedures of the PROMETHEE II method, the table 10

presents positive, negative, and net flows. And, from
that, the general ranking was obtained. Table 10 shows
these results.

Table 10: Ranking of the alternatives and the PROMETHEE II flows
RANKING
1
2
3
4
5
6
7
8
9
10
11

ALTERNATIVE
A9
A2
A1
A10
A6
A7
A5
A8
A11
A3
A4

Ф
0,6900
0,3100
0,2700
0,2100
0,0900
0,0300
-0,1800
-0,1900
-0,2500
-0,4800
-0,5000

Ф+
0,7400
0,5400
0,5100
0,5000
0,3700
0,3900
0,2200
0,2700
0,2100
0,1200
0,1200

Ф0,0500
0,2300
0,2400
0,2900
0,2800
0,3600
0,4000
0,4600
0,4600
0,6000
0,6200

Source: The authors (2020)
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In addition to the result shown in Table 10, the graphical form is helpful to visualize the behavior of each
alternative, as shown in Figure 1.
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Source: The authors (2020)

Figure 1: Behavior of each alternative
The upper part of the figure is a bar graph
showing the complete ranking of PROMETHEE II,
expressed as a net flow. The lower part, which is also a
bar graph, shows the weights of the criteria.
That done, the authors purpose an analysis of
scenarios to understand the behavior of the model when

attributing other weights to the criteria. In setting 1, the
decision-maker is unable to express his preferences.
Scene 2 is a variation of the distinct two contexts. Tables
11 and 12 show the characteristics of the situations and
the comparison of the rankings obtained through them,
respectively.

Table 11: Evaluated scenarios
Criteria Weights

Scenarios

O

D

S

DIF

T

Real Scenario

0,2

0,1

0,3

0,2

0,2

Scenario 1

0,2

0,2

0,2

0,2

0,2

Scenario 2

0,15

0,15

0,4

0,1

0,2

Source: The authors (2020)

Table 12: Comparison of scenario results
Ranking

Real Scenario

Scenario 1

Scenario 2

1

A9
A2
A1
A10
A6
A7
A5
A8
A11
A3
A4

A9

A9

A6
A1
A2
A10
A7
A5
A11
A8
A3
A4

A2
A1
A10
A7
A6
A8
A11
A5
A4
A3

2
3
4
5
6
7
8
9
10
11

Source: The authors (2020)

© 2020 Global Journals

Quality Management System in Educational Institutions: Integration of FMEA and PROMETHEE II

The model consisted of performing the
integration between the FMEA of the process and the
PROMETHEE II method. For this, there was the adoption
of two new criteria in addition to those addressed in the
calculation of the RPN: Difficulty in resolving the failure
mode and Time required for the failure mode to be
“eliminated.” This inclusion served to refine the model,
further optimizing the results.
The application of the model made it possible to
identify the failure modes considered most critical in the
implementation and maintenance stages of the school’s
QMS. As a result of the real scenario, the alternative that
ranked first in the ranking was A9, followed by A2 and
A1, consequently.
The A9 alternative obtained a much higher net
flow compared to the others, which deserves to highlight
the importance of developing actions that can solve it
since the lack of a team of psychology professionals
directly affects the performance of students and
collaborators. Therefore, the presence of this type of
professional would significantly assist in carrying out a
making better use of the school’s activities.
In general, alternatives A2 and A1 do not
depend directly on the school to be solved, occupying
the first positions in the ranking. As much as there is an
interest in solving them, the lack of resources and state
requirements demand external and sometimes complex
actions, which leaves the school in a delicate situation,
needing to develop internal mechanisms to solve it or it
minimizes the impacts of these failure modes.
On the other hand, the alternatives A3 and A4
occupied the last positions of the ranking, which does
not make them less significant, but at the beginning,
they are not a priority. As much as they deal with the
failure to communicate with teachers and demotivate
staff, these obstacles happen in some specific and
isolated cases since, in most cases, the school strives
for adequate communication and motivation of
employees.
The work brought an innovative feature since
the type of approach taken in is uncommon in the
literature. Through it, public and private institutions can
rely on developing their models, with the necessary
modifications.
Wherefore, the studied school can develop
action plans aimed at alternatives that hinder the
process of implementing and maintaining the QMS and,
with that, be certified by ISO 21001. Through this, its
results will be even more considerable, and the school
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