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Abstract:

Introduction/purpose: Higher educational service quality (HSQ) is one of the
prominent areas redefined in 14, imposing many challenges on higher
educational institutions (HEIs). In this context, the present work aims to fulfill
two objectives: a) to develop a novel risk assessment framework for failure
mode and effect analysis (FMEA) using the intuitionistic fuzzy set (IFS) and
b) to assess potential risk factors or failures faced by HEIs in delivering
superior HSQ in Industry 4.0 (14).

Methods: The present work uses a multi-criteria decision-making (MCDM)
model, such as comparisons between ranked criteria (COBRAC), with IFS-
based Dombi aggregation for group decision making to develop a novel
extension of the FMEA framework. The present work proposes an
innovative approach by incorporating an additional dimension in the
classical FMEA model such as intractability. The failure modes (FMs) are
identified from the viewpoint of the HSQ afttributes. Subsequently, the
present work examines the validity of the outcome by comparing several
MCDM models and sensitivity analysis.

Results: Based on the opinions of 23 experts, the current work reveals the
dominance of risk factors such as ethical concerns (FM-9), infrastructural
constraints (FM-2), and shortage of funds (FM-6).

Conclusion: The paper highlights the need to build a holistic ecosystem with
available resources. The ongoing study provides several novelties, such as
an extension of FMEA with an additional dimension and IFS-Dombi
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aggregation, using the COBRAC model for FMEA, and an innovative
approach to risk assessment for HSQ, which are helpful for decision makers
and researchers.

Key words: service quality, higher educational institutions, FMEA,
intuitionistic fuzzy set, COBRAC, Dombi aggregation.

Introduction

The higher education system (HES) is pivotal in ensuring economic
growth, fostering sustainable development, developing and nurturing
talents for future potential, and building an innovative ecosystem while
integrating society, business, and government. A well-developed and
executed HES promotes innovation and technical progress, sustaining
economic prosperity. It advances social fairness, enabling more seamless
transfers within the job market. Higher education investments favourably
correlate with economic growth, particularly in human capital development
(Chaabouni & Mbarek, 2023). After the beginning of Industry 4.0 in 2011,
the HES and higher educational institutions (HEIs) have witnessed
phenomenal technological growth in Industry 4.0 (14). The recent
pandemic has pronounced the power of digital technologies in higher
education. Digital technologies like smart classrooms, augmented and
virtual reality, the Internet of Things (loT), cloud-based interactivity and
computing, cutting-edge computing tools and techniques, digital twins,
chatbots, and blockchains have redefined HSQ offered by the HES in 14.
The changes are reflected in the curriculum transformation (emphasizing
technical, cognitive, and problem-solving skills, entrepreneurial mindset
and adaptive thinking for career development, and ethical concerns),
innovative teaching-learning environment (using flipped classrooms,
AR/VR-based interactions, use of avatars and simulations, emphasis on
experiential learning, personalized and blended learning and content
delivery), student engagement, stakeholder connect, administrative
process, and collaborative research and partnerships (Jamaludin et al,
2020; Moraes et al, 2023; Dempere et al, 2023; Alenezi, 2023; Biswas et
al, 2023; Wang et al, 2023).

While technological progress has offered several opportunities for
HEIs, the HES has also been exposed to many unprecedented challenges
or potential risk factors. The risks stem from the factors such as digital
inclusion,  accessibilty and implementation of technological
advancements, competency building for faculty members and students,
and re-alignment of the existing HES and teaching-learning processes in
the realm of technological progress while maintaining diversity and ethics
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to satisfy the needs of stakeholders (Majid et al, 2022). The digital
revolution of higher education encounters obstacles in equipping
educators with essential digital competencies for effective teaching.
Assessing digital competencies is essential for successful digital learning
programs, and inadequate training may impede these advantages
(Akhmetshin et al, 2020; Chaabouni & Mbarek, 2023). Given the
opportunities and challenges posited by technological advancements for
HEls, the present age invokes adaptability to the evolving demands of
students and other stakeholders, including corporate bodies, efficient
technology utilization, and prioritization of quality and accessibility (Liu &
Shi, 2023; Abulibdeh et al, 2024). Digital transformation in higher
education emphasizes tailored learning environments, improving
engagement and motivation, and aligning with the connectivism theory to
ensure sustainability and academic achievement and address different
student requirements (Shenkoya & Kim, 2023; Leow et al, 2023). HEIs
must bring about a cultural shift within and around the HES to overcome
the challenges and risk factors for developing a conducive and adaptable
innovative ecosystem to ride on technological growth (Alenezi & Akour,
2023). The myriad of contributions toward unlocking the potential and
challenges for HEls in 14 necessitates the development of a
comprehensive risk assessment framework for evaluating possible failure
modes or risk factors. The existing literature does not reveal plentiful
contributions using a multidimensional risk assessment framework for
unearthing criticalities of the risk factors. The aforesaid gap in the literature
motivates us to be committed to this work.

The current work utilizes a widely used risk assessment framework
such as failure mode and effects analysis (FMEA). The classical FMEA
framework embodies priority scores of the risk factors based on three
dimensions such as severity (S) (signifying the extent to which the
concerned risk factor is affecting the system), occurrence (O) (indicating
the likelihood of occurrence of the corresponding risk factor), and
detectability (D) (reflects the extent to which the system can identify the
corresponding risk factor). The overall priority of the risk factor is
determined by a risk priority number (RPN) (RPN = S x 0 x D) (Bowles &
Pelaez, 1995).

FMEA has been widely applied by scholars in various risk assessment
problems, see, e.g., (Peddi et al, 2023; Sun et al, 2023; Resende et al,
2024). The existing literature shows several applications of FMEA in higher
education, see, e.g., (Lin & Lo, 2024; Nasrallah et al, 2023). Nevertheless,
FMEA has enormous potential for applications in higher education to
evaluate risk priority in various processes, including HSQ (Zulfigar et al,
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2024). Some contributions used FMEA vis-a-vis HSQ (Anastasiadou &
Zirinoglou, 2020). However, the applications of FMEA for figuring out
service quality risks for higher education in 14 are limited, almost rare. This
has motivated us to utilize FMEA to evaluate the priorities of the failure
modes (FM) of HSQ. Further, we learn some limitations of the classical
FMEA model from scholars (Salah et al, 2023; Liu et al, 2024; Sumrit &
Keeratibhubordee, 2025). The classical FMEA model suffers from
limitations such as the following ones: a) Conventional FMEA model
cannot capture the impreciseness of information and subjective bias; b) In
the conventional FMEA model, there is no prioritization of individual
dimensions. Further, there is no room for assigning relative importance to
the risk factors from the perspective of the context of the problem. As a
result, on many occasions, there may be multiple FMs having the same
RPN value; c) There are no options to assign weights to decision makers
(based on their expertise or experience, etc.) in traditional FMEA; and d)
The calculation of the RPN is relatively simple, which often dilutes the
outcome.

Given these limitations, numerous contributions have modified
classical FMEA using uncertainty-based modelling (Yu et al, 2023; Sun et
al, 2023). This paper uses |IFS-based analysis to capture uncertainty and
subjective bias for carrying out FMEA. Some studies incorporated
additional dimensions in the conventional FMEA model. For instance,
Salah et al. (2023) used an additional criterion, such as the dependency
of the risk factors on each other. Besides dependency, the aforesaid work
also applied the Pareto principle to classify the risk factors. The work of
Sumrit & Keeratibhubordee (2025) proposes three additional dimensions:
cost of FM, complexity of resolution, and impact on business. However,
none of the previous extensions of FMEA have precisely considered a
crucial aspect called the manageability of risk. It is important to determine
the mitigation plan for managing the risks effectively. Given volatility,
uncertainty, complexity, and ambiguity (VUCA) prevailing over the external
environment, the identified risks' manageability helps decision makers
prepare contingency and preventive action plans. The proposed FMEA
approach of this study is thus an action plan driven approach with wide
practical applications. In this work, we fill the stated gap in the literature by
providing an innovative approach of carrying out FMEA. Hence, the current
study sets the following research objectives:

- RO 1. To develop a multi-perspective framework for evaluating the

priorities of the risk factors or failure modes of higher education
service quality in Industry 4.0.
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- RO2. To modify the conventional FMEA framework and extend it

using subjective information under uncertainty.

To widen the applicability of classical fuzzy sets (CFSs) (Zadeh,
1965), the concept of IFSs was proposed to capture the vagueness
through two types of membership functions such as the membership (u)
and the non-membership (), subject to their interrelationship determined
by the inequality p + 9 <1 (Atanassov, 1986). Table 1 provides a summary
of some of the advancements of CFSs. Table 1 shows that the IFS
provides more pragmatic analysis under uncertainty than the CFS, yet it is

simple to apply and conceptualize.

Table 1 — Evolution of fuzzy sets and its advancements

Type of Concept Remarks Reference
Fuzzy Sets
CFSs Consider only Limited but straightforward to Zadeh
e [0, 1] consider the imprecision (1965)
Type 2 Fuzziness of the Can handle a higher level of Zadeh
Fuzzy Sets | membership degree uncertainty, but complex in (1975a)
calculation, and consider a
single membership
Interval- Membership degree is A better representation than Zadeh
Valued expressed in terms of CFSs but limited to a single (1975b)
Fuzzy Sets | the interval membership interval
IFSs Consider both Simple to understand and a Atanassov
1,3 €[0,1] such that better representation of (1986)
imprecision. However, they
M+ g<1 are constrained by the cases
where 1 +9>1
Hesitant Existence of multiple Able to deal with Torra
Fuzzy Sets | membership degrees indeterminacy but (2010)
computationally complex for
large datasets
Spherical Consider the neutral A generalization of PyFS with Glindogdu
Fuzzy Sets | membership degree the degree of neutrality. They &
such that are limited to spherical Kahraman
qu +7]2 +92 <1 constraint and complex (2019)
P, 9- Consider both Further generalization of Seikh &
Quasirung 1,9 €[0,1] such that qROFSs but suffer from Mandal
Orthopair complexity in parameter (2022)
Fuzzy Sets | u’ +93? <1;p,q>1 | selection
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The remainder of this manuscript is organized in the following
manner. The subsequent section (Section 2) revisits recent studies
published in related fields. Section 3 exhibits the preliminary concepts of
the IFS. Section 4 outlines the steps of the research methodology. Section
5 records significant findings. Section 6 discusses the findings and outlines
research implications. In the end, Section 7 provides the concluding
remarks and highlights future scopes.

Underpinning of related work

This section revisits the existing literature to provide a theoretical
foundation for the current study.

Theoretical underpinning: Service quality models

The SERVQUAL model defines service quality (SQ) as a measure to
close the gap between expected and experienced service levels. The
classical SERVQUAL framework has five underlying dimensions:
reliability, tangibles, responsiveness, assurance, and empathy. HEIs have
adopted the SERVQUAL model to define HSQ. According to the
SERVQUAL model used in the HES, HSQ is measured by the
effectiveness in teaching and learning, faculty and student quality, and
facilitating conditions to support students. Many HEIs have used the
SERVQUAL model to define measurable performance attributes while
upholding the reliability and trust of service delivery, ultimately leading to
stakeholder satisfaction and organizational excellence (Oliso et al, 2024;
Fuchs & Fangpong, 2021; Abbas, 2020). For the enduring performance
and competitiveness of HEIs to achieve sustainable growth, the nexus
between service quality, satisfaction, and loyalty is essential (Nguyen et
al, 2024).

Nevertheless, several scholars highlighted the pressing need to
revise the conventional SERVQUAL model while being adopted in the
HES. Researchers devised an alternative framework, such as the
HEJPERF (Higher Education PERFormance) model (Abdullah, 2005).
This model evaluates service quality in higher education through five
dimensions: academic and non-academic components, reputation,
access, and program-related difficulties. It assesses instructional quality,
extracurricular attributes, prestige, accessibility, and course pertinence to
ensure an exceptional educational experience (Feifei et al, 2022).

The SQM-HEI approach, created by Indian academics, emphasizes
the assessment of service quality in higher education, incorporating
instructional methods, environmental modifications, and disciplinary
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measures to improve educational quality in the nation (Khan et al, 2022;
Subandi & Hamid, 2021). Research indicates a favorable correlation
between transformative service quality and satisfaction in higher
education. The technical dimension of service quality, incredibly
transformational service quality, profoundly influences student
satisfaction. Students' mental goodness shapes their emotional response
toward their university, and they anticipate equitable treatment. Functional
service quality significantly influences the perceived value more than the
technical component (Teeroovengadum et al, 2019).

The theoretical contributions reveal that HSQ depends on several

attributes. Some of the crucial attributes are outlined below.

- The evolving and contemporary curriculum is a pivotal attribute in
enhancing HSQ. It is the cornerstone for skill development,
enhancing students' employability, promoting analytical reasoning,
innovative concepts, efficient decision making, and adaptability to
evolving educational requirements.

- Knowledge discovery and dissemination play crucial roles in HSQ.
They indicate the development of requisite competencies and
skills, fostering research, innovation, curriculum development, and
stakeholder engagement.

- Innovative teaching-learning environment: This is required to foster
experiential learning, linking theoretical knowledge to practical
application, and equipping students for employment.

- Physical and technological infrastructure: This attribute entails the
resources supporting interdisciplinary programs, experiential
learning, and entrepreneurial programs, innovative teaching and
learning through flipped classrooms, online platforms, innovative
delivery, and simulations to provide students with a
comprehensive, personalized and immersive learning experience
while enhancing student satisfaction and upholding institutional
prestige.

- Support services: Refer to the availability of responsive,
empathetic, and accessible administrative and academic support
to cater to the needs of diverse student categories while offering
necessary guidance and counseling.

- Organizational culture is about shared values and ethics and
promoting community impact. An open culture, led by good
governance, promotes student development, equity, and
adaptability.
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Challenges of HEIs in the digital age

This section summarizes some related past studies discussing
challenges or potential risk factors for HEIs to deliver superior HSQ in 14.
The challenges are discussed in various contexts, and scholars have
adopted different methodologies, as recorded in Table 2.

E VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 3

Table 2 — Summary of some research contributions discussing challenges for HEIs

Author(s) Context The | Key challenges Methodology
ory
Benavides | Digital NA | Curriculum upgradation Qualitative: a
et al, 2020 | technology and flexibility, lack of review of the
applications in innovation, knowledge literature
higher education and competencies,
organizational change
Bonfield et | Application of 14 NA | Shortage of skills, Qualitative —
al, 2020 technologies in creation of a memorable scenario analysis
HEIls across student experience, and case studies
different security and privacy,
countries innovative teaching
methods
Mahyoob, | Challenges Inefficiency in technology | Descriptive
2020 faced by learners g‘ use, language issues analysis of the
attending e- @ responses
. e .
learning = received from 148
programs in the =z students
context of B
COVID-19 <
Fahim et Enrolment in NA Poor employability, lack Subjective
al, 2021 MBA programs of entrepreneurial information-based
offered by HEls programs, cost, long grey incidence
payback period, poor ROI | analysis
Zaléniené | Sustainability in NA | Sustainability-focused Qualitative-
& Pereira, | higher education curriculum development discussions and
2021 and organizational perspectives
culture, community
connect
Wang et HEls in 14 NA Upgradation and Subjective and
al, 2023 development of objective
contemporary curriculum, | information-based
integration of digital application of the
technologies, adoption of | g Rung Orthopair
advanced computing fuzzy MEREC-
such as cloud computing | SWARA-CoCoSo
framework
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Author(s) Context The | Key challenges Methodology
ory
Rasul et Use of Con | Maintenance of ethics Qualitative: a
al, 2023 generative Al stru | and equity, academic review of the
(ChatGPT) in ctivi | integrity, information literature and
higher education | st distortion, lack of skills, conceptual
theo | evaluation of learning framework
ry of | outcome
lear
ning
Chan & Students’ NA | Ethics and privacy Mixed method:
Hu, 2023 perception of the issues, lack of empirical analysis
use of generative competencies, diluted of 339 responses
Al in higher human values, improper | from Hong Kong
education policy using descriptive
and thematic
analysis
Abulibdeh | Digital NA | Shortage of IT and Qualitative: a
et al, 2024 | technologies for analytical skills, review of the
sustainable curriculum update, literature
development shortage of infrastructure,
and industry connect
Li, 2024 Role of higher NA | Skill development Qualitative: a
education in review of the
developing literature and
workforce for conceptual
manufacturing framework
This paper | HSQ of Indian Mix | Ethical concerns, Modified FMEA
HEls in 14 ed infrastructural framework with
theo | constraints, shortage of the IFS-Dombi
ry funds aggregation-
based COBRAC
method

Failure Modes and Effect Analysis framework for risk
assessment

The FMEA framework is a widely used model for evaluating risk
factors. Its applications are found in various domains such as engineering,
technology, basic science, social science, and management. Scholars
have modified and extended the FMEA model using uncertainty measures,
MCDM models, and machine learning methods. Table 3 provides a

summary of some of the recent contributions.
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Table 3 — Summary of research contributions applying FMEA

Author(s) Application Dimen | Information Approach
area sions type
Sun et al, 2023 Lead-acid S, O, D | Subjective FMEA using regret
battery theory and ORESTE
manufacturing
process
Ervural & Ayaz, Manufacturing | S, O, D | Objective FMEA using
2023 modified CRITIC
and Alternative by
Alternative
Comparison (ABAC)
Park et al, 2023 | Cybersecurity S, O, D | Subjective FMEA using a rule-
based Bayesian
network (RBN)
Ceylan et al, Maritime S, O, D | Objective and Classical FMEA
2023 logistics subjective
Liu et al, 2023a Aircraft power S, O, D | Subjective FMEA using the
system unbalanced hesitant
fuzzy linguistic term
sets and experts’
weighting
Peddi et al, Food waste S, O, D | Subjective Dynamic prediction
2023 management of RPN values using
in the supply deep neural network
chain (machine learning)
based FMEA
Liu et al, 2023b Social network | S, O, D | Subjective Probabilistic double
analysis hierarchy linguistic
term sets and
WASPAS method
and weight
determination
Yu et al, 2023 Maritime S, O, D | Subjective Interval-valued
logistics intuitionistic fuzzy
(submarine rough number and
pipeline modified TODIM and
failures) PROMETHEE-II
methods
Xue et al, 2024 Identification of | S, O, D | Subjective FMEA using interval-

barriers to
electric
vehicles

valued intuitionistic
fuzzy sets, grey
relational analysis,
and expert weighting
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Author(s) Application Dimen | Information Approach
area sions type
Sumrit & Sustainable S, O, D | Objective and FMEA with MCDM
Keeratibhuborde | supply chain + cost, | subjective models such as
e, 2025 management comple LOPCOW, AHP, and
xity, ARAS
and
impact
on
busine
S
Nasrallah et al, Safety risk S, O, D | Objective Classical FMEA
2023 measures in
laboratories
This paper Higher S, O, D | Subjective FMEA with
education + intuitionistic fuzzy
service quality | Intract sets and the Dombi
in 14 ability aggregation-based
(new COBRAC method
dimen and experts’
sion) weighting

MCDM methods for criteria weighting

The field of MCDM methods for determining criteria weights using
subjective opinions has been rapidly expanded over the last few decades.
The Analytic Hierarchy Process (AHP) method is one of the widely used
approaches. However, AHP suffers from more pairwise comparisons and
demonstrates inconsistencies in decision making while considering more
criteria and respondents. Scholars (KerSuliene et al, 2010) gradually
developed a SWARA method that requires only (n-1) pairwise
comparisons. However, this method requires sorting the criteria at the
beginning and considerably depends on the values assigned to the criteria.
Rezaei (2015) introduced BWM to solve the issue of cognitive burden.
BWM sets the references at the beginning by identifying the best and worst
criteria. BWM requires much fewer pairwise comparisons (2n-3) than AHP,
can deal with an extensive criteria set, and provides a consistency
checking. Pamucar et al. (2019) developed the FUCOM method to reduce
pairwise comparisons while checking for consistency. FUCOM requires
only (n-1) number of global pairwise comparisons.

Related work on the applications of Dombi aggregation

Several researchers have applied Dombi aggregation to MCDM-
related problems using imprecise information. Seikh and Chatterjee (2024)
developed a confidence level based IFS Dombi aggregation for e-learning
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website selection. Zhang & Ye (2024) introduced single-valued
neutrosophic fuzzy trigonometric Dombi aggregation operators for vaccine
selection. Ali & Yang (2024) defined circular qROFS based Dombi
aggregation operators for MCDM applications. Liu et al. (2024) devised
complex Pythagorean fuzzy Dombi aggregation for green supply chain
management applications. Recently, Khan et al. (2025) applied
intuitionistic fuzzy rough set and Dombi aggregation to solar cell selection
problem.

Research gaps and motivations of the present study

The following research gaps, revealed from Table 1, can be noticed.
First, studies using theoretical lenses are not plentiful. Second, except for
a few studies, most past contributions used conceptual and review papers
to address the application and challenges of digital technologies in higher
education. Third, there is a lack of focus on HSQ in 14.

It can be noticed (Table 2) that most contributions are made in
manufacturing, logistics, supply chain management, and engineering
problems. However, FMEA has also been used in several problems
concerning the HES. It is evident that FMEA has not been applied
extensively concerning HSQ in 4. Several studies have used subjective
information-based analysis, many of which have used MCDM models. A
few studies have put forth extended FMEA models, but none have
considered manageability.

Some studies incorporated additional dimensions in the conventional
FMEA model. For instance, Salah et al. (2023) used an additional criterion
such as the dependency of risk factors on each other. Besides
dependency, the aforesaid work also applied the Pareto principle to
classify risk factors. The work of Sumrit and Keeratibhubordee (2025)
proposes three additional dimensions: cost of FM, complexity of resolution,
and impact on business. However, none of these extensions have
precisely considered a crucial aspect called the manageability of risk,
which is very important to know for mitigation.

Scholars have felt the importance of Dombi aggregation in solving
complex real-life problems with MCDM applications. However, we could
not trace any application of Dombi aggregation with FMEA to discover the
key risk factors of HSQ. The application of Dombi aggregation in higher
education is scant. Because of its usefulness, Dombi aggregation
effectively decides the key risk factors. Furthermore, the use of IFSs
reduces the computational complexity.
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Contributions of the present study

In summary, the present work offers several contributions to the

growing strand of literature, as outlined below.

1) The present work is the first contribution that provides a novel
modification of the existing FMEA framework with an additional
dimension known as Intractability (I).

2) A novel IFS and Dombi aggregation-based modified FMEA is
proposed that uses the robust algorithm of COBRAC to determine
the relative importance of FMs from the perspective of higher
education and compute the scores of the FMs under each
dimension of FMEA. COBRAC has an inherent advantage in
examining deviations from consistency. Further, the COBRAC
method uses fewer local pairwise comparisons, reducing
computational complexity. Thus, the COBRAC method provides a
more reliable approach to determining the risk appraisal score
(RAS). Further, IFS and Dombi aggregation helps capture the
respondents' impreciseness and subjective bias simply and
flexibly.

3) The use of Dombi aggregation provides several advantages
(Dombi, 1982; Xu & Yager, 2006): a) it provides a flexible
aggregation by tuning the parameter (B) to capture optimism,
neutrality, and pessimism; b) it helps to aggregate the effect values
when criteria are not additive in nature, rather following a nonlinear
relationship; c¢) depending on the parameter values, Dombi
aggregation stands as a generalization of the simple arithmetic,
geometric or harmonic means; d) it provides a better discrimination
of the alternatives or criteria when the performance or effect values
are subtle, i.e., very close to each other; and e) it also enables the
examination of the sensitivity of the outcome concerning the
variations in the external conditions. In this problem, we decide the
RAS depending on the aggregated result of four risk dimensions.
The experts who rated the risk factors have different risk
perceptions - aggressive, conservative, and neutral. Hence, a small
imprecision in the subjective opinion-based prioritization of the risk
factors may result in an amplified error in the RAS. Therefore, the
IFS with Dombi aggregation provides a reliable risk assessment
framework for complex real-life problems.

4) An innovative approach using the conceptual approach of a simple
additive weighting (SAW) method to determine the RAS using the
relative importance of FMs and their positions based on FMEA
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dimensions such as S, O, D, and I. In effect, a scientific basis is
provided to arrive at the RAS other than a simple multiplication of
the dimensions of FMEA.

5) It is also evident that the application of FMEA in HSQ literature is
minimal, almost negligible. Hence, the present paper demonstrates
an efficient approach to determining the RAS of various risk factors
of HSQ in 14.

6) Four-dimensional modified FMEA with IFS and Dombi aggregation
is apparently the first application for assessing the RAS of the FMs
to ensure HSQ in 14. The existing literature shows past
contributions related to various barriers or challenges to the HEIs'
adoption of digital technologies in 4. However, there is a
scantiness of contributions weighing the risk factors based on their
likelihood of happening, consequence, detectability, and
manageability. This paper fulfills the gap in the literature on HSQ
concerning the effect of advanced digital technologies.

7) It demonstrates the sensitivity analysis and reliability assessment
of the FMEA framework with an additional dimension and IFS-
based appraisal.

Preliminary concepts

The present module discusses some preliminary definitions and rules
for operating with IFSs. Past studies (Atanassov, 1986; Hong & Choi,2000;
Xu & Yager, 2006; Xu, 2007) have given the basic definitions and
operations below.

Definition 1.

Let ©2 be the universe of discourse containing the IFS, defined as
Y ={(3, 4(»), ()| y €}

where H(»), 8(3) are defining the degree of membership and non-
membership of the elements Y such that

0<u(»)+3(»y)L1l  forall ye Q—]0,1]

The degree of indeterminacy is derived from the definition of the IFS
as

C)=1-u(y)-90») (1)
In line with the definition of the IFS, an intuitionistic fuzzy number (IFN)

can be expressed as y=(u,9) such that # € (0,18 e[0,1]; p+ 8= 1.
Definition 2.
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Let =81 :('u"‘gl)and 72 = (#,5,) be three IFNs. Here are
the following definitions for operations on IFNs.

7 ®72 = (,u1 + 4, _/“11/'12»‘91‘92)

7 ®y, = (9 +9,-99,)

ay=(1-(1-wp)"*,9*);a >0 is any scalar quantity

yi=w1=-(1=-9")a>0

7 =09 1)

Definition 3.

The following definition is used to determine the score value of an
IFN.

§ =Score(y) = u-8 p e[-11] (2)
The accuracy value of an IFN is obtained as

R =accuracy(y)=(u+39); & €[0,1]
The following comparison rules are used to compare two IFNs.
if #1782 then /1 =7 otherwise
if 1 <2 then 71 <72 else
If 1= P2then if A, <7bthen e

Proceeding further, the scholars (Deb et al, 2022, 2023) came up with
a new definition of the score function below.

3)

« 1

' ==(1+n-9)
2 (4)
Definition 4.
Dombi aggregation
The Dombi t-norm and t-conorm (Dombi, 1982) for any two real

> .
numbers Rland R, with the parameter value B=1 (RI’RZ)E[O’I]X[O’I]
can be expressed as

1
Tnorm (Rl b RZ) =

1

5T (58}
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TCU—VIOVWI

Given a series of IFNs

1

(R, R,) =1~

p
1+ R +
1-R

7, =(1,9); (i=1,2..n)

w, (W, >0; 2w, =1)
i=1 , the intuitionistic fuzzy Dombi weighted geometric
aggregation (IFDWGA) is defined by scholars (Seikh & Mandal, 2021) as

IFDWGA(y1,725y39“"7/n) = 9(7/!)%

n l9
1+ : i
;W’(l—s.

1

1
]ﬁﬂ

Materials and methods

In this section, the research methodology is briefly outlined.

Description of the failure modes

(6)

having weights

(7)

The present study identifies nine FMs, as described below in Table 4.

Table 4 — Failure modes or risk factors for delivering HSQ in 14

S/L Failure mode Description
FM-1 Lack of information It describes the stakeholders' unfamiliarity and lack
about digital of knowledge (students, parents, and staff) about
technologies digital technologies and their usage.
FM -2 | Infrastructural It indicates inadequate digital infrastructure, including
constraints tools, internet connectivity, and resources. It also
includes good administrative support services.
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S/L Failure mode Description

FM-3 Potential skill gap It indicates a lack of expertise among instructors and
students in using advanced digital technologies, a
lack of training programs and development initiatives,
and a lack of connection among industry, R&D,
society, and HElIs. It also entails inadequate
knowledge capital and intellectual outputs.

FM-4 Cultural inertia It describes the cultural barriers and resistance to
adopting new technologies and modes of operation,
such as flipped classrooms, hybrid modes, self-
paced personalized learning, immersive experiential
learning, fear of becoming outdated, and a lack of
room for innovation. It also showcases the absence
of supportive leadership.

FM-5 Difficulty in matching | It entails difficulty offering personalized learning

diverse student experiences to students with diverse socio-

needs demographic backgrounds and ineffective academic
advising, career counseling, and mental health
services. This is a critical issue, especially for
students from rural and less tech-savvy
backgrounds. In effect, student engagement
becomes a challenge.

FM-6 Shortage of funds It indicates the inadequacy of fund support for
adopting advanced technologies, building supportive
infrastructure, providing experiential learning,
connecting with the community, and instilling training
and development programs to bridge the skill gaps.

FM-7 Interoperability risk It is important to compare a new technology system
with the existing one before adopting it. The
advanced technologies of 14 and new systems like
flipped classrooms, experiential learning, and gaming
require seamless integration with the existing
process.

FM-8 Inability to scale up This indicates the limited access of all departments in
HEIs or all regional units to advanced technologies
and processes. Further, implementing a new system
on a massive scale within a short period poses a
significant operational challenge.

FM-9 Ethical concerns This includes security and privacy issues, data

mismanagement, gender disparity, lack of equity,
and regulatory and compliance issues.

Data collection

Twenty-three experts participated in this study's survey. These
experts have substantial experience in higher education management and

recruitment. Their profiles are summarized in Table 5.
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An online questionnaire (using the identified FMs) was prepared and
circulated to the experts. Informal discussions were also held with them
while finalizing the FMs. The rating scales in linguistic terms and their
corresponding IFNs are given in Table 6. Weights were also assigned to
the experts based on their experience. Table 7 gives the linguistic scale to
rate the experts.

Table 5 — Profile of the experts

Role Number Qualification Number
Faculty member 13 Ph.D./ post-doctorate 11
Academic administrator 7 Master degree 11
Industry Practitioners/Entrepreneurs 3 Graduation 1

Total 23 Total 23
Background Number Experience Number
Management/ Social Science 8 More than 25 years 7

Basic Science/ Technology 7 20 to 25 years 8
Arts/Humanities 3 15 to 20 years 4
Commerce 5 10 to 15 years 4

Total 23 Total 23

Table 6 — Linguistic rating scale and the IFNs
(to rate the FMs on the dimensions S, O, D, and 1)

Linguistic scale Code p b

Very High 5 09 0.1
High 4 0.7 0.3
Medium 3 05 05
Low 2 03 0.7
Very Low 1 0.1 0.9

Table 7 — Linguistic rating scale and the IFNs (to rate the experts)

IFN
Linguistic scale Code 0
Very experienced 4 0.85 041
Experienced 3 06 0.35
Medium 2 0.35 0.6
Less experienced 1 0.1 0.85
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Modified FMEA framework with the IFS and Dombi
aggregation

The steps of the modified FMEA framework with the IFS and Dombi
aggregation are below.

Step 1. Figure out the FMs
The FMs are identified based on a literature review and experts'

opinions (Table 4). Suppose fmj denotes the j’h FM.

Step 2. Selection of experts and finding out their weights
Suppose there are i=1,2,...,k experts. Then, the weight of the i
expert is calculated by using Eq. 8 (Tooranloo & sadat Ayatollah, 2016)

Hy
[ﬂk +&, (,Uk 19, ]J

i(ﬂi + é/i (MJJ
i=1 Hi + ‘91 (8)

Step 3. Rating of each FM by the experts based on each of the
dimensions of the modified FMEA model, such as S, O, D and |.
Let

Piis) = ("‘U<S>"9zj(S>)’%<0> = (ﬂmow‘gzj(m ) @iy = (ﬂyw)"gﬁw)) and @y, = (ﬂy'u)"giﬂn
be the ratings (expressed in terms of IFNs corresponding to the linguistic

scale selected for rating) of j”’ FM, given by the i” expert based on the

dimensions of the modified FMEA model, such as S, O, D, and |,
respectively.
Step 4. For each of the dimensions of the modified FMEA (M-FMEA)
model, aggregate expert responses by using Dombi aggregation (Eq. 7).
The aggregated ratings of the FMs for all dimensions of M-FMEA are
given by

Pjcs) :(/‘jm"gj(S))’ (0) :(/‘j<0>"91<0>)’ (D) :(/‘jwv‘g/‘w)) and @, :<ﬂj(1>"gj<1>
respectively. For instance,

th

W, =

)

)
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Pis) = ('”/(S)’ ‘9;(S)) TEDWGA(P, 5y @ js)5+++> Paics))

1
l’
Blp
Jgafe)
i Hijs)
- 1
1- 1
BB
gl )
i=1 1- l91](5)

(9)

k
where o, > 022@ = 1is the weight assigned to the i" expert (see Eq.
i=l1
8) and fis the parameter of Dombi aggregation. In a similar way, all other
aggregations are calculated.
For example,
Pjoy = (%(0)"9/(0))’ (D) (1“;(13)"9](0)) and @; ) = (:“/(wlgxn)

Step 5. Obtain the score values of the aggregated ratings.
The score values are obtained using Eq. 4 for all aggregated ratings.

For example, the score value of ¢, = (,uj(s),&(s)) is obtained as

o =—(+p. o -9
£ j(s) 2( His) = s)) (10)
In a similar way, ¢, and @, are derived.
Step 6. Use the computed score values for ranking, pairwise

comparison, and calculation of FMs' risk scores for each dimension of M-
FMEA separately. For this purpose, the procedural steps of the COBRAC

method (see Section 4.4) are followed. Let ¢, .99, and ¢,

denote the risk scores of j” FM on the dimensions of M-FMEA.

Step 7. Obtain the priority weights of the FNs based on their
importance to HEls.
The experts use the linguistic scales and the corresponding IFNs in

Table 5 to rate the FNs. Let, w, be the priority weight of j’h FM. The priority
weight is obtained by executing the process described in steps 2 to 5.
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Step 8. Find out the weighted risk scores of the FNs for each
dimension of M-FMEA separately. This can be obtained by multiplying the
risk score with the priority weight. For example, the weighted risk score of

7" FM for the dimension S is found as

Vi) =W %X 9is) (11)

In a similar way, the weighted risk scores for all other dimensions of
M-FMEA, i.e., ¥ ),V ;p, and y , ,, are found.

Step 9. Obtain the final risk appraisal scores (RASs) of the FMs.
The simple additive weighting (SAW) method (MacCrimmon, 1968) is

followed to calculate the RAS. Accordingly, the RAS of j” FM is calculated
using Eq. 12, as follows:

@ =Y Vo Vi TV (12)
The higher the RAS, the more significant the corresponding FM.

Conventional COBRAC method

The Comparisons Between Ranked Criteria (COBRAC) method is
developed to derive criteria weights based on localized pairwise
comparison and minimization of deviation from the consistency level.
COBRAC offers several benefits to analysts, providing: a) a lesser number
of local comparisons helping to reduce subjective bias and produce
reliable decision making; b) a large scale for local comparisons to decision
makers; ¢) a built-in mechanism to examine consistency in decision
making; and d) a reliable and consistent calculation for varying the size of
attributes or criteria sets. COBRAC has started garnering attention from
researchers in various applications (Biswas et al, 2024; Demir & Moslem,
2024).

The procedural steps of the conventional COBRAC method are
described below.

Step 1. Ranking of the criteria

Assuming that C;(j €[l,n]) is the most influential or important

criterion as compared with other criteria from the set, the preferential order

is obtained as C,, >C,, >....>C,;, where te[l,m]Indicates the

corresponding rank. This selection can be based on experts’ opinions on
a pre-defined linguistic scale or their performance score values.
Step 2. Pairwise comparison of the criteria
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COBRAC works on the philosophy of local pairwise comparisons.
After a pairwise comparison of the criteria, each pair of criteria is assigned

a value. &£, €[0,1]. For instance, &, ,is the assigned value to the first

and second-ranked criteria, and &, , , is the assigned value for the pairwise

-1,n
comparison between the next to the last and the last ranked criterion. The
result of the local pairwise comparison is expressed as a percentage
contribution of the corresponding criteria in the interval [0,1]. For example,

if C,,>C,with an assigned value ¢, , , =0.60, then it implies that C,
holds 60% of the interval [0,1], while the contribution of Cjis 40%. In the

next step, a transitive relationship is formulated to obtain the global
significance of the criteria.

Step 3. Obtain the weights of the criteria
The COBRAC method performs a total of (n—1)number of pairwise

comparisons for the 7 criteria. The relationships can be expressed as
wWw, = 651,2 :(1_61,2)3
W, tWy = 52,3 (1= 52,3)5
Wn—l : Wn = gn—l,n : (1 - gn—l,n) (1 3)

Consistency in decision making can be achieved by meeting the
transitivity condition.

Wn_l _ é:n—l,n — O
Wn (1 - én—l,n) (14)
In reality, the objective is set to minimize the deviations from the
a) m—1,m .
consistency, i.e., | ml _ S, |SO;] =12..m
| a)m (l_émfl,m)|

To achieve the aforementioned objective, the following model is
formulated.
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Figure 1 — Flowchart of the research methodology
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|Wn—] gn—l,n |

min max -
| Wn (1 - é:nfl,n)

J

S.t.

ZW_/ =Lw,; 20 V)
J= (15)
The above model (Expression 15) is converted into a final model, from
which the criteria weights are obtained.

Min y

S.t

|W,h1 _ é:n—l,n |< i

W, a7

Zn:w_i =Lw, 20Vj

= (16)

The steps of the research methodology are depicted in Figure 1.

Findings

This section demonstrates the step-by-step findings. Nine FMs
(mentioned in Table 3) are involved in this work, and 23 experts
participated in the study. Hence, there are j = 9 and k = 23. The experts
are rated in linguistic terms (Table 7) according to their experience. Then,
the experts' weights are found using Eq. 8. Table 5 outlines the experts’
profiles, and Table 8 summarizes the calculation of their weights.

Table 8 — Calculation of the weights of the experts

Expert Rating p 9 w Expert Rating [V 0 w

R1 4 0.85 0.10 0.0677 R13 4 0.85 0.10 0.0677
R2 1 0.10 0.85 0.0080 R14 3 0.60 0.35 0.0478
R3 3 0.60 0.35 0.0478 R15 4 0.85 0.10 0.0677
R4 4 0.85 0.10 0.0677 R16 3 0.60 0.35 0.0478
R5 2 0.35 0.60 0.0279 R17 2 0.35 0.60 0.0279
R6 3 0.60 0.35 0.0478 R18 3 0.60 0.35 0.0478
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Expert Rating p 3 w Expert Rating M 9 w

R7 3 0.60 0.35 0.0478 R19 1 0.10 0.85 0.0080
R8 2 0.35 0.60 0.0279 R20 4 0.85 0.10 0.0677
R9 4 0.85 0.10 0.0677 R21 1 0.10 0.85 0.0080
R10 3 0.60 0.35 0.0478 R22 3 0.60 0.35 0.0478
R11 2 0.35 0.60 0.0279 R23 4 0.85 0.10 0.0677
R12 1 0.10 0.85 0.0080

As a demonstration, the weight of the fifth expert is calculated as

slita)

-4

)

b=
;[wa[ﬂfj SD [ul 6

(O 35+005[

e
)

Hos
+..+ +
j (,Uzz & [:un +9,

0.85+0.05 0.85 +| 0.1+0.05
0.85+0.1

0.1

0.1+0.85

oo

0.85+0.1

=0.0279

JJ

The experts rate various FMs based on their severity (S), occurrence (O),
detectability (D), and intractability (1) using the linguistics scales provided
in Table 6. For instance, experts' responses to rate various FMs based on
severity are shown in Table 9. Table 6 is then used to find the
corresponding IFNs for the linguistic ratings. The ratings of FMs for other
dimensions (i.e., occurrence, detectability, and intractability) are shown in
Tables A1 to A3 (Appendix A). Tables A5 to A8 exhibit the corresponding
IFNs. Then proceed to step 4. The IFDWGA operator (Eq. 7) aggregates
individual ratings of various FMs. For example, the aggregation of
individual ratings for the fifth FN (indicating its severity) can be
demonstrated by applying Eq. 9.
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Dssy = (IUS(S)’ ‘95(S)

) = IEDWGA(P)55)> Piaysisy >+ Piamscs))

1
1 2
v
23 1—u
Y
i=1 Hiss)
1
1= 1
v
k 4
1Yo o
i=l 1_‘9;5(5)

By setting 3 =1(initial case), one gets ¢, =(0.7046, 0.2954)

The aggregated values for all other FNs are similarly obtained
according to their severity. It may be noted that all these aggregated
results are IFNs. Next, Eq. 10 is applied to get the score values (i.e.,
defuzzified values) of these aggregated IFNs. For instance, the score

value of

. 1
Fss) = 5(1 + sy — SS(S)) =

Ps(s)is
1+0.7046 —0.2954

obtained as

=0.7046

2

Table 9 — Rating of the FNs by the experts (Dimension: severity)

Respondent FM1 FM2 FM3 FM4 FM5 FM6 FM7 FM8 FM9
R1 4 4 4 4 4 4 4 4 4
R2 1 4 5 3 5 4 4 5 5
R3 3 3 3 3 5 3 4 3 4
R4 5 4 4 2 4 4 3 3 2
R5 4 5 4 4 4 3 4 4 4
R6 4 5 4 2 3 5 5 5 2
R7 3 4 4 4 3 4 3 2 4
R8 2 3 4 3 2 5 4 3 4
R9 3 4 4 4 4 3 3 4 4
R10 4 3 3 4 3 4 3 4 4
R11 4 5 5 4 5 4 5 5 4
R12 1 4 4 2 3 4 3 4 3
R13 2 2 3 3 4 5 5 5 5
R14 4 4 5 2 4 3 4 4 5
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Respondent FM1 FM2 FM3 FM4 FM5 FM6 FM7 FM8 FM9
R15
R16
R17
R18
R19
R20
R21
R22
R23

w
w
w
w
w
w
w

N NN OO W - 00 p~DN
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AWwwWwohANO®
A WWWWa N
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Table 10 — Dombi aggregation (8 = 1) and the calculated score values (Dimension:

severity)

Failure mode p 0 Score

FM1 0.7148 0.2852 0.7148
FM2 0.7961 0.2039 0.7961
FM3 0.7495 0.2505 0.7495
FMm4 0.6045 0.3955 0.6045
FM5 0.7046 0.2954 0.7046
FM6 0.8208 0.1792 0.8208
FM7 0.7630 0.2370 0.7630
FM8 0.7459 0.2541 0.7439
FM9 0.7798 0.2202 0.7798

The aforementioned defuzzified score values are used as inputs to
the procedural steps of the COBRAC method for determining the risk
scores of the FNs based on their severity. The use of the COBRAC method
is justified for two reasons: the consistency in decision making is thus
examined and, in some instances, two FNs may obtain the same
defuzzified score values making them inseparable. Following the steps
mentioned in Section 4.4, one derives the risk scores of the FNs based on
their severity (Table 11). The final model to derive the risk scores is given
below.
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Min y

s.t.
Yo _1.0310[< 7,2 -1.0208| < 7,22 ~1.0221| < 7,2 ~1.0181|< #,
w, W, w, A
M 1.0047 < 7,128 —1.0436| < 7, —1.0144]< 7|5 11657 < 4
Wy w, Wy w,
9
2w =lw,; 2 0Vj
-1 (17)
Table 11 — Calculation of the risk scores using the COBRAC method (Dimension:
severity)
Failure mode Score & 1-¢ &/(1-€) w
FM6 0.8208 0.5076 0.4924 1.0310 0.1229
FM2 0.7961 0.5052 0.4948 1.0208 0.1192
FM9 0.7798 0.5055 0.4945 1.0221 0.1168
FM7 0.7630 0.5045 0.4955 1.0181 0.1142
FM3 0.7495 0.5012 0.4988 1.0047 0.1122
FM8 0.7459 0.5107 0.4893 1.0436 0.1117
FM1 0.7148 0.5036 0.4964 1.0144 0.1070
FM5 0.7046 0.5383 0.4617 1.1657 0.1055
FMm4 0.6045 0.0905
X 0.00000 Sum 1.0000

Similarly, one calculates the risk scores of the FNs based on
occurrence, detectability, and intractability (see Tables 12 to 14). Lingo
(version 20) was used for solving Eq. 17. The sample code is given in
Appendix A.

Table 12 — Calculation of the risk scores using the COBRAC method (Dimension:

occurrence)
Failure mode Score g 1-¢ &/(1-€) w
FM2 0.8101 0.5136 0.4864 1.0559 0.1252
FM6 0.7672 0.5035 0.4965 1.0139 0.1186
FM9 0.7566 0.5071 0.4929 1.0289 0.1170
FM1 0.7354 0.5059 0.4941 1.0238 0.1137
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Failure mode Score 4 1-¢ &/(1-¢) w
FM8 0.7183 0.5010 0.4990 1.0042 0.1111
FM7 0.7154 0.5102 0.4898 1.0416 0.1106
FM3 0.6868 0.5117 0.4883 1.0481 0.1062
FMm4 0.6553 0.5125 0.4875 1.0511 0.1013
FM5 0.6234 0.0964
X 0.00000 Sum 1.0000
Table 13 — Calculation of the risk scores using the COBRAC method (Dimension:
detectability)
Failure mode Score g 1-¢ &/(1-¢) w
FM9 0.7394 0.5370 0.4630 1.1600 0.1389
FM7 0.6374 0.5037 0.4963 1.0150 0.1198
FMm4 0.6280 0.5130 0.4870 1.0533 0.1180
FM5 0.5962 0.5094 0.4906 1.0384 0.1120
FM6 0.5742 0.5119 0.4881 1.0486 0.1079
FM1 0.5476 0.5015 0.4985 1.0058 0.1029
FM3 0.5444 0.5055 0.4945 1.0224 0.1023
FM8 0.5325 0.5049 0.4951 1.0198 0.1001
FM2 0.5221 0.0981
X 0.00000 Sum 1.0000

Table 14 — Calculation of the risk scores using the COBRAC method (Dimension:

Intractability)

Failure mode Score 4 1-¢ &/(1-¢) w
FM6 0.7748 0.5089 0.4911 1.0363 0.1275
FM9 0.7477 0.5019 0.4981 1.0075 0.1231
FM2 0.7421 0.5062 0.4938 1.0252 0.1222
FM4 0.7238 0.5129 0.4871 1.0530 0.1192
FM7 0.6874 0.5217 0.4783 1.0909 0.1132
FM5 0.6301 0.5017 0.4983 1.0069 0.1037
FM8 0.6258 0.5110 0.4890 1.0451 0.1030
FM3 0.5988 0.5237 0.4763 1.0997 0.0986
FM1 0.5445 0.0896

X 0.00000 Sum 1.0000
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Next, the priority weights of the FNs are calculated based on their
importance to HEIs. The rating of the FNs in the linguistic scales and the
corresponding IFNs are given in Tables A4 and A9 (Appendix A). The
same process is followed as in finding out the risk scores. Table 15 shows
the calculated priority weight values of the FNs. It may be noted that in all
these calculations (of risk scores and priority weights), the deviations from
consistency (y ) are almost negligible (~0.0000). It reflects the

robustness of the calculation.

Table 15 — Calculation of the priority weights of the FNs using the COBRAC method

Failure mode Score g 1-¢ &/(1-¢) w
FM2 0.8426 0.5121 0.4879 1.0496 0.1282
FM6 0.8028 0.5012 0.4988 1.0048 0.1222
FM9 0.7990 0.5151 0.4849 1.0624 0.1216
FM1 0.7520 0.5074 0.4926 1.0302 0.1144
FM3 0.7299 0.5135 0.4865 1.0553 0.1111
FM7 0.6917 0.5035 0.4965 1.0142 0.1053
FM5 0.6820 0.5005 0.4995 1.0022 0.1038
FM8 0.6805 0.5355 0.4645 1.1530 0.1036
FM4 0.5902 0.0898
X 0.00000 Sum 1.0000

Eq. 11 is subsequently used to obtain the weighted risk scores of the
FNs for each dimension of M-FMEA, i.e.,
detectability, and intractability. Then, Eq. 12 is used to compute the RASs
of all FNs and to rank them (Table 16).

severity, occurrence,

Table 16 — Calculation of the RASs of the FNs (M-FMEA)

Weighted risk scores

Failure Priority S (0] D | RAS Rank
Modes weights

of failure

modes
FM-1 0.1144 0.1070 0.1137 0.1029 0.0896 0.0473 5
FM-2 0.1282 0.1192 0.1252 0.0981 0.1222 0.0596 2
FM-3 0.1111 0.1122 0.1062 0.1023 0.0986 0.0466 6
FM-4 0.0898 0.0905 0.1013 0.1180 0.1192 0.0385 9
FM-5 0.1038 0.1055 0.0964 0.1120 0.1037 0.0433 8
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Failure Priority S (0] D | RAS Rank
Modes weights

of failure

modes
FM-6 0.1222 0.1229 0.1186 0.1079 0.1275 0.0583 3
FM-7 0.1053 0.1142 0.1106 0.1198 0.1132 0.0482 4
FM-8 0.1036 0.1117  0.1111  0.1001 0.1030 0.0441 7
FM-9 0.1216 0.1168 0.1170 0.1389 0.1231 0.0603 1

Validation

A two-stage validation is performed in this paper.

First, the FMs are ranked based on their weighted risk scores related
to the dimensions of M-FMEA. The FM with the highest weighted risk score
is ranked first. Then, the rank index method (RIM) (Yang et al, 2019) is
used to obtain the rank frequency numbers and the final rank index values.
The alternative with the lowest rank index value is ranked first. Next, both
ranking orders (the one obtained with M-FMEA and the other obtained with
RIM) are compared, followed by the Spearman’s rank correlation test. The
value of the Spearman’s rank correlation coefficient is obtained using Eq.
18.

2
- 6> d,

d,is the difference in the ranks between the constituent elements of

the ;" pair and # is the number of elements.

The value of p=0.9167is obtained. This is significant at the 0.05

level (two-tailed), which confirms a significantly positive association or
consistency between M-FMEA and RIM.

The existing literature shows the comparison of several MCDM
models to ascertain the reliability of a specific method (Biswas & Pamucar,
2021; Pamucar et al, 2023). The FMs are ranked based on the RASs for
each such case. Then, the study examines the correlation of the rankings
(obtained using alternative methods) with the original results obtained
using the COBRAC method. The Spearman’s rank correlation test is
performed to examine the correlation (Table 17).
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Table 17 — Comparison of the MCDM models for the ranking of the FNs (M-FMEA)

Method COBRAC  LBWA g'PREC'A' FUCOM
LBWA Spearman's g33 e __

rho

p-value <.001 —

PIPRECIA- Spearman's 0.904 *** 0.979 *** .

S rho
p-value <.001 <.001 —

FUCOM i%earma” S 0083 **  0917* 0887 ** —
p-value <.001 0.001 0.001 —

*p <.05, *p<.01, **p<.001

The MCDM models maintain a very high and significant correlation
with the COBRAC method, suggesting its reliability.

Sensitivity analysis

MCDM models are susceptible to various external conditions that
influence the outcome of data analysis. The selection of methodological
steps, model formulation, normalization schemes, the interplay between
alternatives and criteria, the size of the alternatives and criteria sets, and
aggregation approaches often make MCDM results sensitive to external
variations. Therefore, the stability of the outcome is a crucial aspect of its
reliability (Puska et al, 2023). Sensitivity analysis is performed to examine
the stability of the outcome. The study varies the parameter values in
Dombi aggregation (Gorgun et al, 2023). Eight experimental cases are
generated and the FNs are ranked under each such case (Table 18). The
result of the sensitivity analysis is plotted in Figure 2. It is visible that the
top five and bottom-most positions remain unaltered despite changes in
the value. It indicates the stable ordering of the superior and inferior
options. It can be noticed that for high values of B (focusing more on the
membership aspect), the sub-optimum alternative FM-5 shows an
improvement in its risk scores (a jump of two positions), while FM-3 and
FM-8 exhibit one-step inferiority. Hence, it may be contended that this
paper’s model shows considerable stability.
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Table 18 — Ranking of the FNs (M-FMEA) under various experimental cases

Failure
Mode
FM1
FM2
FM3
FM4
FM5
FM6
FM7
FM8
FM9
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Discussion

The paper introduces a new methodology for assessing the risk
factors associated with HSQ in 14. It proposes a new M-FMEA model that
utilizes IFS and Dombi aggregation to fill the gaps in the literature on risk
assessment frameworks and measurement of HSQ. The newly added
feature (intractability) evinces the manageability of risks while providing
practical insights for HEIs. From the result analysis, it is noticed that ethical
concerns (FM-9), infrastructural constraints (FM-2), and shortage of funds
(FM-6) are positioned as the top three FMs. More advanced technologies
are invading all spheres of higher education, and ethical conduct breaches
have risen. For instance, the recent development of generative Al has a
double-edged effect on HSQ for good and evil intentions. Cybersecurity
and privacy are of great concern today and are often affected implicitly.
Moreover, scholars have been emphasizing the dark side of technology in
terms of its effect on mental health and social misconduct. The breach of
ethical conduct is, in fact, a silent enemy that can make or break HEIs.

Although there is a proliferation of data and rapid technological
developments, many HEIs cannot leverage them because of inadequate
infrastructure and resources. The availability of adequate infrastructure is
a key cornerstone of the successful use of advanced technologies to
deliver superior HSQ. In 14, internet connectivity and digital tools are
essential to providing fast, timely, and personalized services. The
traditional HES needs to undergo a massive transformation, which
requires a lot of initial capital expenditure. Moreover, HEIs need to be
prepared for offsetting technological obsolescence. In order to make use
of digital technologies, HEIs need to create awareness and educate their
stakeholders at all corners. A conducive ecosystem must connect all
stakeholders, including alumni and corporates. For this, visionary and
vigilant governance is of paramount importance. HEls must prioritize the
implementation of rigorous data governance frameworks and cultivate an
egalitarian digital ecosystem to prevent these threats. However, the
elevation of the level of HSQ requires a seamless transition, during which
the compatibility of the new and existing systems stands out as a crucial
success factor.

The proposed method shows high reliability, resulting in a) almost no
deviation from consistency, b) a highly significant correlation with other
MCDM models, and c) a high amount of internal stability. The modified
FMEA approach has several advantages. First of all, this model considers
the manageability aspect, which helps analysts understand the risks from
the perspective of mitigation. Also, the proposed framework uses IFS-
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based analysis which enables to capture the subjectivity in a simple
manner. Further, the use of Dombi aggregation allows decision makers to
flexibly select the parameter values to examine the model sensitivity. In
addition, the present model assigns weights to experts (based on their
expertise/experience), which enables to consider their opinions
comprehensively. Then, the developed model uses the COBRAC method
to calculate the risk scores of FNs on each of the dimensions ( S, O, D and
). In effect, an inherent consistency checking is built into the process for
each such calculation. Hence, the calculation is examined for its
robustness. The same is examined when one calculates the importance of
FNs from the perspective of HEIs. Finally, in this model, the final RAS
considers the dimensions like S, O, D, and |, and the priorities of FNs to
HEIs. Therefore, the modified FMEA model provides a comprehensive
prioritization of FNs.

The focal point of the developed FMEA framework is the use of the
COBRAC method that requires only the (n—1)number of local pairwise

comparisons, contrast to its counterparts like BWM (2n—3) and AHP
(n(n—1)/2). In this study, the number of risk factors is #=9. The

COBRAC method (8) clearly has an advantage over BWM (15) and AHP
(36). The contemporary methods like FUCOM, LBWA and SWARA also
require the (n—1) number of comparisons. However, FUCOM works with

a globalized comparison. The LBWA method sometimes suffers from the
issue of the criteria's level-wise inseparability, resulting in a high elasticity
coefficient value. The SWARA method often suffers from judgmental
errors.

However, the current model showcases foreseeable limitations, one
of them being a slight limitation in selecting the membership and non-
membership grades from a wider perspective because of linear inequality.
Also, it does not consider the degree of indeterminacy. These limitations
could be avoided by using other variants of fuzzy sets like p, g — Quasirung
Orthopair fuzzy sets, picture fuzzy sets, and spherical fuzzy sets. Another
drawback is that this framework considers a single aggregation operator
and suffers from generalizability. It may be an interesting study to use
multiple aggregation methods such as Dombi-Bonferroni (DOBI) that also
considers the risk attitude of decision makers. Finally, the present model
does not separately calculate the weights of the risk dimensions since we
use priority to business as a multiplier for each of them. Nevertheless, in
some cases, multiplier values and risk scores on the dimensions of the
modified FMEA may be equal, resulting in possible inseparability of FNs.
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The results of this study possess considerable social consequences,
especially in improving equity and accessibility in higher education. By
emphasizing infrastructural enhancements and tackling ethical issues like
data privacy and digital ethics, HEIs may cultivate inclusive educational
settings. The focus on customizing solutions for varied student
requirements, particularly for individuals from minority or rural
backgrounds, reduces systemic inequalities. Furthermore, the framework
facilitates the identification of practical measures to establish a resilient
and adaptive higher education ecosystem, crucial for cultivating socially
responsible graduates prepared to succeed in a digitally driven
environment.

From a managerial viewpoint, the present study demonstrates a
systematic framework for resource allocation and risk management in
higher education institutions. It integrates intractability to prioritize
investments in feasible domains, maximizing resource allocation. The
COBRAC-based ranking ensures a consistent risk assessment, facilitating
strategic planning and operational efficacy. The framework incorporates
modern digital technologies while adhering to ethical and legal
requirements, enabling higher education institutions to be competitive in
Industry 4.0. Ethical concerns, such as security, privacy, and compliance,
are identified as the primary risk factor. Institutions must prioritize data
governance rules and create an egalitarian digital ecosystem.
Infrastructural limitations, such as inadequate digital resources and
connectivity, highlight the need for scalable and sustainable infrastructure.

Conclusion

The present work demonstrates the use of a novel FMEA framework
with uncertainty measures for risk appraisal. This paper considers HSQ as
a problem statement. The attributes of HSQ in I4 are figured out through
literature review and theoretical underpinning. Subsequently, potential risk
factors or FMs have been identified. This work has formulated a focus
group of 23 experts to confirm and prioritize the identified FMs according
to their severity, occurrence, detectability, and a new dimension called
intractability. The modified FMEA used IFSs to capture subjective bias
involved in group decision making. Dombi aggregation is used to
aggregate experts’ responses, which provides notable flexibility to decision
makers when examining the model sensitivity. The COBRAC method has
been used to ascertain the least deviation from consistency, ensuring the
robustness of the model. The results indicate that the essential risk factors,
including ethical issues, infrastructural limitations, and financial
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deficiencies, profoundly affect the provision of quality education in the
digital era.

Nevertheless, the current study offers several scopes for further
research. First, the present work has not used any causal analysis to delve
into the interrelationship among various risk factors and their effects on the
performance of HEls. Second, technological capability and intention to use
have not been studied distinctly. In future work, the effect of technology
adaptation as a mediator can be analysed. Third, the perspectives of
various stakeholders have not been precisely considered regarding their
expectations of the services rendered to them. Future studies may try to
figure out the additional attributes of HSQ and incorporate these aspects
into the FMEA framework to update FMs. Fourth, future studies may
further augment the dimensions of M-FMEA by adding dimensions like
complexity and opportunity cost. Fifth, the proposed M-FMEA framework
may be applied to other various complex problems. Sixth, the IFS has a
limitation in selecting membership and non-membership grades. Future
studies may overcome these issues using q Rung Orthopair or p, q —
Quasirung Orthopair fuzzy sets. Rough sets or intuitionistic fuzzy rough
sets may also be explored for granular analysis. Seventh, the present work
is also constrained by the limited sample size, which may be overcome by
conducting analysis on a large scale.

References

Abbas, J. 2020. Service quality in higher education institutions: qualitative
evidence from the students’ perspectives using Maslow hierarchy of needs.
International Journal of Quality and Service Sciences, 12(3), pp.371-384.
Available at: https://doi.org/10.1108/ijgss-02-2020-0016

Abdullah, F. 2005. HEdPERF versus SERVPERF: The quest for ideal
measuring instrument of service quality in higher education sector. Quality
Assurance in Education, 13(4), pp.305-328. Available at:
https://doi.org/10.1108/09684880510626584

Abulibdeh, A., Zaidan, E. & Abulibdeh, R. 2024. Navigating the confluence
of artificial intelligence and education for sustainable development in the era of
industry 4.0: Challenges, opportunities, and ethical dimensions. Journal of
Cleaner Production, 437, p.140527. Available at:
https://doi.org/10.1016/j.jclepro.2023.140527

Akhmetshin, E.M., Barmuta, K., Vasilev, V.L., Okagbue, H.I. & ljezie, O.A.
2020. Principal directions of digital transformation of higher education system in
sustainable education. E3S Web of Conferences, 208, p.09042. Available at:
https://doi.org/10.1051/e3sconf/202020809042

815

in higher education pp. 779-825

Biswas B. et al,, A novel intuitionistic fuzzy FMEA framework with dombi aggregation for service quality in industry 4.0: application


https://doi.org/10.1108/ijqss-02-2020-0016
https://doi.org/10.1108/09684880510626584
https://doi.org/10.1016/j.jclepro.2023.140527
https://doi.org/10.1051/e3sconf/202020809042

E VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 3

Alenezi, M. 2023. Digital learning and digital institution in higher education.
Education Sciences, 13(1), p.88. Available at:
https://doi.org/10.3390/educsci13010088

Alenezi, M. & Akour, M. 2023. Digital transformation blueprint in higher
education: A case study of PSU. Sustainability, 15(10), p.8204. Available at:
https://doi.org/10.3390/su15108204

Ali, Z. & Yang, M.S. 2024. On circular g-rung orthopair fuzzy sets with Dombi
aggregation operators and application to symmetry analysis in artificial
intelligence. Symmetry, 16(3), p.260. Available at:
https://doi.org/10.3390/sym 16030260

Anastasiadou, S. & Zirinoglou, P. 2020. Failure modes and effects analysis
(FMEA) application in Greek tertiary education. In: ICERI2020 Proceedings,
pp.7767-7772. IATED. Available at:_https://doi.org/10.21125/iceri.2020.1695

Atanassov, K.T. 1986. Intuitionistic fuzzy sets. Fuzzy Sets and Systems,
20(1), pp.87-96. Available at: https://doi.org/10.1016/S0165-0114(86)80034-3

Benavides, L.M.C., Tamayo Arias, J.A., Arango Serna, M.D., Branch
Bedoya, J.W. & Burgos, D. 2020. Digital transformation in higher education
institutions: A systematic literature review. Sensors, 20(11), p.3291. Available at:
https://doi.org/10.3390/s20113291

Biswas, S., Pamucar, D., Raj, A. & Kar, S. 2023. A proposed g-rung orthopair
fuzzy-based decision support system for comparing marketing automation
modules for higher education admission. In: Computational Intelligence for
Engineering and Management Applications: Select Proceedings of CIEMA 2022,
pp.885-912. Singapore: Springer Nature Singapore. Available at:
https://doi.org/10.1007/978-981-19-8493-8 66

Biswas, S., Pamucar, D. & Simic, V. 2024. Technology adaptation in
sugarcane supply chain based on a novel p, q quasirung orthopair fuzzy decision-
making framework. Scientific Reports, 14(1), p.26486. Available at:
https://doi.org/10.1038/s41598-024-75528-5

Biswas, S. & Pamucar, D.S. 2021. Combinative distance-based assessment
(CODAS) framework using logarithmic normalization for multi-criteria decision
making. Serbian Journal of Management, 16(2), pp.321-340. Available at:
https://doi.org/10.5937/sim16-27758

Bonfield, C.A., Salter, M., Longmuir, A., Benson, M. & Adachi, C. 2020.
Transformation or evolution?: Education 4.0, teaching and learning in the digital
age. Higher Education Pedagogies, 5(1), pp.223-246. Available at:
https://doi.org/10.1080/23752696.2020.1816847

Bowles, J.B. & Pelaez, C.E. 1995. Fuzzy logic prioritization of failures in a
system failure mode, effects and criticality analysis. Reliability Engineering &
System Safety, 50(2), pp.203-213. Available at: https://doi.org/10.1016/0951-
8320(95)00068-D

Ceylan, B.O., Akyar, D.A. & Celik, M.S. 2023. A novel FMEA approach for
risk assessment of air pollution from ships. Marine Policy, 150, p.105536.
Available at: https://doi.org/10.1016/j.marpol.2023.105536

816


https://doi.org/10.3390/educsci13010088
https://doi.org/10.3390/su15108204
https://doi.org/10.3390/sym16030260
https://doi.org/10.21125/iceri.2020.1695
https://doi.org/10.1016/S0165-0114(86)80034-3
https://doi.org/10.3390/s20113291
https://doi.org/10.1007/978-981-19-8493-8_66
https://doi.org/10.1038/s41598-024-75528-5
https://doi.org/10.5937/sjm16-27758
https://doi.org/10.1080/23752696.2020.1816847
https://doi.org/10.1016/0951-8320(95)00068-D
https://doi.org/10.1016/0951-8320(95)00068-D
https://doi.org/10.1016/j.marpol.2023.105536

Chaabouni, S. & Mbarek, M.B. 2023. What will be the impact of the COVID-
19 pandemic on the human capital and economic growth? Evidence from
Eurozone. Journal of the Knowledge Economy, 15(1), pp.2482-2498. Available at:
https://doi.org/10.1007/s13132-023-01328-3

Chan, C.K\Y. & Hu, W. 2023. Students’ voices on generative Al: Perceptions,
benefits, and challenges in higher education. International Journal of Educational
Technology in  Higher  Education, 20(1), p.43. Available at:
https://doi.org/10.1186/s41239-023-00411-8

Deb, P.P., Bhattacharya, D., Chatterjee, I., Chatterjee, P. & Zavadskas, E.K.
2023. An intuitionistic fuzzy consensus WASPAS method for assessment of open-
source software learning management systems. Informatica, 34(3), pp.529-556.
Available at: https://doi.org/10.15388/23-INFORS523

Deb, P.P., Bhattacharya, D., Chatterjee, I., Saha, A., Mishra, AR. &
Ahammad, S.H. 2022. A decision-making model with intuitionistic fuzzy
information for selection of enterprise resource planning systems. IEEE
Transactions on Engineering Management, 71, pp.4820-4834. Available at:
https://doi.org/10.1109/TEM.2022.3215608

Demir, AT. & Moslem, S. 2024. A novel fuzzy multi-criteria decision-making
for enhancing the management of medical waste generated during the
coronavirus pandemic. Engineering Applications of Artificial Intelligence, 133,
p.108465. Available at: https://doi.org/10.1016/j.engappai.2024.108465

Dempere, J., Modugu, K., Hesham, A. & Ramasamy, L.K. 2023. The impact
of ChatGPT on higher education. In: Frontiers in Education, 8, p.1206936.
Frontiers Media SA. Available at: https://doi.org/10.3389/feduc.2023.1206936

Dombi, J. 1982. A general class of fuzzy operators, the DeMorgan class of
fuzzy operators and fuzziness measures induced by fuzzy operators. Fuzzy Sets
and Systems, 8(2), pp.149-163.Available at: https://doi.org/10.1016/0165-
0114(82)90005-7

Ervural, B. & Ayaz, H.l. 2023. A fully data-driven FMEA framework for risk
assessment on manufacturing processes using a hybrid approach. Engineering
Failure Analysis, 152, p.107525. Available at:
https://doi.org/10.1016/j.engfailanal.2023.107525

Fahim, A., Addae, B.A., Ofosu-Adarkwa, J., Qingmei, T. & Bhatti, U.A. 2021.
Industry 4.0 and higher education: An evaluation of barriers affecting master’s in
business administration enrolments using a grey incidence analysis. IEEE
Access, 9, pp.76991-77008. Available at:
https://doi.org/10.1109/ACCESS.2021.3082144

Feifei, L., Kian, M.W. & Adaikalam, J. 2022. A review on service quality
dimensions in higher education sector and research prospects after COVID-19
pandemic. International Journal of Academic Research in Business and Social
Sciences, 12(1), pp.328-337. Available at:
http://dx.doi.org/10.6007/IJARBSS/v12-i1/12052

Fuchs, K. & Fangpong, K. 2021. Using the SERVQUAL framework to
examine the service quality in higher education in Thailand. Education Quarterly

817

in higher education pp. 779-825

Biswas B. et al,, A novel intuitionistic fuzzy FMEA framework with dombi aggregation for service quality in industry 4.0: application


https://doi.org/10.1007/s13132-023-01328-3
https://doi.org/10.1186/s41239-023-00411-8
https://doi.org/10.15388/23-INFOR523
https://doi.org/10.1109/TEM.2022.3215608
https://doi.org/10.1016/j.engappai.2024.108465
https://doi.org/10.3389/feduc.2023.1206936
https://doi.org/10.1016/0165-0114(82)90005-7
https://doi.org/10.1016/0165-0114(82)90005-7
https://doi.org/10.1016/j.engfailanal.2023.107525
https://doi.org/10.1109/ACCESS.2021.3082144
http://dx.doi.org/10.6007/IJARBSS/v12-i1/12052

E VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 3

Reviews, 4(2), pp.363-370. Available at:
https://doi.org/10.31014/aior.1993.04.02.286

Gérgin, O.F., Pamucar, D. & Biswas, S. 2023. The blockchain technology
selection in the logistics industry using a novel MCDM framework based on
Fermatean fuzzy sets and Dombi aggregation. Information Sciences, 635, pp.345-
374. Available at: https://doi.org/10.1016/}.ins.2023.03.113

Gindogdu, F.K. & Kahraman, C. 2019. Spherical fuzzy sets and spherical
fuzzy TOPSIS method. Journal of Intelligent & Fuzzy Systems, 36(1), pp.337-352.
Available at: https://doi.org/10.3233/JIFS-181401

Hong, D.H. & Choi, C.H. 2000. Multicriteria fuzzy decision-making problems
based on vague set theory. Fuzzy Sets and Systems, 114, pp.103-113. Available
at: https://doi.org/10.1016/S0165-0114(98)00271-1

Jamaludin, R., McKay, E. & Ledger, S. 2020. Are we ready for Education 4.0
within ASEAN higher education institutions? Thriving for knowledge, industry and
humanity in a dynamic higher education ecosystem? Journal of Applied Research
in Higher Education, 12(5), pp.1161-1173. Available at:
https://doi.org/10.1108/JARHE-06-2019-0144

KerSuliene, V., Zavadskas, E.K. & Turskis, Z. 2010. Selection of rational
dispute resolution method by applying new step-wise weight assessment ratio
analysis (SWARA). Journal of Business Economics and Management, 11(2),
pp.243-258. Available at: https://doi.org/10.3846/jbem.2010.12

Khan, S., Zaman, S.I. & Rais, M. 2022. Measuring student satisfaction
through overall quality at business schools: A structural equation modeling:
Student satisfaction and quality of education. South Asian Journal of Social
Review, 1(2), pp.34-55. Available at: https://doi.org/10.57044/sajsr.2022.1.2.2210

Khan, M.R., Ullah, K., Khan, Q. & Pamucar, D. 2025. Intuitionistic fuzzy
Dombi aggregation information involving lower and upper approximations.
Computational and Applied Mathematics, 44(1), pp.1-45. Available at:
https://doi.org/10.1007/s40314-024-03044-3

Leow, A, Billett, S. & Le, A.H. 2023. Towards a continuing education and
training ecosystem: A case study of Singapore. International Journal of Training
Research, 21(3), pp.226-242. Available at:
https://doi.org/10.1080/14480220.2023.2203944

Li, L. 2024. Reskilling and upskilling the future-ready workforce for industry
4.0 and beyond. Information Systems Frontiers, 26, pp.1697-1712. Available at:
https://doi.org/10.1007/s10796-022-10308-y

Lin, SW. & Lo, H.W. 2024. An FMEA model for risk assessment of university
sustainability: Using a combined ITARA with TOPSIS-AL approach based
neutrosophic sets. Annals of Operations Research, 342, pp.2119-2145. Available
at: https://doi.org/10.1007/s10479-023-05250-4

Liu, Y. & Shi, Y. 2023. Digital transformation of college teacher education
from the perspective of behaviorist psychology: Initiatives, effectiveness and
pitfalls. Applied Mathematics and Nonlinear Sciences, 9(1). Available at:
https://doi.org/10.2478/amns.2023.2.01598

818


https://doi.org/10.31014/aior.1993.04.02.286
https://doi.org/10.1016/j.ins.2023.03.113
https://doi.org/10.3233/JIFS-181401
https://doi.org/10.1016/S0165-0114(98)00271-1
https://doi.org/10.1108/JARHE-06-2019-0144
https://doi.org/10.3846/jbem.2010.12
https://doi.org/10.57044/sajsr.2022.1.2.2210
https://doi.org/10.1007/s40314-024-03044-3
https://doi.org/10.1080/14480220.2023.2203944
https://doi.org/10.1007/s10796-022-10308-y
https://doi.org/10.1007/s10479-023-05250-4
https://doi.org/10.2478/amns.2023.2.01598

Liu, P.,, Wu, Y., Li, Y. & Wu, X. 2024. An improved FMEA method based on
the expert trust network for maritime transportation risk management. Expert
Systems with Applications, 238, p.121705. Available at:
https://doi.org/10.1016/j.eswa.2023.121705

Liu, P., Ali, Z. & Ding, J. 2024. Power Dombi aggregation operators for
complex Pythagorean fuzzy sets and their applications in green supply chain
management. International Journal of Fuzzy Systems, 26(5), pp.1618-1633.
Available at: https://doi.org/10.1007/s40815-024-01691-6

Liu, Z., Zhao, Y. & Liu, P. 2023a. An integrated FMEA framework considering
expert reliability for classification and its application in aircraft power supply
system. Engineering Applications of Atrtificial Intelligence, 123, p.106319.
Available at: https://doi.org/10.1016/j.engappai.2023.106319

Liu, P., Shen, M. & Geng, Y. 2023b. Risk assessment based on failure mode
and effects analysis (FMEA) and WASPAS methods under probabilistic double
hierarchy linguistic term sets. Computers & Industrial Engineering, 186, p.109758.
Available at: https://doi.org/10.1016/j.cie.2023.109758

Mahyoob, M. 2020. Challenges of e-learning during the COVID-19 pandemic
experienced by EFL learners. Arab World English Journal (AWEJ), 11(4), pp.351-
362. Available at: https://dx.doi.org/10.24093/awej/vol11n04.23

Maijid, M., Habib, S., Javed, A.R., Rizwan, M., Srivastava, G., Gadekallu,
T.R. & Lin, J.C.W. 2022. Applications of wireless sensor networks and internet of
things frameworks in the industry revolution 4.0: A systematic literature review.
Sensors, 22(6), p.2087. Available at: https://doi.org/10.3390/s22062087

MacCrimmon, K.R. 1968. Decision making among multiple-attribute
alternatives: A survey and consolidated approach. Rand Corp Santa Monica Ca.
Available at: https://www.rand.org/pubs/research_memoranda/RM4823.html

Moraes, E.B., Kipper, L.M., Hackenhaar Kellermann, A.C., Austria, L.,
Leivas, P., Moraes, J.ARR. & Witczak, M. 2023. Integration of Industry 4.0
technologies with Education 4.0: Advantages for improvements in learning.
Interactive Technology and Smart Education, 20(2), pp.271-287. Available at:
https://doi.org/10.1108/ITSE-11-2021-0201

Nasrallah, I., Sabbah, I., Haddad, C., Ismaiil, L., Kotaich, J., Salameh, P. ...
& Bawab, W. 2023. Evaluating the academic scientific laboratories' safety by
applying failure mode and effect analysis (FMEA) at the public university in
Lebanon. Heliyon, 9(12), p.e21145. Available at:
https://doi.org/10.1016/j.heliyon.2023.e21145

Nguyen, H.V., Vu, T.D., Saleem, M. & Yaseen, A. 2024. The influence of
service quality on student satisfaction and student loyalty in Vietham: The
moderating role of the university image. Journal of Trade Science, 12(1), pp.37-
59. Available at: https://doi.org/10.1108/jts-12-2023-0032

Oliso, Z.Z., Alemu, D.D. & Jansen, J.D. 2024. The impact of educational
service quality on student academic performance in Ethiopian public universities:
A mediating role of students’ satisfaction. Journal of International Education in
Business, 17(2), pp.340-370. Available at: https://doi.org/10.1108/jieb-07-2023-
0042

819

in higher education pp. 779-825

Biswas B. et al,, A novel intuitionistic fuzzy FMEA framework with dombi aggregation for service quality in industry 4.0: application


https://doi.org/10.1016/j.eswa.2023.121705
https://doi.org/10.1007/s40815-024-01691-6
https://doi.org/10.1016/j.engappai.2023.106319
https://doi.org/10.1016/j.cie.2023.109758
https://dx.doi.org/10.24093/awej/vol11no4.23
https://doi.org/10.3390/s22062087
https://www.rand.org/pubs/research_memoranda/RM4823.html
https://doi.org/10.1108/ITSE-11-2021-0201
https://doi.org/10.1016/j.heliyon.2023.e21145
https://doi.org/10.1108/jts-12-2023-0032
https://doi.org/10.1108/jieb-07-2023-0042
https://doi.org/10.1108/jieb-07-2023-0042

E VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 3

Pamucar, D., Torkayesh, A. E., & Biswas, S. 2023. Supplier selection in
healthcare supply chain management during the COVID-19 pandemic: a novel
fuzzy rough decision-making approach. Annals of Operations Research, 328(1),
977-1019. Available at: https://doi.org/10.1007/s10479-022-04529-2

Pamucar, D., Stevi¢, Z., & Sremac, S. 2019. A new model for determining
weight coefficients of criteria in MCDM models: Full Consistency Method
(FUCOM). Symmetry, 11(2), 271. Available at:
https://doi.org/10.3390/sym1102027 1

Park, C., Kontovas, C., Yang, Z., & Chang, C. H. 2023. A BN driven FMEA
approach to assess maritime cybersecurity risks. Ocean & Coastal Management,
235, 106480. https://doi.org/10.1016/j.ocecoaman.2023.106480

Peddi, S., Lanka, K., & Gopal, P. R. C. 2023. Modified FMEA using machine
learning for food supply chain. Materials Today: Proceedings. Available at:
https://doi.org/10.1016/{.matpr.2023.04.353

Puska, A., Stili¢, A., Nedeljkovi¢, M., Bozanié, D., & Biswas, S. 2023.
Integrating fuzzy rough sets with LMAW and MABAC for green supplier selection
in agribusiness. Axioms, 12(8), 746. Available at:
https://doi.org/10.3390/axioms 12080746

Rasul, T., Nair, S., Kalendra, D., Robin, M., de Oliveira Santini, F., Ladeira,
W. J., Sun, M., Day, I., Rather, R. A. & Heathcote, L. 2023. The role of ChatGPT
in higher education: Benefits, challenges, and future research directions. Journal
of Applied Learning and Teaching, 6(1), 41-56. Available at:
https://doi.org/10.37074/jalt.2023.6.1.29

Resende, B. A. D., Dedini, F. G., Eckert, J. J., Sigahi, T. F., Pinto, J. D. S.,
& Anholon, R. 2024. Proposal of a facilitating methodology for fuzzy FMEA
implementation with application in process risk analysis in the aeronautical sector.
International Journal of Quality & Reliability Management, 41(4), 1063-1088.
Available at: https://doi.org/10.1108/IJQRM-07-2023-0237

Rezaei, J. 2015. Best-worst multi-criteria decision-making method. Omega,
53, 49-57. Available at: https://doi.org/10.1016/j.omega.2014.11.009

Salah, B., Alnahhal, M., & Ali, M. 2023. Risk prioritization using a modified
FMEA analysis in industry 4.0. Journal of Engineering Research, 11(4), 460-468.
Available at: https://doi.org/10.1016/j.jer.2023.07.001

Seikh, M. R., & Mandal, U. 2021. Intuitionistic fuzzy Dombi aggregation
operators and their application to multiple attribute decision-making. Granular
Computing, 6, 473-488. https://doi.org/10.1007/s41066-019-00209-y

Seikh, M. R., & Chatterjee, P. 2024. Evaluation and selection of E-learning
websites using intuitionistic fuzzy confidence level based Dombi aggregation
operators with unknown weight information. Applied Soft Computing, 163,
111850. Available at: https://doi.org/10.1016/j.as0c.2023.111850

Seikh, M. R., & Mandal, U. 2022. Multiple attribute group decision making
based on quasirung orthopair fuzzy sets: Application to electric vehicle charging
station site selection problem. Engineering Applications of Artificial Intelligence,
115, 105299. Available at: https://doi.org/10.1016/j.engappai.2022.105299

820


https://doi.org/10.1007/s10479-022-04529-2
https://doi.org/10.3390/sym11020271
https://doi.org/10.1016/j.ocecoaman.2023.106480
https://doi.org/10.1016/j.matpr.2023.04.353
https://doi.org/10.3390/axioms12080746
https://doi.org/10.37074/jalt.2023.6.1.29
https://doi.org/10.1108/IJQRM-07-2023-0237
https://doi.org/10.1016/j.omega.2014.11.009
https://doi.org/10.1016/j.jer.2023.07.001
https://doi.org/10.1007/s41066-019-00209-y
https://doi.org/10.1016/j.asoc.2023.111850
https://doi.org/10.1016/j.engappai.2022.105299

Shenkoya, T., & Kim, E. 2023. Sustainability in Higher Education: Digital
Transformation of the Fourth Industrial Revolution and Its Impact on Open
Knowledge. Sustainability, 15(3), 2473. Available at:
https://doi.org/10.3390/su15032473

Subandi, S., & Hamid, M. S. 2021. Student satisfaction, loyalty, and
motivation as observed from the service quality. Journal of Management and
Islamic Finance, 1(1), 136-153. Available at:
https://doi.org/10.22515/jmif.v1i1.3552

Sumrit, D., & Keeratibhubordee, J. 2025. Risk Assessment Framework for
Reverse Logistics in Waste Plastic Recycle Industry: A Hybrid Approach
Incorporating  FMEA Decision Model with AHP-LOPCOW-ARAS Under
Trapezoidal Fuzzy Set. Decision Making: Applications in Management and
Engineering, 8(1), 42-81. Available at:
https://doi.org/10.31181/dmame812025984

Sun, J., Liu, Y., Xu, J., Wang, N., & Zhu, F. 2023. A probabilistic uncertain
linguistic FMEA model based on the extended ORESTE and regret theory.
Computers & Industrial  Engineering, 180, 109251. Available at:
https://doi.org/10.1016/j.cie.2023.109251

Teeroovengadum, V., Nunkoo, R., Gronroos, C., Kamalanabhan, T. J., &
Seebaluck, A. K. 2019. Higher education service quality, student satisfaction and
loyalty: Validating the HESQUAL scale and testing an improved structural model.
Quality — assurance in education, 27(4), 427-445. Available at:
https://doi.org/10.1108/QAE-01-2019-0003

Tooranloo, H. S., & sadat Ayatollah, A. 2016. A model for failure mode and
effects analysis based on intuitionistic fuzzy approach. Applied soft computing,
49, 238-247. Available at: http://doi.org/10.1016/j.as0c.2016.07.047

Torra, V. 2010. Hesitant fuzzy sets. International Journal of Intelligent
Systems, 25(6), 529-539. Available at: https://doi.org/10.1002/int.20418

Wang, K., Li, B., Tian, T., Zakuan, N., & Rani, P. 2023. Evaluate the drivers
for digital transformation in higher education institutions in the era of industry 4.0
based on decision-making method. Journal of Innovation & Knowledge, 8(3),
100364. Available at: https://doi.org/10.1016/.jik.2023.100364

Xu, Z. & Yager, R.R. 2006. Some geometric aggregation operators based on
intuitionistic fuzzy sets. International Journal of General Systems, 35(4), pp.417-
433. Available at: https://doi.org/10.1080/03081070600574353

Xu, Z.8. 2007. Models for multiple attribute decision making with intuitionistic
fuzzy information. International Journal of Uncertainty, Fuzziness and Knowledge-
Based Systems, 15(3), pp.285-297. https://doi.org/10.1142/S0218488507004686

Xue, Y., Zhang, J., Zhang, Y. & Yu, X. 2024. Barrier assessment of EV
business model innovation in China: An MCDM-based FMEA. Transportation
Research Part D: Transport and Environment, 136, p.104404. Available at:
https://doi.org/10.1016/j.trd.2024.104404

Yang, W.C., Chon, S.H., Choe, C.M. & Un-Ha, K. 2019. Materials selection
method combined with different MADM methods. Journal of Artificial Intelligence,
1(2), pp-89-99. Available at: https://doi.org/10.32604/jai.2019.07885

821

in higher education pp. 779-825

Biswas B. et al,, A novel intuitionistic fuzzy FMEA framework with dombi aggregation for service quality in industry 4.0: application


https://doi.org/10.3390/su15032473
https://doi.org/10.22515/jmif.v1i1.3552
https://doi.org/10.31181/dmame812025984
https://doi.org/10.1016/j.cie.2023.109251
https://doi.org/10.1108/QAE-01-2019-0003
http://doi.org/10.1016/j.asoc.2016.07.047
https://doi.org/10.1002/int.20418
https://doi.org/10.1016/j.jik.2023.100364
https://doi.org/10.1080/03081070600574353
https://doi.org/10.1142/S0218488507004686
https://doi.org/10.1016/j.trd.2024.104404
https://doi.org/10.32604/jai.2019.07885

E VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 3

Yu, Y., Yang, J. & Wu, S. 2023. A novel FMEA approach for submarine
pipeline risk analysis based on IVIFRN and ExpTODIM-PROMETHEE-II. Applied
Soft Computing, 136, p.110065. Available at:
https://doi.org/10.1016/j.as0c.2023.110065

Zadeh, L.A. 1965. Fuzzy sets. Information and Control, 8(3), pp-338-353.
Available at: https://doi.org/10.1016/S0019-9958(65)90241-X

Zaléniené, |. & Pereira, P. 2021. Higher education for sustainability: A global
perspective. Geography and Sustainability, 2(2), pp.99-106. Available at:
https://doi.org/10.1016/j.geosus.2021.05.001

Zadeh, L.A. 1975a. The concept of a linguistic variable and its application to
approximate reasoning. Information Sciences, 8(3), pp.199-249. Available at:
https://doi.org/10.1016/0020-0255(75)90036-5

Zadeh, L.A. 1975b. The concept of a linguistic variable and its application to
approximate reasoning—IIl. Information Sciences, 9(1), pp.43—80. Available at:
https://doi.org/10.1016/0020-0255(75)90017-1

Zhang, R. & Ye, J. 2024. Multiple attribute decision making technique using
single-valued neutrosophic trigonometric Dombi aggregation operators. Soft
Computing, 28(5), pp.4217-4234. Available at: https://doi.org/10.1007/s00500-
023-09440-x

Zulfigar, M., Bhat, S., Sony, M., Salentijn, W., Swarnakar, V., Antony, J.,
Cudney, E.A,, Furterer, S., McDermott, O., Jayaraman, R. & Foster, M. 2024.
Unveiling the potential of FMEA in higher education: Pathway to improved risk
management  and quality. The TQM  Journal. Available at:
https://doi.org/10.1108/TQM-01-2024-0017

Un nuevo marco intuicionista de FMEA difuso con agregacion Dombi
para la calidad del servicio en la industria 4.0: aplicacién en la
educacién superior

Biplab Biswas®, Sanjib Biswas®, autor de correspondencia

@ Universidad ICFAI, Ranchi, Jharkhand, India
b Universidad Amity, Escuela de Negocios Amity, Calcuta, Bengala Occidental,
India

CAMPO: matema’ticas, ciencias de la decision
TIPO DE ARTICULO: articulo cientifico original

Resumen:

Introduccién/objetivo: La calidad de los servicios de educacion superior
(CSS) es una de las areas destacadas que se han redefinido en la 14, lo
que plantea numerosos desafios a las instituciones de educacién superior
(IES). En este contexto, el presente trabajo busca cumplir dos objetivos: a)
desarrollar un nuevo marco de evaluacion de riesgos para el analisis modal
de fallos y efectos (AMEF) mediante el conjunto difuso intuicionista (IFS) y
b) evaluar los posibles factores de riesgo o fallos que enfrentan las IES al
ofrecer una CSS superior en la Industria 4.0 (14).
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Métodos: El presente trabajo utiliza un modelo de toma de decisiones
multicriterio (MCDM), como la comparacion entre criterios jerarquizados
(COBRAC), con agregacion Dombi basada en IFS para la toma de
decisiones grupales, con el fin de desarrollar una nueva extensién del
marco AMFE. El presente trabajo propone un enfoque innovador al
incorporar una dimensién adicional al modelo AMFE clasico, como la
intratabilidad. Los modos de fallo (MF) se identifican desde la perspectiva
de los atributos HSQ. Posteriormente, se examina la validez de los
resultados mediante la comparacion de varios modelos MCDM y un
analisis de sensibilidad.

Resultados: Basado en las opiniones de 23 expertos, el trabajo actual
revela el predominio de factores de riesgo como preocupaciones éticas
(FM-9), limitaciones de infraestructura (FM-2) y escasez de fondos (FM-6).

Conclusién:. El articulo destaca la necesidad de construir un ecosistema
holistico con los recursos disponibles. El estudio en curso aporta varias
novedades, como una extension del AMFE con una dimensién adicional y
la agregacion IFS-Dombi, utilizando el modelo COBRAC para AMFE, y un
enfoque innovador para la evaluacion de riesgos en HSQ, que resultan
utiles para los responsables de la toma de decisiones y los investigadores.

Palabras claves: calidad del servicio, instituciones de educacion
superior, FMEA, conjunto difuso intuicionista, COBRAC, agregacion
Dombi.

HoBas nHTynumoHucTckaa HedeTkas mogens FMEA c arperaumen
Dombi anga noBbiweHUsa ka4ecTBa ycnyr B anoxy YeTBepTomn
NPOMBILLIIEHHON PEBOMOLMN: NPUMEHEHNE B BbICLLEM 06pa3oBaHun

Bunnab buweac?®, CaHdxue buweac’, KoppecnoHAeHT

@ YHueepcumem ICFAI, Panyu, [QxapkxaH0, Pecrniybnuka VHOus

6 Ynusepcumem 3mumu, busHec-wkona Amumu, Kanskymma, 3anadHas
BeHeanus, Pecnybnuka UHOus

PYBPUKA TPHTU: 27.47.00 MaTtemaTnyeckasi KnbepHeTuka,

27.47.19 ViccnegoBaHue onepauui,

28.17.31 MogenupoBaHve NpoLeccoB ynpasneHus
BWO CTATbW: opurmHanbHas Hay4Has ctaTbs

Pe3some:

BeedeHue/yenb: Kavecmeo ycnye ebicuiezo obpasosaHusi (KBO)
senssemcsi 0OHOU U3 eaxHelwux obrnacmel, NepecMOmMpPEHHbIX 8
ycro8usix Yemeepmol MpOMbILWIIEHHOU PeeonoyuU, Komopasi cmasum
rneped 8bICWUMU y4ebHbIMU 3a8e0eHUsIMU MHOXecmaeo 3adad. B amom
KoHmMeKkcme OaHHasi cmambsi HarpaeneHa Ha docmuxeHue 08yx uerneu:
a) paspabomamb HOBYI cUCMeMy OUEHKU pUCKO8 Or1s1 aHau3a pexumos
u nocrnedcmeuti cboes (FMEA) ¢ ucrnonb3o8aHUeM UHMYUUUOHUCMCKUX
Heuemkux MHoxecme (MIHM); 6) oueHumb riomeHuuarsbHblie ¢hakmophbl
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pucka unu cboes, ¢ KOMOPbIMU CMAasIKUBAKMCs 8y3bl Mpu obecrnedyeHUU
8bICOK020 kKavyecmea KBO e ycriosusix yemeepmol poMbILUIEHHOU
pesornroyuu (14).

MemoOdbi: B cmambe ucrofnb3yemcsi MHO20KpumepuanabHas Mooerib
npuHamusi  peweHuli  (MKMIIP), ocHoeaHHasi Ha  CcpasHeHUU
parxupoeaHHbix kpumepues (COBRAC), ¢ azpezayueti Dombi Ha ocHoge
IFS epynnosoeo npuHsamMus peweHuli Ornsi  pa3pabomKu HO8020
pacwupeHusi cucmembl FMEA. B 0OaHHOU cmambe rnpednazaemcsi
UHHOBAUUOHHbIU rodxoo, 3aknodarowutics 80 eHedpeHuU
0Q0rMoHUMEsbHO20 U3MEPEHUST OMKa30oycmou4yu8ocmu 8 KracCu4yecKyto
molenb FMEA. Budbi omka3os (FM) ornpedenisitomcss ¢ moyku 3peHust
ampubymoe KBO. B 3akmodeHuu cmambu rpogedeHa eanudayusi
docmogepHOCMU  [O/TyYEeHHbIX — pe3ynbmamos [ymeM CpasHeHUsi
Heckornbkux modenel MKMIIP u aHanusa yyscmeumerbHocmu.

Pesynbmamel: Ha ocHo8aHUU MHeHUs1 23 3KCrepmos 8bIsi8IeHb!
OoMuHuUpytowue cakmopbel pucka: amudeckue eonpockl (FM-9),
UHgbpacmpykmypHbie ogpaHudeHusi (FM-2) u Hexeamka cpedcme (FM-6).

Bbisod: B cmambe noddepkugsaemcsi HeobxoOumocmb CO30aHUst
uesnocmHol 3KocucmeMbl C UCIMO/Ib308aHUEM UMEHOUUXCST Pecypcos.
HaHHoe uccrnedosaHue co0epum HECKOMbKO HOBWECMS, MaKux Kak
pacwupeHue FMEA 3a cuem dononHuUmesibHo20 USMEePEHUs U agpea2ayuu
IFS-Dombi ¢ ucnonb3osaHuem modenu COBRAC dna FMEA, a makxe
UHHOBaUUOHHbIU nodxo0 k oueHke puckos KBO, komopbie 6ydym
ronesHbiMu 07151 11Ul, MPUHUMAaKWUX peweHus, u uccriedosamerned.

Knrouessle criosa: kadecmeo ycnye, ebicuuue y4ebHbie 3asedeHusi, FMEA,

UHMyuyuoHuUcmckoe Hedemkoe wMHoxecmeo, COBRAC, azpeesauyus
Lombu.

HoBu nHTynctuykm pacnnmHytn ®MEA oksup ca [lombu arperaumjom
3a KBanuTeT ycnyre y nHayctpmjm 4.0 — npymeHa y BUCOKOM
obpasoBamy

Bunnab Buweac®, CaHyue buwesac®, aytop 3a npenucky

2 Yuusepanutet ULPAWN, Panuu, Llapkana, Peny6nvka Nhamja

6 Yuueepantet AmuTu, MocnosHa Lwkona AMUTH,
Kankyta, 3anagHu Bexran, Penybnuka Nuauja

OBNACT: maTemaTuka, onepaumoHa NCTpaxnBama
KATEFOPWUJA (TWIM) YNAHKA: opuriHanHu Hay4Hun pag

Caxemak:

Yeod/yurb: JeOHa 00 8axkHUX 0briacmu Koje ce rnpeucrniumyjy y 4emepmoj
UHOycmpujckoj  pesosniyuyuju  jecme  Keanumem  ycriyea  8UCOKO2
obpasosarba (HSQ), wmo npedcmasrba U3a308 3a BUCOKOWKOSICKE
ycmaHose. Y moM KOHmeKkcmy, o8aj pad uma 080cmpyKu Yurb: da passuje
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HOBU OK8UpP 3a MPOUEHY pu3uKa 3a aHasu3y Ha4uHa U eghekama omka3sa
(FMEA) nomohy uHmyumusHoz ¢hasu ckyrna (IFS), kao u da npoueHu
rnomexyujanHe ¢hakmope puluka Unu omkasa ca Kojuma ce
BUCOKOLUKOJICKE yCmaHo8e cyo4asajy rpu rpy>arby 8UCOKOe2 Keanumema
y yuemespmoj uHdycmpujckoj pesosyuuju (14).

Memode: Y pady je kopuwheH Modes suweKkpumepujyMckoe o0ryqusara
(MCDM) kao wmo je nopehere paHaupaHux kpumepujyma (COBRAC) ca
Hombu aepeesayujoM 3acHO8aHOM Ha UHMYyUumMueHOM ¢ba3u CKyrny 3a
epyrnHo o0ryqusaH-e padu pa3eujaH-a Hoge ekcmeH3uje memode FMEA.
lMpednoxeH je uHOBamueHU MApucmMyn Koju yKkibydyje meuwkohy
KOHmMpornucarma kao 0o0amHu Kpumepujym y KrnacudyHu moden FMEA.
Hauyunu omka3sa (FM) udeHmucbukyjy ce ca cmaHogsuwma ampubyma
HSQ. Takohe, ucnumara je ganudHocm ucxoda ropeheHemM HEeKOIUKO
modenia MCDM u aHarnuse ocemrbugocmul.

Pesynmamu:Ha ocHogy muuwirbersa 23 ekcriepma, y pady ce ymephyjy
OoMUHaHMHU ¢hakmopu pu3uka, Kao Wmo cy emuyka numara (FM-9),
UHgbpacmpykmypHa ozgpaHudyersa (FM-2) u Hedocmamak ¢buHaHCUjCKUX
cpedcmasa (FM-6).

Sakrbyyak: Y pady ce Haenawasa nompeba 3a KpeupaHeM Xo/IUCMUYKoe
ekocucmema ca pacriofioxxusum cpedcmeuma. Cmyduja y passojy
npednaxe HEKOMUKO HOBUHA KOPUCHUX 3a JQoHocuoue odnyka u
ucmpaxueade, Kao wWmo cy fpowupusarse memode FMEA dodamHum
Kpumepujymom u [Jombu azpesauyujomM Ha OCHO8y UHMyumugeHoz ¢hasu
ckyna, kopuwhemwe modena COBRAC 3a FMEA, kao u uHosamueHu
rpucmyin npoueHuU pusuka 3a HSQ.

KrbyuHe peyu: keasiumem ycriyee, 8UCOKOWKOIICKe ycmaHoge, FMEA,
uHmyumueHu ¢pasu ckyrn, COBRAC, [Jombu azpezayuja
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