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Abstract: Contemporary education in higher education institutions has a goal to provide necessary
competences determined by legislative demands, science trends and job market needs to graduated
students intending to strengthen their employability. The main idea of this research is to assess
the level of students’ competences for lifelong learning (LLL). Since it is a very complex task, it
is characterized by a lack of information and the vagueness of the inherently subjective nature of
human thinking. The uncertain values of the assessed level of students’ competences for LLL are
represented by linguistic expressions which are modeled by the interval type 2 trapezoidal fuzzy
numbers. Ranking of the level of students’ competences for LLL is stated as a fuzzy multi-criteria
optimization task. The aggregation of students’ opinions into unique marks is given by using the
proposed fuzzy Delphi technique. The rank of students’ competences for LLL is given by using the
proposed fuzzy Simple Additive Weighting (FSAW). The order of measures that should be delivered
to improve students’ competences is based on the obtained rank. The model is tested and discussed
on the real data collected from a significant sample of the students with a proposal of future directions
of the research.

Keywords: competences management; lifelong learning; employability of future engineers; fuzzy
Delphi; fuzzy SAW

1. Introduction

In industry, almost all companies are struggling to document, maintain and further
develop the relevant knowledge and the resulting competencies in the long term. It is sug-
gested that the competencies cannot be taught but can only be built up in a self-organized
way while mastering real challenges. Knowledge in the narrower sense does not require
competencies. At the same time, the global market significantly impacts the development
and enhancement of current study programs all over the world. The global change and
unpredicted events might speed up the need for change and improvement of education [1].
To enhance students’ achievement, teachers could improve their communication skills and
knowledge transfer [2]. At the same time, there is a recognized need for the improvement
of formal education and lifelong learning programs [3]. The motivation for this research
comes from the fact that ongoing courses at the level of study programs should be im-
proved so they could address emerging employers’ needs and enable sustainable education.
Continuous improvement is well established in business organizations since they need
to monitor market needs and changes. Simultaneously, the courses’ enhancement should
be very actively practiced at universities since they provide new staff, knowledge, and
technology transfer for business companies. If this approach is well designed and practiced,
it should enable cultural change [4], improvement, and long-term sustainability [5].

Amongst all challenges in higher education, analysis of students’ competences seems
to be a very important issue at many universities. The scientific goal of our research is
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to propose a new methodology for assessing and ranking the competences in uncertain
environments. The existence of uncertainties is related to competencies since those cannot
be taught, they can be built up while mastering real challenges. The utilitarian goal of this
research is to determine the lowest-ranked competences of students for lifelong learning
(LLL) in compliance with the European reference framework so the weakest competences
could be enhanced. It can be assumed that the first step of competences enhancement
starts with its assessment [6]. Formally, the enhancement should be induced through the
change of the course curricula, so teachers could transfer appropriate knowledge which
should result in competence enhancement. In the scope of the proposed methodology,
the first activity of the quality improvement related to any variable is measurement or
assessment [7]. This activity may be conducted by using crisp values wherever is suitable.
In a variety of cases, it cannot be applied since some variables, such as the performances of
an education system are not easy to quantify. In compliance with this, different approaches
have emerged. Vague values can be well represented by natural language words [8] that
represent a linguistic variable. The development of some areas of mathematics, such as
the theory of fuzzy sets [9,10], have allowed the linguistic variables to be quantitatively
represented in a sufficiently good manner. The concept of type 2 fuzzy sets (T2FSs) was
introduced by [8]. Operations associated with T2FSs are very complex [11] and they require
enormous computational effort so that there are not many practical applications in modeling
linguistic variables. The computational effort with interval type 2 fuzzy numbers (IT2FNs)
is reduced and their use is increased to solve different decision-making problems [12]. In
recent years, some scholars have suggested using IT2FNs for modeling uncertainties [13,14],
so the interval type 2 trapezoidal fuzzy numbers (IT2TrFNs) are chosen to be adequate for
the proposed research.

The methodology for the course improvement is recognized at the level of the Ministry
of Education, Science, and Technological Development in Serbia but there is no explicit
procedure or guideline on how to execute it. So, the research problem is to define the part
of this complex procedure related to the identification of the lowest-ranked competences so
they could be enhanced through university courses improvement and learning outcomes.
The European reference framework indicates the relationship between competences and
learning outcomes. The proposed methodology is tested at the engineering bachelor-level
study program at the University of Kragujevac.

In the scope of the proposed research, there are several assumptions. The ranking
of students’ competences for LLL can be adequately stated as a fuzzy multi-criteria op-
timization task. Students express their assessment of competences for LLL while using
predefined linguistic expressions more smoothly compared to the employment of precise
numbers. By combining the fuzzy Delphi technique and Fuzzy Simple Additive Weighting
(FSAW), the rank of students’ competences for LLL can be given exactly. Both techniques
are analyzed in the following section.

The paper is organized in the following manner. Section 2 presents a literature review.
The proposed methodology is presented in Section 3. In Section 4, the proposed model is
illustrated with real-life data. Conclusions are presented in Section 5.

2. Literature Review

In compliance with the Recommendation of the European Parliament and the Council
on key competences for lifelong learning, “the key competences are those which all indi-
viduals need for personal fulfillment and development, active citizenship, social inclusion,
and employment” [15].

It is worth mentioning that there are different methodologies to rank the knowledge
and competences of students while they perform the assessment [16]. While designing the
knowledge and competence assessment, different approaches, such as concept map and
game theory could be employed [17]. In the scope of our research, assessing the values of
students’ competences for LLL is stated as a fuzzy group decision-making problem that
follows research trends in other areas [18].
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As the proposed method consists of fuzzy Delphi and FSAW, the named techniques
should be explained in more detail. The Delphi method could be classified as a method of
forecasting development based on the opinions of experts in a particular field [19], so it is
adjustable to a variety of domains. Simple Additive Weighting (SAW) is a very commonly
used technique embracing a weighted summation. The idea is to conduct a weighted
summation of rating the performance of each considered feasible alternative [20]. The
highest score indicates the best alternative. The existing literature suggests that conven-
tional methods could be extended with an application of fuzzy sets theory. The rest of the
explanation presents a relevant literature review which is arranged in two parts: (i) fuzzy
Delphi technique and (ii) FSAW.

2.1. The Fuzzy Delphi Technique

Research manuscripts reporting large datasets that are deposited in a publicly available
database should specify where the data have been deposited and provide the relevant
accession numbers. If the accession numbers have not yet been obtained at the time of
submission, please state that they will be provided during review. They must be provided
prior to publication.

Aggregation of individual opinions into unique assessment may be delivered through
the application by using the most popular qualitative techniques [21]. Delphi technique
aims to provide the forecast through achieving a group consensus by a group of qualified
experts [22]. This method is based on the following assumptions: (i) experts who participate
in the assessment of competence values do not meet through the process of assessment,
(ii) they deliver their assessment in soft copy to reduce the time needed for data collection,
(iii) the assessment of the competence values is delivered through the several rounds so
the responses are collected, and analytical results are given back to experts to start the
next round. When the consensus is achieved, based on the average of the final round, the
competences are screened [23].

Some scholars suggest the extension of the Delphi technique with: (i) type-1 fuzzy
sets [24–27], and (ii) type 2 fuzzy numbers [28]. Aggregation of experts’ opinions may be
delivered by applying the fuzzy averaging operator [27], the proposed model [24,25], and
the fuzzy geometric operator [28]. Some scholars assume that the application of fuzzy
geometric operator [29] provides a good base for the preservation of positive features of
fuzzy numbers so it is used in this research.

Aggregated opinion in each round is transformed into the representative scalar by
using: (i) moment of area [30], and (ii) the proposed procedure [25]. If the scalar value is
greater than or equal to the threshold, many scholars suggest that the consensus has been
reached [25,30]. In our research, the calculation of the distance between each opinion of the
decision-maker and aggregated value of an opinion is performed by applying Euclidean
distance [27]. It may be considered that the consensus is reached if the value of the distance
is acceptable. It may be considered that if the value of the distance is less than 0.2 [27],
the consensus is reached [31]. The determination of reaching consensus in each round can
be solved by employing the technique of analysis of variance, as a parametric statistical
test [28].

In practice, it is assumed that the final solution is obtained in the second round, as in
this research.

2.2. Fuzzy Simple Additive Weighting (FSAW)

The ranking problems in different research areas may be successfully addressed by
the deployment of SAW [32–34]. It is worth mentioning that criteria used for alternatives’
assessment can be either cost or benefit nature, so their desired values are supposed to
be lowest or highest in treated problems. The fundamental difference between these two
criteria is suggested by [35]. Therefore, it is necessary to construct a normalized decision
matrix so the values of the criteria could be comparable. In conventional SAW, weighted
normalized aggregated value is calculated as the sum of weighted normalized criteria
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values [36]. The rank of alternatives is based on the previously determined values. At the
first place, and the last place, the alternative with the adjoined highest, and the lowest,
weighted normalized aggregated value, respectively.

It may be considered that the literature covers a variety of papers containing the
extension with fuzzy sets theory. The relevant papers are analyzed in Table 1.

Table 1. FSAW extension analysis.

The Author
The Criteria The Type of Uncer-

tainty/Granularity/Domain
Normalization Defuzzification/Rank The Domain of the Application

Sagar et al., (2013) [37] TFNs/7/(0–1) - Defuzzification procedure
[10]/comparison crisp values

The selection of maintenance
strategy of material
handling equipment

Wang, (2015) [32] TFNs/5/(0–1) - Defuzzification procedure
[38]/comparison crisp values The selection of location

Roszkowska & Kacprzak, (2016) [39] TFNs/6/(1–6) Linear normalization
procedure [40] Defuzzification procedure [39] Illustrative examples

Muslihudin et al., (2018) [35] TFNs/5/(0–1) Normalization
procedure [36] -/comparison crisp values Rural Road Development

Komatina et al., (2021) [28] IT2TFNs/7/(1–9) - Defuzzification procedure
[41]/comparison crisp values Enhancement workplace safety

The proposed model IT2TrFNs/5/(1–9) -
Comparison of type 2 fuzzy

numbers method
[24]/comparison crisp values

Ranking of students’
competences for lifelong learning

Analysis of the papers in Table 1 indicates papers where the SAW method is extended
with triangular fuzzy numbers (TFNs) and IT2FNs. [28] suggest integration of SAW and
IT2TFNs, but as it assumed in practice, IT2TrFNs embrace uncertainty more comprehen-
sively, so those are applied in our research. The granularity and application domains
are different since they are dependent on the size and type of the problem as well as the
decision-makers.

It is interesting to denote that a certain number of the authors [32,35,37] do not
apply normalization procedures as is suggested by the conventional SAW. This represents
the significant difference between the conventional SAW and the proposed SAW that is
extended with IT2TrFNs (IT2FSAW). Some authors [32,35,37] defined the domain of the
fuzzy numbers on the interval [0–1] so it might be assumed that the normalization is
not necessary to be delivered. The domains of the fuzzy numbers can be defined on the
scale of measures (1–6) as presented in previously executed research [39]. By analogy to
conventional SAW, [39] have applied a linear normalization procedure [40]. Our research
supports the application of IT2TFNs on the common measurement scale as in previously
delivered research [28]. These crisp values stand for the representative scalars of the
fuzzy numbers.

In our research, the elements of the fuzzy decision matrix present assessed values
of students’ competences for LLL. These values are given by the decision-makers, in this
case, students, and they are modeled by IT2TrFNs. Aggregating their assessments into
a unique assessment of the level of their competences for LLL is based on the proposed
Delphi technique extended with IT2TrFNs (IT2FDelphi). It is worth mentioning that the
Delphi technique itself may be considered as a valuable tool in the field of education
management [42]. As decision-makers (DMs), in this case, students, have equal importance
amongst each other, the total weighted values of each student’s competence for LLL are
calculated by using a fuzzy geometric mean. The rank of students’ competences for LLL is
given by applying the method for comparison two IT2TrFNs [24].

3. Methodology

This section is supplied with the proposed methodology embracing the IT2FDelphi
and IT2FSAW (Figure 1). The rank of competence is given by using the method for
comparison of type 2 fuzzy numbers [24].
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Figure 1. The proposed methodology.

The proposed methodology is supposed to be applied every school year at the begin-
ning and the end of the course delivery so teachers could make statistical analyses and
monitor the trend of the assessed competences over years. Based on the obtained rank, the
suitable measures for the improvement of the level of students’ competences for LLL may
be defined. Also, it is essential to provide feedback to the students so they could actively
work on the competence’s improvement.

3.1. Defining the Finite Set of the Competences for LLL

The students’ competences for LLL are defined according to the European refer-
ence framework.

The number of competences according to which the level of students’ competences for
LLL is assessed is marked as k = {1, . . . , k, . . . , K}.

In this research, the level of students’ competences for LLL is presented through eight
competences that are defined by A European Reference Framework Key Competences for
Lifelong Learning. The denoted competences are:

(k = 1) Communication in the mother tongue (the ability to express and interpretation
of thoughts, concepts, emotions, and facts in written and/or narrative form encompassing
different circumstances), (k = 2) Communication in a foreign language, (k = 3) Mathemati-
cal literacy and basic competencies in science and technology, (k = 4) Digital competences,
(k = 5) Learn how to learn, (k = 6) Interpersonal, social and civic competences, (k = 7)
Taking initiative and entrepreneurship (this competence implies ability and readiness to
accept others, i.e., create their innovations), (k = 8) Cultural awareness and expression.
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3.2. Defining the Finite Set of the Decision-Makers

All students participating in the research are first-year students, so it is worth men-
tioning that the proposed model is tested on the Engineering Management study program
at the University of Kragujevac. They can be formally represented by a set of indexes
i = {1, . . . , i, . . . , I}, where I is the total number of students in the treated sample. Index of
the student is denoted as i = 1 . . . , I.

3.3. The Selection of the Appropriate Linguistic Expressions for the Competence Description

In the literature, there are no rules or recommendations on how to determine the
granulation of fuzzy numbers that describe uncertainty. Many authors use three [14],
five [43], or seven [44] linguistic expressions to describe different types of uncertainties. It
can be said that determining the number of linguistic variables depends on the size of the
problem and the planner (perhaps called managers) of the experiment.

In this research, five linguistic variables are defined and modeled by IT2TrFNs,

˜̃Qj =
((

aU
1j, aU

2j, aU
3j, aU

4j; µ
(

aU
2j

)
, µ
(

aU
3j

))
,
(

aL
1j, aL

2j, aL
3j, aL

4j; µ
(

aL
2j

)
, µ
(

aL
3j

)))
(1)

where:

aU
1j and aL

1j represent the lowest upper and lower value in the domain,

aU
2j, aU

3j and aL
2j, aL

3j represent the modal upper and modal lower value in the domain,

aU
4j and aL

4j represent the highest upper and lower value in the domain,

µ
(

aU
2j

)
, µ
(

aU
3j

)
represent the upper membership function,

µ
(

aL
2j

)
, µ
(

aL
3j

)
represent the lower membership function,

and presented in follows:

very low competence (Q1)-((1, 1, 2, 3.5; 1, 1), (1, 1, 2, 3; 0.75, 0.75))
low competence (Q2)-((1, 2.5, 3.5, 5; 1, 1), (1.5, 2.5, 3.5, 4.5; 0.75, 0.75))
medium competence (Q3)-((3, 4.5, 5.5, 7; 1, 1), (3.5, 4.5, 5.5, 6.5; 0.75, 0.75))
high competence (Q4)-((5, 6.5, 7.5, 9; 1, 1), (5.5, 6.5, 7.5, 8.5; 0.75, 0.75))
very high competence (Q5)-((6.5, 8, 9, 9; 1, 1), (7, 8, 9, 9; 0.75, 0.75))

The domain values of these IT2TrFNs can be defined at different intervals. There are
no specific guidelines on how to define the measurement scales. Value 1, i.e., the value
of 5, denotes that the level of competences for LLL of the student i, i = 1, . . . , I under
competence k, k = 1, . . . , K is almost negligible, or very high, respectively.

3.4. The Proposed Algorithm Combining the Fuzzy Delphi Technique and FSAW

The problem of assessing the values of students’ competences for LLL as well as
determining the priority of competences is considered with a goal of continuous curriculum
improvement [45]. Determining the priority of the level of students’ competences for
LLL is based on IT2FSAW. The value of competences by respecting the total number of
respondents (in our case students) is calculated by applying IT2FDelphi (Step 2 to Step 6 of
the proposed algorithm).

The proposed algorithm can be realized in the following steps.
Step 1. During the first round, the fuzzy rating of the students’ competence i, i = 1, . . . , I

under competence k, k = 1, . . . , K at considered period,
˜̃
ϑI

k is given.
Step 2. Here, the aggregated value of all students’ assessment under competence

k, k = 1, . . . , K,
˜̃
ϑI

k is obtained by using the fuzzy averaging operator, so that:
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˜̃
ϑI

k = I

√
∏

i=1,...,I

˜̃Vki =


(

I

√
∏

i=1...,I
aU

1i , I

√
∏

i=1...,I
aU

2i , I

√
∏

i=1...,I
aU

3i , I

√
∏

i=1...,I
aU

4i ; 1, 1

)
,((

I

√
∏

i=1...,I
aL

1i, I

√
∏

i=1...,I
aL

2i, I

√
∏

i=1...,I
aL

3i, I

√
∏

i=1...,I
aL

4i; 0.75, 0.75

))
 (2)

Step 3. Determine the Euclidean distance between
˜̃
ϑI

k and ˜̃Qj [46] which is denoted as
dkj, k = 1, . . . , I; j = 1, . . . , 5 :

dkj =

√
1
8
·
[
∑4

m=1

(
aU

mk − aU
mj

)2
+ ∑4

m=1

(
aL

mk − aL
mj

)2
]

(3)

Step 4. Let us determine the value of distance d∗k :

d∗k = min
j=1,...,5

dkj (4)

Step 5. It may be assumed that the aggregated value of competence k, k = 1, . . . , K in
the first round is denoted by the linguistic expression which can be associated with the
lowest distance value d∗k . This information is sent to each student in the research.

Step 6. In the second round, students are delivering the assessment of the level of their
competences for LLL for each competence k, k = 1, . . . , K with respect to d∗k , k = 1, . . . , K.

Let their assessment be denoted as ˜̃ϑI I
k , i = 1, . . . , I.

Step 7. The aggregation of students’ assessment in the second round is performed by
the fuzzy geometric operator (see Step 2). The aggregated value of the level of students’

competences for LLL k, k = 1, . . . , K is denoted as ˜̃ϑI I
k = ˜̃ϑk.

Step 8. The rank of competence for LLL is given by using the method for comparison
of IT2TrFNs [24] which is based on the procedure developed by [47].

Step 9. According to the obtained results, management measures could be defined that
lead to an increase in student competence.

After applying the proposed algorithm, there should be a review of the measures for
effectiveness. All assessments are supposed to be delivered at the beginning and the end of
each school year, as it is mentioned before.

4. The Case Study

The strengthening of the students’ competences for LLL is supposed to be achieved
through mastering teaching materials and exercises. The main idea is to assess analyzed
competencies so the lowest in the rank could be enhanced.

The research was conducted on a homogeneous sample of 94 students of the first year
who have a formal secondary vocational education. The input data is obtained during
the period of classes delivery at the Faculty of Engineering, University of Kragujevac.
The gender distribution of the students who participated in research is equal. Before
participating in the study, students were thoroughly informed about the scope of the study,
response options, and the method of providing answers. The students have received
an appropriate survey with explanations based on A European Reference Framework
Key Competences for Lifelong Learning. As the research was conducted during the
classes’ delivery, students were provided training on how to assess their competences.
The students have filled out the soft copy of the survey during one school class. Each
soft copy of the survey was submitted by using the Moodle portal at the University of
Kragujevac. It is worth mentioning that the sample of 94 students is representative of a
given academic community.
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Fuzzy rating of the level of students’ competences for LLL k, k = 1, . . . , K at the level
of each student I, i = 1 . . . , I is performed and presented in Appendix A (see Step 1).

Aggregation by using fuzzy geometric mean is illustrated by example (see Step 2):

˜̃
ϑI

6 =


(

94√1·313·549·6.531, 94√2.5·4.513·6.549·831,
94√3.5·5.513·7.549·931, 94√3.52·713·949·931

)
; min(1, 1)(

94√1.5·3.513·5.549·731, 94√2.5·3.513·6.549·831,
94√3.5·5.513·7.549·931, 94√3.52·6.513·8.549·931

)
; min(0.75, 0.75)

 (5)

And

˜̃
ϑI

6 = ((4.99, 6.55, 7.57, 8.65; 1, 1), (5.52, 6.55, 7.57, 8.65; 0.75, 0.75)) (6)

The aggregated value of the rest of students’ assessment is determined similarly.

The distance between
˜̃
ϑI

6 and pre-defined linguistic expressions ˜̃Qj is calculated by using
Euclidean distance (see Step 3). It is illustrated in the following example:

d61 =

√√√√1
8
·
[

(1− 4.99)2 + (1− 6.55)2 + (2− 7.57)2 + (3.5− 4.99)2 + (1− 8.65)2+

(1− 5.52)2 + (1− 6.55)2 + (2− 7.57)2 + (3− 8.29)2

]
= 5.226 (7)

Similarly, the distances
˜̃
ϑI

6 have been calculated by using other predefined linguistic
expressions. According to Step 4, the pre-defined linguistic expression, which describes the
aggregated value of the level of students’ competences for LLL in the most precise manner,
is determined.

The proposed procedure is illustrated at the example of students’ competence for LLL
(k = 6):

d∗6 = min
j=1,...,5

(5.226; 3.865; 2.011; 0.142; 1.281) = 0.142 (8)

Based on the obtained results, the students are supplied with information that the
aggregated level of their competence for LLL (k = 6) obtained in the first iteration might
be represented by linguistic expression high competence which is modeled by IT2TrFN,˜̃Q4. Also, while assessing this competence for LLL, it should be considered that its value
might be represented by linguistic expression very high competence which is modeled by

IT2TrFN, ˜̃Q5.
The information that is sent to all participating students (see Step 5) regarding the

aggregated values of their assessment in the first round is presented in Table 2:

Table 2. The information that is sent to all participating students.

Competences for LLL The Information Which Is Sent for Round 2 of the Fuzzy Delphi Technique

(k = 1 ) might be represented by the linguistic expression high competence ( ˜̃Q4) in the best manner

(k = 2 )
might be represented by the linguistic expression high competence ( ˜̃Q4) in the best manner, but the same

competence might be represented by the linguistic expression medium competence ( ˜̃Q3), also.

(k = 3 ); (k = 4 ); (k = 8 )
might be represented by the linguistic expression high competence ( ˜̃Q4) in the best manner, but the same

competence might be represented by the linguistic expression very high competence ( ˜̃Q5), also.

(k = 5 )
might be represented by the linguistic expression high competence ( ˜̃Q4) in the best manner, but the same

competence might be represented by the two linguistic expressions: very high competence ( ˜̃Q5) and medium

competence ( ˜̃Q3), also.

(k = 7 )
might be represented by the linguistic expression medium competence ( ˜̃Q3) in the best manner, but the same

competence might be represented by the linguistic expression high competence ( ˜̃Q4), also.
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The students’ assessments are obtained in the second round (see Step 6), also.
The aggregated fuzzy values of the level of students’ competences for LLL (see Step 7)

are presented in Table 3.

Table 3. The aggregated fuzzy values of the level of students’ competences for LLL.

˜̃ϑ1 = ((5.45, 6.96, 7.96, 9; 1, 1), (5.95, 6.96, 7.96, 8.66; 0.75, 0.75))˜̃ϑ2 = ((4.54, 6.07, 7.08, 8.51; 1, 1), (5.05, 6.07, 7.08, 8.03; 0.75, 0.75))˜̃ϑ3 = ((5.10, 6.22, 7.63, 8.86; 1, 1), (5.61, 6.67, 7.63, 8.45; 0.75, 0.75))˜̃ϑ4 = ((5.44, 6.96, 7.97, 8.88; 1, 1), (5.95, 6.96, 7.97, 8.59; 0.75, 0.75))˜̃ϑ5 = ((3.39, 4.23, 4.76, 5.75; 1, 1), (3.68, 4.23, 4.76, 5.22; 0.75, 0.75))˜̃ϑ6 = ((5.25, 6.76, 7.77, 8.90; 1, 1), (5.75, 6.76, 7.77, 8.53; 0.75, 0.75))˜̃ϑ7 = ((3.14, 4.77, 5.81, 7.43; 1, 1), (3.70, 4.77, 5.81, 6.83; 0.75, 0.75))˜̃ϑ8 = ((6.17, 7.68, 8.69, 8.93; 1, 1), (6.67, 7.68, 8.69, 8.85; 0.75, 0.75))

The calculation of the level of students competences’ rank for LLL is based on the

comparison of IT2TrFNs, ˜̃ϑk, k = 1, . . . , K (see Step 8).
The element values of the upper fuzzy preference matrix, PU and the lower fuzzy

preference matrix, PL are calculated according to Equation (2) which is illustrated by the
following example:

p
(

ϑ̃U
1 ≥ ϑ̃U

2

)
= max

1−max


max(4.54− 5.45, 0) + max(6.07− 6.96, 0) + max(7.08− 7.96, 0)+

max(8.51− 9, 0) + (8.51− 5.45) + max(1− 1, 0)

|4.54− 5.45|+ |6.07− 6.96|+ |7.08− 7.96|+ |8.51− 9|+
(8.51− 4.54) + (9− 5.45) + (1− 1)

, 0

, 0

 (9)

p
(

ϑ̃U
1 ≥ ϑ̃U

2

)
= max{1
−max

(
max(−0.91,0)+max(−0.89,0)+max(−0.88,0)+max(−0.49,0)+3.06+max(0,0)

0.91+0.89+0.88+0.49+3.97+3.55+0 , 0
)

, 0
} (10)

p
(

ϑ̃U
4 ≥ ϑ̃U

3

)
= max{1−max(0.286, 0), 0} (11)

p
(

ϑ̃U
4 ≥ ϑ̃U

3

)
= max{0.714, 0} (12)

p
(

ϑ̃U
4 ≥ ϑ̃U

3

)
= 0.714 (13)

So that:
p
(

ϑ̃U
2 ≥ ϑ̃U

1

)
= 1− 0.714 = 0.286 (14)

The upper fuzzy preference matrix, PU is:

PU =



0.5 0.714 0.597 0.518 0.983 0.563 0.123 0.343
0.286 0.5 0.350 0.293 0.916 0.323 0.783 0.195
0.403 0.650 0.5 0.415 0.960 0.458 0.846 0.275
0482 0.707 0.585 0.5 0.982 0.558 0.874 0.322
0017 0.084 0.040 0.018 0.5 0.030 0.079 1
0.437 0.677 0.542 0.442 0.970 0.5 0.859 0.297
0.877 0217 0.154 0.126 0.921 0.141 0.5 0.073
0.657 0.805 0.725 0.678 0 0.703 0.927 0.5


(15)
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The lower fuzzy preference matrix, PL is:

PL =



0.5 0.769 0.631 0513 1 0585 0.938 0.274
0.231 0.5 0.306 0.235 0.987 0.273 0.841 0.126
0.369 0.694 0.5 0377 1 0.441 0.907 0.207
0.487 0.765 0.623 0.5 1 0.576 0.938 0.265

0 0.013 0 0 0.5 1 0.193 1
0.415 0.727 0.559 0.424 0 0.5 0.921 0.231
0.062 0.159 0.093 0.062 0.807 0.079 0.5 0.010
0.726 0.874 0.793 0.735 0 0.769 0.990 0.5


(16)

Ranking value is illustrated on the example (k = 1):

Rank
(

ϑ̃U
1

)
=

1
8·(8− 1)

·{0.5 + 0.714 + 0.597 + 0.518 + 0.983 + 0.563 + 0.123 + 0.334 + 4− 1} = 0.131 (17)

Rank
(

ϑ̃L
1

)
=

1
8·(8− 1)

·{0.5 + 0.769 + 0.631 + 0.513 + 2 + 0.585 + 0.938 + 0.274 + 4− 1} = 0.147 (18)

The total ranking value:

Rank
(˜̃ϑ1

)
=

1
2
·(0.131 + 0.147) = 0.139 (19)

In the same way, are calculated ranking values of the rest of the students’ competences
for LLL and presented in Table 4.

Table 4. The total ranking values and rank of students’ competences for LLL.

Rank (˜̃ϑk) Rank of Competences

k = 1 0.139 3
k = 2 0.117 6
k = 3 0.134 4
k = 4 0.144 2
k = 5 0.094 8
k = 6 0.129 5
k = 7 0.096 7
k = 8 0.146 1

Based on Table 4, it may be concluded that the highest level of competences is denoted
under competence k = 8 (Cultural awareness and expression). The lowest level of the
competences is denoted under competence k = 5 (Learn how to learn). The results seem
to be quite logical since students believe that their competence in cultural awareness is
at the highest level. Also, students believe that their ability how to learn is at the lowest
level. This is worth to be furthermore investigation since 2020 and 2021 were specific years
due to distance learning issues caused by the COVID 19 pandemic. The education process
dominantly should enhance the lowest ranking competence, so different activities should
be defined in achieving this goal.

Taking that into consideration, the improvement of the curricula could be the solution
but according to the opinion of authors, an appropriate textbook or auxiliary university
textbook with the appropriate content and scope could be a more effective solution. The
content should be designed so the lowest-ranked competences could be enhanced by apply-
ing theoretical and practical approaches. The textbook should cover, among all, mapping
entrepreneurial competencies, fundamentals of marketing, teams and team management,
business ethics and social responsibility, market analysis, production costs and income of
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a competing company, encouraging entrepreneurship and innovations, and the courage
to embrace new ideas and others. It is worth mentioning that competences for LLL are
fundamental for acquiring new knowledge for students that are going to become employees
or even entrepreneurs over years. That opens the future directions of the research since
the presented survey can be executed in the following semesters and the success of the
proposed auxiliary textbook can be examined.

The proposed methodology is interesting to be compared with existing approaches
of assessing knowledge where students are conducting the assessment [16]. If papers are
compared, it may be concluded that the outcome of the assessment is obtained by applying
different mathematical tools. In the course of future research, it would be interesting to
compare the outcomes of our methodology with the outcomes obtained with the same
input data by applying the methodology used by [16].

5. Conclusions

The improvement of courses at different level study programs is a very important
issue at universities all over the world. The drivers for change and improvement might be
identified in both, the university itself and its environment. The major input comes from
the market demands, but also, the development of new technologies, ongoing research,
and innovations activities may tailor the need for change and improvement. At the same
time, the person in charge of program delivery at faculty/university should be aware of
the students’ knowledge and competences acquired during the program realization. In
compliance with that, some corrective actions might be proposed and implemented.

Since the knowledge level at the denoted course is assessed at the defined scales, their
assessment is formal. The authors of this paper have recognized the need for assessing
student competences as an answer to the research problem. It is shown that the level of
students’ competences for LLL can be successfully stated as a fuzzy multi-criteria decision-
making task. Due to the complexity of competences, it is not easy to present the level of
mastering it by precise numbers. In the scope of the research, it is indicated that students
have expressed their assessment of competences for LLL while using predefined linguistic
expressions more smoothly compared to the employment of precise numbers. The proposed
methodology embracing the IT2FDelphi and IT2FSAW is tested on the real data provided
by students enrolled in the existing bachelor study program.

The main theoretical contribution of the research is that a new methodology for assess-
ing and ranking the competences in uncertain environments is proposed: (1) the description
of assessed competences in presence of uncertainties is presented by IT2TrFNs, (2) the
assessed value of the competences is presented as a task of fuzzy group decision making
and solved by employing fuzzy Delphi, (3) the rank of the competences is determined by
fuzzy SAW technique.

The utilitarian contribution of the research is the determination of the order of LLL
competences improvement. The weakest competences should be enhanced firstly through
the university course improvement. One of the recommendations of the European Par-
liament and the Council provides the base for building the key competences for lifelong
learning—a European reference framework. In compliance with the obtained results, stu-
dents should be encouraged to develop the competencies that may serve as a base for the
overall enhancement of lifelong learning competences. Those competences are related to
identifying opportunities by searching the Internet sources, which should be supported
with creativity and ethical and sustainable thinking.

The key message of the research outcome would be setting the guideline that explains
the proposed method for competence ranking so teachers could make the assessment every
year and monitor the level of students’ competences. In this way, a comprehensive statistical
analysis could be provided to define new teaching material including new textbooks, case
studies, practice books, monographs, etc.

The directions of the future research should be related to the promotion of other
competences that should be enhanced at the student level, such as competences related
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to self-awareness and self-efficacy as well as resource management and financial and
economic literacy. According to the stated, it is worth mentioning that students should
cooperate with other students in the implementation of case studies, seminar work, and the
creation of digital content so the competence of work with others should be enhanced, too.
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Appendix A

Table A1. Input data—Step 1 of the proposed Algorithm.

STUDENT k = 1 k = 2 k = 3 k = 4 k = 5 k = 6 k = 7 k = 8

Student 1 Q4 Q4 Q4 Q4 Q3 Q4 Q3 Q5
Student 2 Q4 Q4 Q4 Q5 Q4 Q3 Q3 Q3
Student 3 Q4 Q2 Q3 Q3 Q3 Q5 Q2 Q5
Student 4 Q5 Q5 Q4 Q4 Q4 Q5 Q3 Q4
Student 5 Q5 Q4 Q4 Q3 Q4 Q4 Q4 Q3
Student 6 Q4 Q4 Q5 Q5 Q3 Q5 Q2 Q5
Student 7 Q3 Q5 Q3 Q3 Q4 Q3 Q3 Q3
Student 8 Q4 Q4 Q4 Q4 Q3 Q5 Q4 Q5
Student 9 Q5 Q4 Q4 Q4 Q3 Q4 Q4 Q5
Student 10 Q4 Q4 Q4 Q3 Q4 Q4 Q4 Q4
Student 11 Q5 Q5 Q4 Q5 Q2 Q4 Q1 Q5
Student 12 Q5 Q5 Q5 Q3 Q5 Q4 Q2 Q4
Student 13 Q4 Q4 Q5 Q5 Q5 Q3 Q3 Q4
Student 14 Q5 Q4 Q4 Q4 Q5 Q4 Q2 Q4
Student 15 Q4 Q4 Q4 Q5 Q2 Q5 Q2 Q5
Student 16 Q4 Q3 Q5 Q5 Q4 Q4 Q5 Q4
Student 17 Q5 Q4 Q4 Q4 Q3 Q4 Q3 Q4
Student 18 Q4 Q3 Q4 Q4 Q3 Q4 Q2 Q5
Student 19 Q5 Q4 Q4 Q4 Q4 Q4 Q4 Q4
Student 20 Q5 Q4 Q4 Q4 Q4 Q5 Q2 Q3
Student 21 Q5 Q5 Q5 Q5 Q3 Q4 Q3 Q4
Student 22 Q4 Q4 Q4 Q5 Q3 Q5 Q2 Q4
Student 23 Q5 Q4 Q5 Q5 Q4 Q4 Q3 Q4
Student 24 Q5 Q4 Q4 Q5 Q2 Q5 Q5 Q5
Student 25 Q4 Q4 Q4 Q5 Q5 Q4 Q3 Q3
Student 26 Q4 Q3 Q4 Q4 Q3 Q4 Q3 Q3
Student 27 Q4 Q3 Q3 Q3 Q4 Q4 Q2 Q5
Student 28 Q4 Q3 Q4 Q5 Q3 Q5 Q2 Q5
Student 29 Q4 Q3 Q4 Q4 Q5 Q4 Q4 Q4
Student 30 Q5 Q5 Q5 Q5 Q4 Q4 Q3 Q4
Student 31 Q5 Q5 Q4 Q5 Q3 Q4 Q1 Q5
Student 32 Q5 Q4 Q4 Q5 Q4 Q5 Q3 Q5
Student 33 Q5 Q3 Q3 Q4 Q4 Q4 Q5 Q5
Student 34 Q4 Q3 Q5 Q5 Q3 Q4 Q2 Q4
Student 35 Q4 Q5 Q4 Q5 Q2 Q4 Q2 Q5
Student 36 Q4 Q3 Q4 Q4 Q3 Q4 Q4 Q4
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Table A1. Cont.

STUDENT k = 1 k = 2 k = 3 k = 4 k = 5 k = 6 k = 7 k = 8

Student 37 Q4 Q4 Q5 Q5 Q2 Q3 Q2 Q2
Student 38 Q4 Q4 Q4 Q5 Q3 Q4 Q3 Q4
Student 39 Q5 Q4 Q4 Q4 Q5 Q3 Q4 Q4
Student 40 Q5 Q3 Q5 Q5 Q4 Q5 Q4 Q4
Student 41 Q5 Q4 Q4 Q4 Q4 Q4 Q3 Q4
Student 42 Q5 Q4 Q5 Q5 Q3 Q5 Q3 Q5
Student 43 Q4 Q4 Q4 Q5 Q4 Q3 Q2 Q4
Student 44 Q4 Q3 Q5 Q3 Q4 Q4 Q4 Q4
Student 45 Q5 Q5 Q5 Q4 Q4 Q3 Q4 Q4
Student 46 Q4 Q4 Q4 Q4 Q4 Q4 Q4 Q4
Student 47 Q4 Q3 Q4 Q5 Q3 Q4 Q2 Q5
Student 48 Q5 Q4 Q5 Q3 Q5 Q4 Q5 Q4
Student 49 Q4 Q4 Q4 Q4 Q3 Q4 Q4 Q4
Student 50 Q4 Q4 Q5 Q4 Q4 Q3 Q2 Q4
Student 51 Q4 Q2 Q4 Q4 Q2 Q3 Q2 Q4
Student 52 Q5 Q4 Q5 Q3 Q4 Q5 Q4 Q4
Student 53 Q4 Q4 Q4 Q5 Q3 Q5 Q3 Q5
Student 54 Q5 Q4 Q5 Q4 Q4 Q4 Q3 Q4
Student 55 Q4 Q3 Q3 Q4 Q4 Q4 Q4 Q4
Student 56 Q5 Q4 Q5 Q4 Q3 Q5 Q3 Q4
Student 57 Q4 Q4 Q5 Q4 Q4 Q5 Q3 Q5
Student 58 Q4 Q4 Q5 Q5 Q3 Q2 Q2 Q2
Student 59 Q5 Q4 Q4 Q4 Q4 Q4 Q5 Q4
Student 60 Q4 Q4 Q4 Q4 Q5 Q5 Q5 Q4
Student 61 Q5 Q4 Q4 Q4 Q5 Q5 Q5 Q5
Student 62 Q5 Q3 Q3 Q2 Q1 Q3 Q3 Q4
Student 63 Q5 Q5 Q5 Q5 Q4 Q5 Q4 Q5
Student 64 Q5 Q5 Q4 Q5 Q5 Q4 Q4 Q4
Student 65 Q5 Q3 Q3 Q5 Q4 Q5 Q4 Q4
Student 66 Q4 Q4 Q5 Q5 Q4 Q4 Q5 Q5
Student 67 Q4 Q3 Q3 Q4 Q4 Q4 Q4 Q4
Student 68 Q5 Q5 Q4 Q5 Q5 Q5 Q4 Q5
Student 69 Q5 Q3 Q3 Q5 Q4 Q4 Q5 Q4
Student 70 Q5 Q5 Q5 Q5 Q5 Q5 Q5 Q5
Student 71 Q5 Q4 Q5 Q5 Q5 Q4 Q4 Q4
Student 72 Q5 Q4 Q5 Q5 Q5 Q5 Q4 Q5
Student 73 Q5 Q3 Q4 Q5 Q3 Q5 Q3 Q2
Student 74 Q5 Q2 Q5 Q4 Q5 Q3 Q4 Q5
Student 75 Q5 Q4 Q3 Q4 Q3 Q5 Q2 Q5
Student 76 Q5 Q4 Q3 Q4 Q3 Q4 Q4 Q4
Student 77 Q5 Q5 Q5 Q5 Q5 Q5 Q5 Q5
Student 78 Q5 Q4 Q4 Q4 Q4 Q4 Q5 Q5
Student 79 Q4 Q2 Q3 Q3 Q4 Q3 Q3 Q4
Student 80 Q4 Q5 Q4 Q4 Q4 Q4 Q4 Q4
Student 81 Q5 Q4 Q4 Q4 Q4 Q4 Q5 Q5
Student 82 Q5 Q5 Q4 Q5 Q4 Q4 Q5 Q5
Student 83 Q5 Q1 Q4 Q3 Q4 Q5 Q4 Q5
Student 84 Q5 Q4 Q5 Q5 Q5 Q4 Q4 Q5
Student 85 Q5 Q3 Q5 Q5 Q4 Q5 Q4 Q4
Student 86 Q5 Q4 Q3 Q5 Q3 Q3 Q3 Q4
Student 87 Q5 Q3 Q3 Q5 Q4 Q5 Q4 Q3
Student 88 Q5 Q3 Q4 Q5 Q4 Q5 Q4 Q4
Student 89 Q4 Q2 Q3 Q2 Q3 Q4 Q3 Q4
Student 90 Q4 Q3 Q4 Q4 Q5 Q4 Q4 Q4
Student 91 Q4 Q2 Q3 Q3 Q4 Q4 Q3 Q4
Student 92 Q5 Q3 Q4 Q5 Q5 Q5 Q2 Q4
Student 93 Q5 Q4 Q4 Q3 Q4 Q4 Q4 Q5
Student 94 Q5 Q3 Q4 Q4 Q4 Q4 Q4 Q4
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