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Abstract: As technology continues to shape the landscape of education, the need for effective
evaluation frameworks for sustainable technology-enhanced learning (TEL) becomes increasingly
vital. This study presents an expert-opinion-based evaluation framework, utilizing Z-numbers
and the fuzzy logarithm methodology of additive weights (LMAW), to assess the sustainability of
TEL approaches. This framework focuses on four main criteria: cloud services compliance, cloud
M-Learning essentials, system and technological advancement, and organizations management
readiness. Additionally, it incorporates 17 sub-criteria to provide a comprehensive evaluation of the
system. Drawing on the expertise of subject matter specialists, the evaluation framework utilizes
Z-numbers to account for the inherent uncertainty and imprecision in expert judgments. The fuzzy
LMAW is applied to calculate the overall scores for each criterion and sub-criterion, enabling a
quantitative measure of their importance in the evaluation process. The findings of this study will
contribute to the development of a robust and scientifically rigorous evaluation framework for
sustainable TEL. By incorporating expert opinions and employing Z-LMAW, decision-makers and
stakeholders can objectively assess the sustainability of TEL systems. This framework holds promise
for informing the design and implementation of strategies to enhance the quality, compliance, and
technological advancements in TEL environments.

Keywords: technology-enhanced learning; e-learning; M-learning; Z-numbers; fuzzy LMAW; uncer-
tainty; sustainability

1. Introduction

Technology-enhanced learning (TEL) has revolutionized the field of education, offering
new avenues for engaging and personalized learning experiences [1]. As the adoption
of digital technologies continues to grow, it is crucial to assess the sustainability of TEL
systems to ensure their long-term effectiveness and societal impact [2–5]. Sustainability in
this context encompasses not only environmental considerations but also economic viability,
social equity, and pedagogical effectiveness [6,7]. Educational institutions are increasingly
recognizing the need to align their learning practices with sustainable development goals,
aiming to create educational experiences that empower learners to become responsible
global citizens who can address complex challenges [8–10]. Evaluating the sustainability of
such systems requires a comprehensive framework that captures the multifaceted nature of
their impact and provides actionable insights for educators, policymakers, and technology
developers.
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In line with this pressing need, this study introduces an expert-opinion-based eval-
uation framework, supported by the integration of Z-numbers and the fuzzy logarithm
methodology of additive weights (Z-LMAW), for assessing the sustainability of TEL sys-
tems. By leveraging the collective wisdom and expertise of subject matter specialists,
this framework combines qualitative insights with quantitative analysis, facilitating a
comprehensive and rigorous evaluation process.

The evaluation framework centers around four key criteria identified as fundamental
to sustainable TEL: cloud services compliance, cloud M-Learning essentials, system and
technological advancement, and organizations management readiness [11]. Each crite-
rion represents critical aspects of the TEL ecosystem, including compliance with cloud
service standards, essential features for mobile learning in cloud environments, techno-
logical advancements, and organizational readiness for managing and sustaining TEL
initiatives [12,13]. To further enhance the assessment, a set of 17 sub-criteria were identified
to provide granular insights into the specific dimensions of sustainability.

The incorporation of Z-numbers and the fuzzy LMAW empowers decision-makers
to systematically evaluate the sustainability of TEL systems. Z-numbers account for the
inherent uncertainty and imprecision of expert judgments, ensuring a robust consideration
of diverse perspectives [14]. The fuzzy LMAW synthesizes expert opinions into comprehen-
sive scores, enabling a quantitative measure of the importance assigned to each criterion
and sub-criterion [15].

By employing this evaluation framework, stakeholders in the education sector can
make informed decisions and drive improvements in the sustainability of TEL systems.
The results of the assessment provide valuable insights into the strengths and weaknesses
of existing systems, enabling targeted interventions to enhance their sustainability and
overall educational impact. Furthermore, this framework can serve as a stepping stone
for the development of evidence-based policies, practices, and investments in TEL that
align with the principles of sustainability. Through the application of the Z-LMAW method,
it will be established which criteria are key to the success of TEL systems in sustainable
education.

Since this study addresses the critical need for evaluating the sustainability of TEL
systems through an expert-opinion-based Z-LMAW evaluation framework by combining
qualitative and quantitative approaches, this framework provides a comprehensive under-
standing of the sustainability landscape and offers valuable insights for advancing TEL in
a sustainable manner.

The aim of this paper is to evaluate and determine the importance of criteria for
the implementation of TEL systems in educational institutions. Based on this, important
information were collected on which criteria are most important to experts and which are
not. Thanks to these results, it is possible to improve TEL systems in order to be more
efficient and better achieve sustainability goals. The present research is focused on the
College of Tourism with the primary goal of improving the system at this higher education
institution. Based on these results, other higher education institutions in the region and
beyond can improve their TEL systems so that they are better and better achieve the goals of
sustainability in education for the future. In the future, it is necessary to use TEL systems to
influence sustainability and overall efficiency in education, especially in specialist studies
where the focus of the study is narrow and specialist, such as in the study of tourism.
In order to achieve sustainability in education using TEL systems, this research needs to
answer the question: what are the key criteria for the success of a sustainable TEL system?

The subsequent sections of this paper provide a comprehensive exploration of the
expert-opinion-based Z-LMAW evaluation framework for sustainable TEL. In Section 2,
the current literature is reviewed. In Section 3—Preliminaries, the methodology employed
in this study, including the incorporation of Z-numbers and the fuzzy LMAW, is presented,
offering insights into the evaluation process. Section 4 focuses on the case study conducted
at the College of Tourism, and Section 5—Results highlights the practical implications
and recommendations for educators, policymakers, and researchers based on the findings
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derived from the evaluation framework. In Section 6—Discussion, the results are critically
analyzed, and their implications for the field of TEL are discussed, addressing key themes
and areas of further investigation. Finally, Section 7—Conclusions summarizes the main
contributions of this study, provides a synthesis of the findings, and outlines avenues
for future research, underscoring the importance of sustainable TEL in the educational
landscape.

2. Literature Review

Sustainable TEL has emerged as a significant area of research and practice in the
field of education. The concept of sustainability in TEL encompasses multiple dimensions,
including environmental, economic, and social aspects. Scholars have emphasized the
importance of aligning educational practices with sustainable development goals [16],
fostering a culture of environmental responsibility, and promoting social equity through
TEL initiatives. Several studies have highlighted the potential of technology to minimize
environmental impacts, such as reducing paper consumption [17–19], energy usage [20,21],
and carbon emissions [22,23] through virtual learning environments and online resources.

Pedagogical approaches in sustainable TEL focus on learner-centered strategies, foster-
ing active engagement, collaboration, and critical thinking [24,25]. Research has explored
the integration of digital technologies, such as mobile devices, online platforms, and virtual
reality, to enhance learning experiences and promote self-directed learning [26–28]. The
use of gamification, adaptive learning systems, and personalized learning pathways has
also been investigated to optimize engagement and knowledge retention in sustainable
TEL environments [29–31].

Technological advancements play a crucial role in sustainable technology-enhanced
learning [32]. Emerging technologies, such as artificial intelligence (AI), machine learning
(ML), and the Internet of Things (IoT), have the potential to transform educational practices
and improve the efficiency and effectiveness of learning processes [33,34]. Studies have
explored the integration of these technologies to facilitate personalized learning experiences,
adaptive assessment, and intelligent feedback mechanisms [35–39]. Additionally, the
development of cloud-based learning platforms and mobile applications has expanded
access to education, enabling learners to engage in learning anytime and anywhere [40–42].

Organizational considerations are vital for the successful implementation and sustain-
ability of TEL initiatives. Educational institutions need to establish supportive policies,
infrastructure, and resources to foster a culture of innovation and technology integra-
tion [43]. Research [44,45] has highlighted the importance of leadership, professional
development programs, and collaborative partnerships between educators, policymakers,
and technology developers to ensure effective implementation and long-term sustainability
of TEL initiatives.

Since modern students are part of a mobile “homuter” society [46], their mobile
phones, tablets, computers, and other information communication technology devices
are considered not only integral parts of themselves but also the primary means of com-
munication and acquiring knowledge. The rapid proliferation of technology has led to
virtualization [46,47], wherein individuals’ fundamental social needs are fulfilled through
computers and/or mobile devices. This has given rise to a new phenomenon known
as “cyber-socialization” [48]. Consequently, traditional didactic lectures quickly become
outdated teaching methods. To cater to the needs of modern students, teachers should
incorporate a range of recent, cutting-edge pedagogical approaches, educational technolo-
gies, and teaching strategies into their toolkit [49]. These approaches can either supplement
existing lectures or be used as alternatives to the conventional lecture format.

It is believed that technologies-in-practice are influenced by students’ knowledge,
practices, and contextual factors [50]. However, the use of technology itself may lead
to changes in its nature [51]. Additionally, previous studies [51] suggest that students
tend to prefer their own mobile technologies while utilizing various distance learning
platforms [52]. Research findings [53] indicate that video conferencing platforms and
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learning management systems (LMSs) are the two primary categories of online tools and
resources employed by most institutions. Commonly used online tools include Canvas,
Blackboard, Google Classroom, and Microsoft Teams, while platforms like Moodle, Zoom,
WhatsApp, and Viber are also widely utilized.

While the literature on sustainable TEL is extensive, several gaps and challenges
remain. Scholars have called for further research on the assessment and evaluation of the
sustainability impact of TEL systems. The development of comprehensive evaluation frame-
works, like the one presented in this study, can provide valuable insights into the strengths
and weaknesses of existing systems and guide decision-making processes. Furthermore,
the integration of ethical considerations, digital citizenship, and social responsibility in TEL
practices requires continued exploration [54,55].

The literature on sustainable TEL demonstrates the increasing importance of aligning
educational practices such as e-learning, m-learning, and u-learning [13] with principles of
sustainability. By integrating environmental, economic, and social dimensions into TEL
initiatives, educational institutions can create effective and environmentally conscious
learning environments.

3. Preliminaries

Decision making is a pervasive phenomenon across various domains [56]. Diverse
approaches have been employed to facilitate the decision-making process [57,58]. In 1965,
Zadeh introduced fuzzy numbers as a means of accommodating human reasoning in
decision making [59]. He posited that decision making could be performed even in the
absence of precise data, wherein imprecise judgments come into play. Fuzzy logic serves
as an extension of classical logic in decision making, particularly when assessments lack
well-defined boundaries [60,61]. This arises due to the existence of real-world situations
that defy clear definition, making it arduous to establish crisp set boundaries [62,63].
Consequently, evaluations are expressed as linguistic values, tailored to align with human
cognition [64,65]. To utilize these values effectively, a fuzzy number membership function
is formulated to assign fuzzy numbers to specific linguistic values [66]. In fuzzy numbers,
the boundaries are not precisely delineated, leading to overlapping boundaries [67,68].
Over time, advancements have been made to enhance these fuzzy numbers, resulting in
novel applications [69]. To address decision making under conditions of uncertainty, the
concept of Z-numbers was introduced [70]. A Z-number, denoted as Z = (A, B), consists
of an A fuzzy number representing the expert’s assessment value and a B fuzzy number
representing the reliability of the A fuzzy number.

Considering an A fuzzy number A = (a1.a2.a3) and a B fuzzy number B = (b1.b2.b3),
the Z-number can be expressed as:

∼
Z = {(a1.a2.a3; wA).(b1.b2.b3; wB)} (1)

To employ Z-numbers, a transformation from Z-numbers to classical fuzzy numbers
is necessary. This transformation follows a series of steps [71,72]:

Step 1: Transforming the B fuzzy number into a crisp number using defuzzification.
This step converts the fuzzy number into a crisp number to allow operations on the A fuzzy
number.

α =
b1 + b2 + b3

3
(2)

Step 2: Adding the weight of the second part (B) of the Z-number to the first part (A)
of the fuzzy number. This step can be represented as follows:

∼
Z

∝
= {〈 x.µAα(x)〉|µAα(x) = αµA(x)} (3)
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Step 3: Converting the Z-number into a regular fuzzy number. This is achieved by
taking the square root of the defuzzification value of the B fuzzy number and adding it to
the A fuzzy number.

∼
Z
′
=
√

α·
∼
A =

(√
α·a1.
√

α·a2.
√

α·a3
)

(4)

This transformation converts the Z-number into a classical fuzzy number by incorporat-
ing the degree of uncertainty represented by the B fuzzy number into the decision-making
process.

In this study, the Z-LMAW method was used to determine the criteria weights. This
method extends the fuzzy LMAW method with Z-numbers. The weight assignment is
accomplished by considering the significance of each criterion, as represented by the A
fuzzy number, along with the expert’s uncertainty in their evaluations, expressed by the B
fuzzy number.

The LMAW method was initially introduced by Pamučar et al. [73]. In addition to
weight determination, this method also allows for the ranking of alternatives. In this paper,
the Z-LMAW method was employed to determine the criterion weights, thereby identifying
the most critical criterion for sustainable TEL. The steps of the Z-LMAW method are as
follows:

Step 1: Prioritization of criteria. In this step, experts evaluate the criteria
(C = {C1.C2.C3. . . . .Cn}) and determine the individual significance of each criterion based
on their level of agreement according to the defined linguistic scale for the A fuzzy number.
They also consider the degree of certainty in their assessment using the defined linguistic
scale for the B fuzzy number (Table 1).

Table 1. Linguistic scales for assessing criterion significance.

Linguistic Value Fuzzy Number A Linguistic Value Fuzzy Number B

Absolutely low (AL) (1. 1. 1) Very small (VS) (0. 0. 0.2)
Very low (VL) (1. 1.5. 2) Small (S) (0.1. 0.25. 0.4)

Low (L) (1.5. 2. 2.5) Medium (M) (0.3. 0.5. 0.7)
Medium low (ML) (2. 2.5. 3) High (H) (0.55. 0.75. 0.95)

Equal (E) (2.5. 3. 3.5) Very high (VH) (0.8. 1. 1)
Medium high (MH) (3. 3.5. 4)

High (H) (3.5. 4. 4.5)
Very high (VH) (4. 4.5. 5)

Absolutely high (AH) (4.5. 5. 5)

Based on these assessments, the priority vectors
∼
A

e
= (

∼
a

e
C1.
∼
a

e
C2. . . .

∼
a

e
Cn) and confi-

dence degree vectors
∼
B

e
= (
∼
b

e

C1.
∼
b

e

C2. . . .
∼
b

e

Cn) are defined, considering the evaluations for
the A fuzzy number and the B fuzzy number.

Step 2: The Z-number is transformed into an ordinary fuzzy number through the
operations outlined in Equations (1)–(4). This transformation results in new priority vectors
with integrated degrees of agreement with the given evaluations

∼
p

e
= (
∼
γ

e
C1.
∼
γ

e
C2. . . .

∼
γ

e
Cn).

After the transformation from Z-numbers to ordinary fuzzy numbers, the conventional
steps of the fuzzy LMWA method are followed.

Step 3: Determination of the absolute fuzzy anti-ideal point (
∼
γAIP). This value is

smaller than the minimum value in the set of priorities.

Step 4: Calculation of the values of the fuzzy ratio vector
∼
R

e
= (
∼
η

e
C1.
∼
η

e
C2. . . .

∼
η

e
Cn). This

ratio vector is obtained by dividing the transformed Z-numbers by the value of the absolute
fuzzy anti-ideal point.

∼
µ

e
Cn =

( ∼
γ

e
Cn

∼
γAIP

)
=

(
γ
(l)e
Cn

γ
(r)
AIP

.
γ
(m)e
Cn

γ
(m)
AIP

.
γ
(r)e
Cn

γ
(l)
AIP

)
(5)
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Step 5: Calculation of the criterion weight vectors individually for each expert. In this
step, the natural logarithm (ln) of the fuzzy ratio vector values is computed and divided by
the natural logarithm of the product of these values.

∼
ω

e
j =

 ln
(∼

µ
e
Cn

)
ln
(

∏n
j=1
∼
µ

e
Cn

)
 =

 ln
(

µ
(l)e
Cn

)
ln
(

∏n
j=1 µ

(r)e
Cn

) .
ln
(

µ
(m)e
Cn

)
ln
(

∏n
j=1 µ

(m)e
Cn

) .
ln
(

µ
(r)e
Cn

)
ln
(

∏n
j=1 µ

(l)e
Cn

)
 (6)

Step 6: Determination of the final criterion weights using the Bonferroni aggregator.
This aggregator is employed to harmonize the individual criterion weights obtained from
the experts. 1

k(k−1)

k

∑
i.j=1

i 6=j

∼
ω
(e)p
i
∼
ω
(e)q
i



1
p+q

=



 1
k(k−1)

k

∑
i.j=1

i 6=j

ω
(le)p
i ω

(le)q
i



1
p+q

.

 1
k(k−1)

k

∑
i.j=1

i 6=j

ω
(me)p
i ω

(me)q
i



1
p+q

.

 1
k(k−1)

k

∑
i.j=1

i 6=j

ω
(re)p
i ω

(re)q
i



1
p+q


(7)

Step 7: Defuzzification of the fuzzy criterion weights into crisp values.

wj =
wl

j + 4× wm
j + wr

j

6
(8)

4. Case Study

In an era marked by globalization and technology-driven industries, educational
institutions such as the College of Tourism must adapt and embrace innovative approaches
to meet the evolving needs of students and the industry. TEL presents opportunities to
enhance the educational experience, engage students actively, and equip them with the
necessary skills for success in the digital age. Established in 1967, the College of Tourism
has a distinguished history as a leading institution in the field of tourism education. Over
the years, the college has witnessed significant transformations in both the tourism industry
and the educational sector. The rapid advancements in technology and evolving student
expectations have necessitated a proactive approach to ensure that the college’s educational
offerings remain relevant and effective. In response to the changing educational landscape
and the transformative potential of technology, the college has undertaken an initiative to
integrate TEL approaches into its curriculum.

TEL plays a crucial role in preparing future tourism professionals. By leveraging
technology tools and platforms, the College of Tourism can achieve several significant
benefits. Firstly, TEL facilitates interactive and experiential learning, enabling students
to engage with real-world scenarios and simulations, thereby enhancing their critical
thinking and problem-solving skills [74,75]. Secondly, TEL ensures industry relevance
by keeping the college updated with industry advancements, thus providing students
with relevant knowledge and skills [44]. Thirdly, TEL promotes global collaboration
by transcending geographical barriers, allowing students to interact with peers from
diverse cultural backgrounds [76,77]. Fourthly, TEL equips students with essential digital
competencies, such as data analysis and online marketing, which are highly valued by
employers in the tourism sector [78]. Lastly, TEL fosters a culture of lifelong learning by
providing access to educational resources beyond traditional classroom settings [79].
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To evaluate the sustainability of TEL at the College of Tourism, an expert panel com-
prising individuals with diverse perspectives and expertise was assembled. In this way,
the panel included 5 experts who actively use TEL systems in teaching. The panel included
a technology expert, an education specialist, a business manager, a tourism industry pro-
fessional, and an educational researcher. The technology expert possesses comprehensive
knowledge of educational technology trends, emerging tools, and practical implementa-
tions. They assessed the integration of technology platforms, software applications, and
hardware devices to ensure seamless implementation and usability of TEL approaches
at the College of Tourism. The education specialist is an expert in the field of education,
focusing on pedagogy, instructional design, and curriculum development. Their evaluation
encompassed how TEL approaches align with the college’s educational goals, promote
student engagement, and enhance learning outcomes, ensuring that TEL strategies are
founded on sound educational principles. The business manager provides insights into
the organizational and managerial aspects of integrating TEL at the College of Tourism.
They evaluated the financial implications, resource allocation, and long-term sustainabil-
ity of TEL initiatives, ensuring that the college’s strategic goals and objectives were met.
The tourism industry professional brings industry-specific expertise and insights. They
evaluated the relevance of TEL approaches in addressing the needs and demands of the
tourism industry, ensuring that TEL strategies align with industry trends, enhance employ-
ability, and prepare students for successful careers in tourism. The educational researcher
contributes a research-based perspective, examining the impact and effectiveness of TEL
in educational settings. Their assessment drew upon the existing literature, data analysis,
and evidence-based recommendations to inform decision making and further enhance the
sustainability of TEL at the College of Tourism.

To assess and rank the critical success criteria for sustainable TEL, the expert panel
followed a meticulous selection process based on the work of Naveed et al. [11]. The
framework encompassed main criteria such as cloud services compliance (CSC), cloud M-
Learning essentials (CLE), system and technological advancement (STA), and organizations
management readiness (OMR), which were further supplemented by relevant sub-criteria
(Figure 1). By relying on the research-driven criteria and sub-criteria from Naveed et al. [11],
the expert panel established a solid foundation for the subsequent evaluation and ranking
of these identified factors. This selection process enabled the College of Tourism to make
informed decisions and enhance the sustainability of its TEL initiatives. At the end of the
panel discussion, survey questionnaires were distributed to the experts, with which the
experts evaluated which factors most affect the efficiency of TEL systems at this college.

In the evaluation process, the expert panel underwent a two-step procedure. Firstly,
they assessed the criteria using linguistic values for the A fuzzy number, as outlined in
Table 1. This initial evaluation enabled them to determine the relative importance and
significance of each main and sub-criterion. Subsequently, they also considered the degree
of certainty in their assessment by referring to the defined linguistic scale for the B fuzzy
number (Table 1).

The methodology used in this research is presented in Figure 2. The first step was
the selection of experts, then the selection of criteria. Then, linguistic evaluations were
used to determine how important each criterion was to a certain expert, with the expert
having to determine how confident he was in his decision. These responses were collected
and the linguistic evaluations were first transformed into fuzzy numbers, so Z-numbers
were used to include uncertainty in decision making. Finally, the weight of the criteria was
determined using the LMAW method.
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5. Results

When determining the weights for the critical criterion for sustainable TEL, a question-
naire survey was conducted where the experts were initially required to provide ratings for
the main criteria and subsequently for the sub-criteria. The process of weight formation
for all other criteria was explained using the example of the main criteria. The experts
were tasked with assessing the importance of specific criteria and determining their level
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of confidence in that decision. The linguistic values presented in Table 1 were utilized to
establish these assessments. As evident from the responses, the experts exhibited a high
degree of confidence in their criterion evaluations, resulting in predominantly high and
very high values for the B fuzzy number (Table 2).

Table 2. Main criteria evaluation.

C1 C2 C3 C4
A B A B A B A B

Expert 1 AH H AH H EH H AH H
Expert 2 E H AH VH EH H AH VH
Expert 3 EH H H VH EH H EH H
Expert 4 ML H EH H AH H H H
Expert 5 ML H MH H ML H H H

In order to obtain the weights for the main criteria, it was necessary to first transform
the Z-numbers into fuzzy numbers. The linguistic values were initially converted into
fuzzy numbers, with fuzzy numbers A and B determined using the membership function
(Table 1). Subsequently, the defuzzification of fuzzy number B was performed, followed by
taking the square root of this value (Table 3). Finally, the resulting value was multiplied
by fuzzy number A. For example, the calculation for criterion C1 for the first expert is as
follows:

∼
Z
′
=
√

α·
∼
A = (0.866× 4.5. 0.866× 5. 0.866× 5) = (3.90. 4.33. 4.33)

This procedure was applied to the remaining criteria and for all experts. It transforms
the Z-number into an ordinary fuzzy number. Table 3 details the step-by-step transforma-
tion into final Z-numbers.

Table 3. Transformation of fuzzy number B.

C1 C2 C3 C4
A B A B A B A B

Expert 1 4.5, 5, 5 0.55, 0.75, 0.95 4.5, 5, 5 0.55, 0.75, 0.95 4, 4.5, 5 0.55, 0.75, 0.95 4.5, 5, 5 0.55, 0.75, 0.95
Expert 2 2.5, 3, 3.5 0.55, 0.75, 0.95 4.5, 5, 5 0.8, 1, 1 4, 4.5, 5 0.55, 0.75, 0.95 4.5, 5, 5 0.8, 1, 1
Expert 3 4, 4.5, 5 0.55, 0.75, 0.95 3.5, 4, 4.5 0.8, 1, 1 4, 4.5, 5 0.55, 0.75, 0.95 4, 4.5, 5 0.55, 0.75, 0.95
Expert 4 2, 2.5, 3 0.55, 0.75, 0.95 4, 4.5, 5 0.55, 0.75, 0.95 4.5, 5, 5 0.55, 0.75, 0.95 3, 3.5, 4 0.55, 0.75, 0.95
Expert 5 2, 2.5, 3 0.55, 0.75, 0.95 3, 3.5, 4 0.55, 0.75, 0.95 2, 2.5, 3 0.55, 0.75, 0.95 3, 3.5, 4 0.55, 0.75, 0.95

C1 C2 C3 C4
A De f ∼

B
A De f ∼

B
A De f ∼

B
A De f ∼

B

Expert 1 4.5, 5, 5 0.75 4.5, 5, 5 0.75 4, 4.5, 5 0.75 4.5, 5, 5 0.75
Expert 2 2.5, 3, 3.5 0.75 4.5, 5, 5 0.93 4, 4.5, 5 0.75 4.5, 5, 5 0.93
Expert 3 4, 4.5, 5 0.75 3.5, 4, 4.5 0.93 4, 4.5, 5 0.75 4, 4.5, 5 0.75
Expert 4 2, 2.5, 3 0.75 4, 4.5, 5 0.75 4.5, 5, 5 0.75 3, 3.5, 4 0.75
Expert 5 2, 2.5, 3 0.75 3, 3.5, 4 0.75 2, 2.5, 3 0.75 3, 3.5, 4 0.75

C1 C2 C3 C4
A

√
De f ∼

B
A

√
De f ∼

B
A

√
De f ∼

B
A

√
De f ∼

B

Expert 1 4.5, 5, 5 0.866 4.5, 5, 5 0.866 4, 4.5, 5 0.866 4.5, 5, 5 0.866
Expert 2 2.5, 3, 3.5 0.866 4.5, 5, 5 0.966 4, 4.5, 5 0.866 4.5, 5, 5 0.966
Expert 3 4, 4.5, 5 0.866 3.5, 4, 4.5 0.966 4, 4.5, 5 0.866 4, 4.5, 5 0.866
Expert 4 2, 2.5, 3 0.866 4, 4.5, 5 0.866 4.5, 5, 5 0.866 3, 3.5, 4 0.866
Expert 5 2, 2.5, 3 0.866 3, 3.5, 4 0.866 2, 2.5, 3 0.866 3, 3.5, 4 0.866

C1 C2 C3 C4
∼
Z
′ ∼

Z
′ ∼

Z
′ ∼

Z
′

Expert 1 3.90, 4.33, 4.33 3.90, 4.33, 4.33 3.46, 3.90, 4.33 3.90, 4.33, 4.33
Expert 2 2.17, 2.60, 3.03 4.35, 4.83, 4.83 3.46, 3.90, 4.33 4.35, 4.83, 4.83
Expert 3 3.46, 3.90, 4.33 3.38, 3.86, 4.35 3.46, 3.90, 4.33 3.46, 3.90, 4.33
Expert 4 1.73, 2.17, 2.60 3.46, 3.90, 4.33 3.90, 4.33, 4.33 3.03, 3.46, 3.90
Expert 5 1.73, 2.17, 2.60 2.60, 3.03, 3.46 1.73, 2.17, 2.60 3.03, 3.46, 3.90
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Once the Z-number was transformed, the steps of the fuzzy LMAW method were
applied. The first step involves dividing the fuzzy numbers by the fuzzy anti-ideal point.
Since the minimum value of the transformed Z-number was 1.73, a value of 1.7 was
chosen as the fuzzy anti-ideal point

∼
γAIP = (1.7, 1.7, 1.7). Afterward, the natural logarithm

was applied, calculating the natural logarithm for all obtained values. This value was
then divided by the natural logarithm obtained from the product of the individual fuzzy
numbers for all criteria.

For the first criterion and the first expert, the calculation is as follows:

∼
ω

e
1 =

(
ln(2.29)

ln(2.29× 2.29× 2.04× 2.29)
,

ln(2.55)
ln(2.55× 2.55× 2.29× 2.55)

,
ln(2.55)

ln(2.55× 2.55× 2.55× 2.55)

)
= (0.22, 0.26, 0.29)

The same calculation was performed for all criteria and all experts (Table 4).

Table 4. Criteria vector weights for each criterion and each expert.

C1 C2 C3 C4

Expert 1 0.22 0.26 0.29 0.22 0.26 0.29 0.19 0.23 0.29 0.22 0.26 0.29
Expert 2 0.07 0.13 0.20 0.26 0.31 0.37 0.20 0.25 0.33 0.26 0.31 0.37
Expert 3 0.19 0.25 0.33 0.18 0.25 0.33 0.19 0.25 0.33 0.19 0.25 0.33
Expert 4 0.01 0.09 0.20 0.23 0.31 0.44 0.27 0.34 0.44 0.19 0.26 0.39
Expert 5 0.01 0.14 0.41 0.18 0.33 0.68 0.01 0.14 0.41 0.24 0.40 0.80

Subsequently, the Bonferroni aggregator was applied to harmonize the weights as-
signed by individual experts. By applying the Bonferroni aggregator, the fuzzy weights for
the main criteria were obtained. These weights were then defuzzified to obtain the final
results (Table 5). Based on these results, criterion C4 received the highest weight, while
criterion C1 received the lowest weight (Table 5).

Table 5. Main criteria weights.

Fuzzy Criteria Weight Criteria Weight

C1 C2 C3 C4 C1 C2 C3 C4

0.09 0.17 0.28 0.21 0.29 0.42 0.16 0.24 0.36 0.22 0.30 0.43 0.174 0.298 0.247 0.304

The same steps were applied to calculate the weights for the sub-criteria. Only the
linguistic values (Table 6) and the final weights for these criteria are presented in the
following paragraphs, as the procedure is identical to calculating the weights of the main
criteria.

Table 6 represents the linguistic ratings provided by the experts and serves as the
initial decision matrix for determining the weights of the sub-criteria. The same steps
were followed. First, the Z-numbers were transformed into fuzzy numbers, and then the
weights of the sub-criteria were obtained using the fuzzy LMAW method. To obtain the
final weights of these criteria, the weights of the main criteria were multiplied by the
corresponding weights of the sub-criteria. Thus, the weight of C1 was multiplied by the
weights of the corresponding sub-criteria (C11, C12, C13, and C14). The same procedure
was applied to the other criteria. The weights obtained through the Z-LMAW method
are presented in Table 7. To ensure the comparability of the criteria weights, adjustments
were made to the weights of the sub-criteria for criterion C2. This was necessary because
criterion C2 had five sub-criteria, while the other criteria had four sub-criteria. Therefore,
the sub-criteria for criterion C2 were placed in an unfavorable position, resulting in their
values being 25% lower than the other values. As a result, the weights of these sub-criteria
were increased by 25% to maintain the same proportion.
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Table 6. Initial decision matrix with linguistic values.

C11 C11 C12 C12 C13 C13 C14 C14

A B A B A B A B

Expert 1 EH H EH H AH H AH H
Expert 2 E M E M E M AH VH
Expert 3 AH M E M H H AH H
Expert 4 EH H H H AH H MH H
Expert 5 H H MH H EH H ML H

C21 C21 C22 C22 C23 C23 C24 C24 C25 C25
A B A B A B A B A B

Expert 1 AH H AH H AH H AH H AH H
Expert 2 AH VH AH VH AH VH AH VH AH VH
Expert 3 E H AH VH H VH AH VH H VH
Expert 4 EH H H H AH H MH H H H
Expert 5 MH H H H MH H H H MH H

C31 C31 C32 C32 C33 C33 C34 C34
A B A B A B A B

Expert 1 EH H EH H EH M AH VH
Expert 2 EH H H H H M AH VH
Expert 3 AH M E H AH VH EH VH
Expert 4 EH H AH H H H MH H
Expert 5 H H MH H H H ML H

C41 C41 C42 C42 C43 C43 C44 C44
A B A B A B A B

Expert 1 AH VH AH VH AH VH AH VH
Expert 2 AH VH AH VH AH VH AH VH
Expert 3 MH H H M EH VH AH VH
Expert 4 H H EH H ML H AH H
Expert 5 H H MH H H H EH H

Based on the obtained weights, the following conclusions can be drawn. When
considering the main criteria, criterion C4 received the highest weight, followed by criterion
C2, and criterion C1 received the lowest weight. When considering the sub-criteria, the
best-ranked sub-criterion of the main criterion C1 is C14, followed by C13, while the lowest
weight was assigned to C12. When considering the sub-criteria of the main criterion C2,
the highest weight was assigned to C22, followed by C24, while the lowest weight was
assigned to C21. When considering the sub-criteria of the main criterion C3, the highest
weight was assigned to C31, followed by C33, while the lowest weight was assigned to
C32. When considering the sub-criteria of the main criterion C4, the highest weight was
assigned to C44, followed by C41, while the lowest weight was assigned to C43.

By examining only the weights of the sub-criteria, it can be concluded that the best-
ranked sub-criterion is C44, followed by the four sub-criteria of the main criterion C2,
namely C22, C23, and C24 (Table 7). The lowest weight was assigned to the sub-criterion
C12. Based on these results, the main criterion C4 has the best weights and also received the
highest weight compared to other main criteria, while the sub-criteria of the main criterion
C1 have the lowest ranks and received the lowest weights among all main criteria. This
research thus demonstrates the significant role of main criterion weights in determining
the final weights of the sub-criteria.
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Table 7. Critical criterion for sustainable TEL weights.

Criteria Local Value Rank Global Value Rank

C1 0.174 4

C11 0.250 3 0.047 16
C12 0.191 4 0.037 17
C13 0.270 2 0.051 15
C14 0.301 1 0.056 14

C2 0.298 2

C21 0.183 5 0.070 9
C22 0.215 1 0.082 2
C23 0.208 3 0.080 4
C24 0.208 2 0.080 3
C25 0.197 4 0.076 6

C3 0.247 3

C31 0.273 1 0.070 10
C32 0.239 4 0.062 13
C33 0.250 2 0.064 11
C34 0.249 3 0.064 12

C4 0.304 1

C41 0.244 2 0.076 5
C42 0.237 3 0.075 7
C43 0.229 4 0.072 8
C44 0.297 1 0.092 1

6. Discussion

The primary goal of any educational system is to facilitate the effective transfer of
knowledge from teachers or professors to students. Throughout history, this process has
undergone significant changes as various teaching aids and methodologies have been
employed to enhance the learning experience. In recent years, the rapid advancements in
information and communication technology (ICT) have had a profound impact on the way
knowledge is imparted [80]. These technological innovations have paved the way for the
implementation of TEL systems, which aim to optimize the teaching and learning process.
In their research, Yang et al. [81] showed that TEL systems are one of the key systems
for transferring knowledge from professor to student. By leveraging the potential of ICT,
educational institutions can embrace TEL approaches that contribute to the improvement
of socio-economic growth and overall societal development.

The special application of TEL technology is reflected in the possibility of providing
faster and sustained access to higher quality education, where online training is the most
effective way of providing sustainable higher education [82]. In this way, future teachers
can be prepared to prepare for lifelong learning for sustainable education [30] and use TEL
technology. In addition, TEL technology can also be used by professors at universities
in order to transfer their knowledge to students. In this way, the evolution of higher
education is carried out, which integrates TEL and sustainability in education and enables
the connection of higher education institutions with society [83]. In this way, it was
important to determine what the key factors are in TEL systems at the College of Tourism,
according to the experts.

The College of Tourism’s adoption of TEL serves as a noteworthy example of its
commitment to sustainable educational practices. The case study presented in this research
provides valuable insights into the college’s efforts to incorporate TEL approaches that
align with its goals and objectives. The evaluation framework, developed with the input of
an expert panel comprising individuals with diverse perspectives and expertise, ensures a
comprehensive assessment of the TEL approaches employed by the college. This holistic
evaluation approach considers the expertise and opinions of these specialists to ensure
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the effectiveness, relevance, and long-term sustainability of TEL practices at the College
of Tourism. By combining the insights and knowledge of experts from various fields,
the college can create an educational environment that prepares students to thrive in the
rapidly evolving tourism industry.

The introduction of Z-numbers in the evaluation process introduces a level of un-
certainty in assessing the criteria. This is due to the fact that when making decisions, no
decision can be made with certainty, especially if fuzzy numbers and linguistic values
are used [15]. The experts not only evaluated the importance of specific criteria but also
assesed their level of confidence in their evaluations. This approach contributes to the
decision-making process by considering the uncertainty and ambiguity inherent in decision
making. The experts who were more confident in their judgments had a greater impact on
the decision-making process compared to those who were less certain in their evaluations.
This aspect of the approach enhanced the evaluation of the TEL criteria.

By employing the Z-number-based approach, the evaluation process incorporated the
notion of uncertainty in the assessment of criteria. In addition to evaluating the importance
of specific criteria, the experts were also encouraged to reflect on their level of confidence
in their evaluations. This approach brings an additional layer of security and reliability to
the decision-making process, as it considers and incorporates the inherent uncertainties
and ambiguities that accompany decision-making. The experts who had a higher level of
confidence in their judgments played a more influential role in the decision-making process
compared to those who exhibited lower levels of confidence. This aspect of the evaluation
approach enhances the overall robustness and validity of the TEL criteria evaluation.
It ensures that the criteria deemed most significant by experts were given appropriate
weightage reflecting the experts’ confidence and understanding of the importance of those
criteria.

By employing this expert-based decision-making approach, the results reveal that the
experts considered the criteria C4—Organizations Management Readiness and C2—Cloud
M-Learning Essentials as the most significant. These two criteria received the highest
weights in the evaluation of the main criteria. This is because cloud technologies [84] are
increasingly being applied in the education sector, facilitating the connection between
teachers and students in an online environment. Additionally, organizations management
readiness plays a significant role in the implementation of online learning [11]. Due to these
weights, their respective sub-criteria achieved the best results among all other sub-criteria.
Consequently, sub-criterion C44—Commitment toward M-learning) obtained the highest
weight, followed by criteria related to the main criterion Cloud M-Learning Essentials.

The findings of this study significantly contribute to the development of a robust and
scientifically rigorous evaluation framework for sustainable TEL at the College of Tourism.
By utilizing Z-LMAW, decision-makers and stakeholders can make informed decisions
based on a comprehensive evaluation that accounts for inherent uncertainty and provides
a quantitative measure of importance. This evaluation framework enhances the reliability
and validity of the decision-making process, ensuring the selection of sustainable TEL
strategies that align with the college’s goals and requirements.

However, it is important to acknowledge certain limitations in this research. Firstly, the
evaluation framework relies heavily on expert opinions, which may introduce subjective
biases. To mitigate this, future studies could consider incorporating diverse perspectives
from a larger pool of experts or exploring alternative approaches such as crowdsourcing.
Secondly, the framework primarily focuses on the identified main criteria and sub-criteria,
but other factors may also influence the sustainability of TEL approaches. Future research
could investigate additional dimensions, such as pedagogical effectiveness, user satisfaction,
and cost-effectiveness, to provide a more comprehensive evaluation. Furthermore, future
directions for research in this field could involve validating the evaluation framework
through empirical studies and case studies in real-world TEL implementations. This would
provide practical insights into the effectiveness and applicability of the framework in
different educational contexts. Additionally, continuous refinement and improvement
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of the framework are necessary to adapt to the evolving landscape of technology and
education.

7. Conclusions

Advancements in information and communication technology (ICT) and mobile tech-
nologies have facilitated the implementation of TEL in educational systems. This research
presents an expert-opinion-based evaluation framework for assessing the sustainability
of TEL approaches. To achieve this, an expert panel comprising individuals with diverse
perspectives and expertise was assembled. The panel included a technology expert, an ed-
ucation specialist, a business manager, a tourism industry professional, and an educational
researcher. These experts were assigned the task of evaluating the TEL approach criteria
using linguistic values. The framework utilizes Z-LMAW to provide a comprehensive
evaluation of TEL systems. Four main criteria, namely cloud services compliance, cloud
M-Learning essentials, system and technological advancement, and organizations man-
agement readiness, along with 17 sub-criteria, form the basis of the evaluation framework.
Among the main criteria, only the “Cloud M-Learning Essentials” criterion consisted of five
sub-criteria, while the remaining main criteria comprised four sub-criteria each. During the
evaluation of the criteria, the experts were also required to assess the level of confidence in
their judgments.

By drawing on the expertise of subject matter specialists, the evaluation framework
incorporates Z-numbers to account for the inherent uncertainty and imprecision in expert
judgments. This approach enhances the scientific rigor and robustness of the evaluation
process. The fuzzy LMAW method was applied to calculate the overall scores for each
criterion and sub-criterion, enabling a quantitative measure of their importance in the
evaluation process. The aim of this paper was to determine the key factors for the success
of TEL systems. The research was conducted to determine the importance of TEL system
factors, and in-depth interviews with experts were not conducted. This represents a limit
of this research, so in future research it would be necessary to conduct in-depth interviews
with experts in order to obtain some key data that would additionally affect the efficiency
of TEL systems.

The findings derived from this approach revealed that the main criteria C4—Organizations
management readiness and C2—Cloud M-learning essentials were considered the most
significant by the experts. Consequently, these weights influenced the sub-criteria within
these main criteria, attributing them to the highest importance in the implementation
of the TEL approach in the case of the College of Tourism. By utilizing the Z-LMAW
method, this research contributes to enhancing the decision-making process by accounting
for uncertainty levels, a critical factor in determining the most significant criterion for the
TEL approach.

The findings of this study contribute to the development of a scientifically rigorous
evaluation framework for sustainable TEL. Thanks to the evaluations of the experts, im-
portant information was obtained about the factors that influence the application of TEL
at the College of Tourism. Based on these results, it is possible to train employees to use
other options within TEL systems and to achieve better effects from using TEL systems in
teaching environments. By incorporating expert opinions and employing the Z-LMAW
approach, decision-makers and stakeholders can objectively assess the sustainability of
TEL systems. This framework holds promise for informing the design and implementation
of strategies to enhance the quality, compliance, and technological advancements in TEL
environments.
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15. Puška, A.; Božanić, D.K.; Nedeljković, M.; Janošević, M. Green Supplier Selection in an Uncertain Environment in Agriculture
Using a Hybrid MCDM Model: Z-Numbers–Fuzzy LMAW–Fuzzy CRADIS Model. Axioms 2022, 11, 427. [CrossRef]

16. United Nations. Transforming Our World: The 2030 Agenda for Sustainable Development (A/RES/70/1); UN General Assembly: New
York, NY, USA, 2015. Available online: https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20
for%20Sustainable%20Development%20web.pdf (accessed on 29 May 2023).

17. Agarwal, A.; Sharma, S.; Kumar, V.; Kaur, M. Effect of E-learning on public health and environment during COVID-19 lockdown.
Big Data Min. Anal. 2021, 4, 104–115. [CrossRef]

18. Putri, D.Y.; Jayatri, F. Utilization E-learning as an effort to support Eco-friendly learning. IOP Conf. Ser. 2020, 485, 012118.
[CrossRef]

19. Salau, O.P.; Ogueyungbo, O.; Adeniji, A.; Adesina, E. Exploring Sustainable E-Learning Platforms for Improved Universities’
Faculty Engagement in the New World of Work. Sustainability 2022, 14, 3850. [CrossRef]

20. Johra, H.; Petrova, E.; Rohde, L.; Pomianowski, M.Z. Digital Twins of Building Physics Experimental Laboratory Setups for
Effective E-learning. J. Phys. 2021, 2069, 012190. [CrossRef]
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22. Brozović, M. Sustainability and Ethics in E-Learning–Case of Selected European Countries. In Proceedings of the 13th FEB Zagreb
International Odyssey Conference on Economics and Business, Dubrovnik, Croatia, 1–4 June 2022; pp. 439–461.

23. Castro, M.P.; Zermeño, M.G.G. Challenge Based Learning: Innovative Pedagogy for Sustainability through e-Learning in Higher
Education. Sustainability 2020, 12, 4063. [CrossRef]

https://doi.org/10.3390/agriculture11100984
https://doi.org/10.1016/S0140-6736(21)01824-9
https://www.ncbi.nlm.nih.gov/pubmed/34706260
https://doi.org/10.1016/j.jclepro.2022.131911
https://doi.org/10.3390/su13094982
https://doi.org/10.3390/su13052901
https://doi.org/10.31181/v120232
https://doi.org/10.1016/j.ijme.2019.100322
https://doi.org/10.1007/s10734-020-00652-w
https://doi.org/10.1108/IJSHE-02-2019-0103
https://doi.org/10.3390/su15021017
https://doi.org/10.1007/978-3-031-21385-4_31
https://doi.org/10.4108/eai.31-3-2021.169173
https://doi.org/10.1016/j.ins.2022.04.040
https://doi.org/10.3390/axioms11090427
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://doi.org/10.26599/BDMA.2020.9020014
https://doi.org/10.1088/1755-1315/485/1/012118
https://doi.org/10.3390/su14073850
https://doi.org/10.1088/1742-6596/2069/1/012190
https://doi.org/10.3390/su13126713
https://doi.org/10.3390/su12104063


Sustainability 2023, 15, 12253 16 of 18

24. Maani, D.A.; Shanti, Z. Technology-Enhanced Learning in Light of Bloom’s Taxonomy: A Student-Experience Study of the
History of Architecture Course. Sustainability 2023, 15, 2624. [CrossRef]

25. Yondler, Y.; Blau, I. What is the degree of teacher centrality in optimal teaching of digital literacy in a technology-enhanced
environment? Typology of teacher prototypes. J. Res. Technol. Education 2021, 55, 230–251. [CrossRef]

26. Curran, V.; Gustafson, D.L.; Simmons, K.P.; Lannon, H.; Wang, C.; Garmsiri, M.; Fleet, L.; Wetsch, L.R. Adult learners’ perceptions
of self-directed learning and digital technology usage in continuing professional education: An update for the digital age. J. Adult
Contin. Educ. 2019, 25, 74–93. [CrossRef]

27. Maphalala, M.C.; Mkhasibe, R.G.; Mncube, D.W. Online Learning as a Catalyst for Self-directed Learning in Universities during
the COVID-19 Pandemic. Res. Soc. Sci. Technol. 2021, 6, 233–248. [CrossRef]

28. Morris, T.; Rohs, M. Digitization bolstering self-directed learning for information literate adults–A systematic review. Comput.
Educ. Open 2021, 2, 100048. [CrossRef]

29. Hwang, G.; Tu, Y. Roles and Research Trends of Artificial Intelligence in Mathematics Education: A Bibliometric Mapping
Analysis and Systematic Review. Mathematics 2021, 9, 584. [CrossRef]

30. Lee, H.J.; Hwang, Y. Technology-Enhanced Education through VR-Making and Metaverse-Linking to Foster Teacher Readiness
and Sustainable Learning. Sustainability 2022, 14, 4786. [CrossRef]

31. Qushem, U.B.; Christopoulos, A.; Oyelere, S.S.; Ogata, H.; Laakso, M. Multimodal Technologies in Precision Education: Providing
New Opportunities or Adding More Challenges? Educ. Sci. 2021, 11, 338. [CrossRef]

32. Abdulloev, I.; Epstein, G.S.; Gang, I.N. A downside to the brain gain story. Econ. Innov. Econ. Res. J. 2020, 8, 9–20. [CrossRef]
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