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A B S T R A C T

In recent years, both information technology (IT) labor demand and IT job characteristics have been signifi-

cantly influenced by the advent of Industry 4.0 (I4.0) and the digital age. The higher education sector is

expected to upgrade itself with such progress and train graduates capable of meeting the new industry

requirements. However, due to the present demand gap, universities are seeking to identify the skills new

digital workers are expected to have. As we live in the digital age, the literature has failed to address the

questions of the consequences for individual workers adequately. Considerable scientific efforts should be

made to design certain curricula and training programs that could nurture digital competencies (DC). There

is a need to construct an inclusive framework of the term. In addition, different options exist for studying the

DC of the workforce in relation to human resources management (HRM). The current paper attempts to fill

the gap by developing an integrated decision-making framework. The paper aims to introduce an innovative

discrimination measure and discuss its elegant properties. A Measurement of Alternatives and Ranking

according to the COmpromise Solution (MARCOS) framework for evaluating the MCDM problem on a fuzzy

set has been developed based on it. On the other hand, the new methodology of the PF-entropy-RS weight

technique is used to compute the criteria weights or significance degrees of criteria. Then, the MARCOS

method is a new elegant approach to handle the MCDM problems. Thus, in this study, we have developed a

new approach to the multi-criteria decision-making (MCDM) method using the PF-entropy-RS and PF-MAR-

COS methods and further implemented for the evaluation of the competencies of the future workforce for

digital technologies implementation in higher education. It helps to calculate the objective/subjective

weights of criteria to evaluate the competencies of the future workforce for digital technologies implementa-

tion in higher education; then, the approach is used to assess the preferences of higher education institutes

over different competencies of the future workforce for digital technologies implementation in higher educa-

tion. An empirical case study is carried out in this paper for the evaluation of the most important competen-

cies of the future workforce for digital technologies implementation in higher education. In addition, to

evaluate the performance quality of the proposed framework, this study also involves some comparison and

sensitivity analyses. This study found that data and information processing has emerged as the most impor-

tant competencies of the future workforce for digital technologies implementation in higher education. The

ability to interact with modern interfaces is the second most important competency of the future workforce

for digital technologies implementation in higher education. In conclusion, the workforce responsible for

implementing digital technologies in higher education will significantly impact students’ learning experien-

ces. As technological advancements continue, higher education institutions will require skilled professionals

with diverse digital expertise to manage and integrate these technologies successfully.

© 2023 The Authors. Published by Elsevier España, S.L.U. on behalf of Journal of Innovation & Knowledge. This

is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords:

Digital technologies

Digital transformation

Competencies

Digital age

Multi-criteria decision-making

Future workforce

JEL codes:

I23

D8

D81

Q55

C44

I2

Introduction

In recent decades, the term ‘competency’ has appeared in many

situations and different domains. This term has not only been widely

discussed in the work setting and educational subjects, but also it has
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been a great concern in individuals’ personal and societal lives (Barth

et al., 2007). Tremendous societal changes, the technology develop-

ment, and the globalization phenomenon have caused novel chal-

lenges, e.g., the growth of societal diversity, growth of

individualization, expansion of cultural and economic uniformity, the

generation of massive information, and the increase of complexity

and uncertainty (Rychen & Salganik, 2001). According to Campion et

al. (2011), competence refers to the “collections of knowledge, skills,

abilities and other characteristics that are needed for effective perfor-

mance in the jobs in question” (Campion et al., 2011; Shippmann et

al., 2000; Rodriguez et al., 2002; Schlegel & Kraus, 2023). The Fourth

Industrial Revolution (Industry 4.0) requires company staff to con-

centrate on creative, innovative, and communicative activities. In this

context, workers are expected to be capable of performing more

complicated and indirect tasks, for example, working with collaborat-

ing robots and machines (Levy & Murnane, 2013). In addition, they

must deal with information produced in real-time and higher quanti-

ties of data and be able to communicate with machines (Gehrke et al.,

2015). Though, machines often perform repetitive tasks (Lanza et al.,

2015). The challenge is that there is still no agreement on the defini-

tion of important competencies, and no strategy has yet been estab-

lished clarifying the way the approach of competence acquisition

could be incorporated into higher education (Barth et al., 2007). Gen-

erally, competencies might be characterized as dispositions to self-

organization, which comprise a variety of psycho-social components.

Individuals could slowly obtain these competencies in various

phases, which could finally be reflected in performing required activ-

ities successfully. Moreover, the term ‘key competency’ is highly

important since it characterizes a qualitative extension mentioning

the special importance of particular competencies (Busulwa et al.,

2022).

Key competencies could be thought of as important to all individ-

uals in their various spheres of life (Alm et al., 2022; Rychen & Salga-

nik, 2003; Yang, 2023). Remember that key competencies are not a

substitute for domain-specific competencies essential for acting suc-

cessfully in particular conditions and contexts. Key competencies

bear a different and wider focus; they pool various competency clas-

ses and are positioned transversely to them. These types of compe-

tencies are consisted of various domain-specific capabilities and

identify the most significant competency areas. To deeply understand

the key competency concept, there is a need for a comprehensive def-

inition of the term and information regarding the key competencies

of certain significance. It is worth mentioning that any attempt to

compile an all-inclusive scheme regarding all possible and essential

key competencies will fail immediately because such a list must ter-

minate unpredictably (Weinert, 2001). Thus, employees are required

to be well-engaged in lifetime learning to achieve new competencies

that are necessary for being well-adapted to the rapidly-changing

work environment (Carnevale & Smith, 2013; Cascio & Montealegre,

2016; Oberl€ander et al., 2020). In fact, the literature shows a break

between the existing and the required digital competencies (DC) of

the workforce (Ancarani & Di Mauro, 2018; Janssen et al., 2013). As

reported by Arnold et al. (2016), more than 60 % of the interviewed

workers pointed out that they were continually required to raise

their competencies at the worksite due to the rapid emergence of

technical innovations. Although employers and policymakers have

shown to be aware of this issue, the literature still lacks scientific

research concentrating on workers’ DC (Murawski & Bick, 2017).

The ongoing digitalization has hugely affected people’s everyday

social lives; beyond that, innovative technologies have also tremen-

dously impacted the way people work (Murawski & Bick, 2017;

Zaphiris & Ioannou, 2015). Both hardware and software employed in

specialized settings are continuously improved to offer higher effi-

ciency and make jobs easier. This condition has led to the growth of

the use of digital ICT. The majority of worksites need individuals to

hold at least basic DCs (Gallardo-Echenique et al., 2015). In the

guidelines of the European Parliament and the Council, competence

was described as a combination of skills, knowledge, and attitudes,

and DC was defined as “the confident and critical use of Information

Society Technology for work, leisure and communication” (Søby,

2013).

In the path towards developing key competencies, higher educa-

tion must reorient the learning processes as a core task. To this end,

there is a need for a “new learning culture” (Barth et al., 2007) that

can move away from a learning-based system into an “enabling-ori-

ented, based on self-organization and centered on competence”

(Erpenbeck & Rosenstiel, 2003). In this sense, Arnold and Lermen

(2005) highlighted the need for establishing an “enabling didactic”,

aiming to provide professional training and promote personality

development and make individuals capable of coping with compli-

cated situations, acting upon reflection, and making effective deci-

sions accordingly. In addition, the concept of enabling didactic seeks

to make individuals capable of taking on responsibility, considering

ethical standards when acting, and judging the consequences.

Higher education is experiencing a rapid evolution in its role in

modern society; owing to globalization and its related issues, a

desired student is defined as a student who can succeed within a var-

ied and interrelated economy (Di Pietro et al., 2015; Huang, 2017).

Today, the principal objective of graduate programs is preparing stu-

dents for a globalized world (Di Pietro, 2015; Islam & Stamp, 2020;

Zevallos, 2012). As a result, to stay competitive in the present world,

higher education needs to support students to learn many relevant

competencies (Zevallos, 2012) successfully.

Industry 4.0 (I4.0) (Galaske et al., 2018; Kagermann et al., 2013;

Kargas et al., 2022; Lista Rossetti et al., 2023) designates the future

production systems that are impacted by digital manufacturing tech-

nologies. I4.0 aims to provide consumers with individualized items in

small consignments (instead of the conventional mass production

system) by enabling an adaptive production procedure and optimiz-

ing the value chains and value-added networks (Galaske et al., 2018).

Although automation is implemented increasingly in the industry,

the human factor still has a considerable role in I4.0, particularly in

making production processes highly flexible.

At the present time, the higher education sector faces a paradigm

shift (Gosselin et al., 2013, 2016). Several articles have maintained

that this sector requires employers to be able to satisfy future work-

force demands (Jackson & Meek, 2021; Rotatori et al., 2021). Higher

education is now facing a specific challenge to enhance students’

competency, including creativity, collaboration, communication, crit-

ical thinking, innovation, problem-solving, and self-management

(Ferreras-Garcia et al., 2021; Martha et al., 2021), which are recog-

nized as the “21st-century skills” or 21st-century competencies. The

competencies approach implemented worldwide a few years ago in

teaching/learning activities originated from the social changes that

occurred during the recent decades. Though, that approach termi-

nates with the rapid advent and expansion of globalization. In fact,

some instances of this digital revolution include the continuous revi-

talization of ICT, the exponentially-increasing volume of data, the

implementation of various data resources and digital media and their

extraordinary utilization (Basilotta-G�omez-Pablos et al., 2022), the

call for learning stages that can provide distance teaching/learning

and the initiation of emergency remote teaching (ERT) (Trust &

Whalen, 2020) accelerated by the COVID-19-induced health emer-

gency.

Nowadays, a key challenge the higher education sector faces is

how to properly prepare students to satisfy future demands for the

workforce (Bellanca & Brandt, 2010; Craps et al., 2022; Zemsky,

2009). Both policymakers and business practitioners are asking

schools and higher education institutions to grow twenty-first-cen-

tury competencies in their students. Such competencies are consid-

ered a basis for both collective and individual success in the

workplace; however, many employers have reported considerable

L. Mei, X. Feng and F. Cavallaro Journal of Innovation & Knowledge 8 (2023) 100445

2



shortages of these skills. For that reason, business leaders and educa-

tional organizations have emphasized the need for novel education

policies aiming to develop wide and transferable knowledge and

skills.

Therefore, DC has been highly important in educational contexts;

it is one of the most important competencies teachers need to suc-

ceed. Most of the approaches/models are concentrated on the pre-

university levels, although the academic community is increasing

interest in recognizing the DC level of university teachers. This attri-

bute generally refers to the skills, understanding, and outlooks a

teacher requires to implement the available technologies effectively.

This is the way DC has recently attained high significance in the edu-

cational context (Tejada & Pozos, 2018). There are two main reasons

for this trend: 1) the technology implementation has gotten into a

routine, and 2) the individuals’ professional progress is largely

dependent on the efficient implementation of ICT. As per Cabero-

Almenara et al. (2020), in future societies, DC is a key competency

that people, generally, and teachers, particularly, need to master.

The literature consists of evidence indicating that teachers have

modest levels of DC (Guill�en-G�amez & Mayorga-Fern�andez, 2020;

Romero-Rodríguez et al., 2019). Such skills include solving emerging

problems in the workplace through ICT, working with others through

a network, and implementing 2.0 tools for evaluation purposes. In

addition, the above list was added by Blayone et al. (2018) with social

competence, technical competence, informational competence, as

well as epistemological competence; the last item has been reported

to be the poorest one. According to Basantes-Andrade et al. (2020),

unlike age, gender does not influence the individuals’ level of DC

(Cabero-Almenara et al. (2021). Findings have shown that teachers

aged between 30 and 49 years and those who have 4−14 years of

experience demonstrate higher levels of DC.

Along with the serious change to the challenges, potentials, and

requirements of industrial companies, the competencies they need to

survive in the future market have changed, too (Hirsch-Kreinsen,

2014). Workforce competencies are key to succeeding in the current

extremely innovative and connected industry (Gehrke et al., 2015).

This could be achieved by focusing on providing the (future) work-

force with the essential competencies (Gehrke et al., 2015). Review-

ing the literature related to the industry shows a focus on the content

of educational intuitions (Enke et al., 2018). For this concept to be

well developed, first, there was a need for the evaluation of the com-

petencies the future workforce needs to have to survive in the digita-

lization era. This study reviewed the existing literature to determine

the competencies the future workforce requires to implement digital

technologies in higher education effectively.

To make use of the efficiency and flexibility of PFSs, this study

introduced a new discrimination measure with well-designed char-

acteristics. Accordingly, the MARCOS framework was constructed in

order to assess the MCDM problem on PFSs. In addition, this study

used the novel method of PF-entropy-RS weight to find a technique

for the calculation of the weights or significance degrees of the crite-

ria. MARCOS is, in fact, an innovative approach designed to deal with

MCDM problems in an effective way. For that reason, the current

paper developed a novel approach to MCDM using the PF-entropy-RS

and PF-MARCOS methods and further implemented it to evaluate the

competencies of the future workforce for digital technologies imple-

mentation in higher education. In the following, the main objectives

of this study are presented as

& To perform survey research using current literature review and

interviews with experts to identify the competencies of the future

workforce for digital technologies implementation in higher edu-

cation.

& To develop an inclusive framework for the identification of the

competencies of the future workforce for digital technologies

implementation in higher education.

& To propose an integrated decision-making approach on PFSs using

the PF-entropy-RS and PF-MARCOS models to rank the institutes

and analyze and assess the competencies of the future workforce

for digital technologies implementation in higher education.

& The PF-entropy-RS approach is applied to evaluate and rank the

competencies of the future workforce for digital technologies

implementation in higher education.

& To present the sensitivity and comparison analyses to confirm the

robustness of the introduced PF-entropy-RS-MARCOS methodol-

ogy.

The remainder of this paper is provided in the following way: Sec-

tion 2 presents the literature review related to the competencies of

the future workforce for digital technologies implementation in

higher education. Section 3 provides the proposed PF-entropy-RS-

MARCOS method and the fundamentals of PFSs. Section 4 presents

the results of the study, the case study, the sensitivity investigation,

and the comparative study. At last, section 5 discusses the conclu-

sions of the study.

Future workforce competencies for digital technologies in higher

education

Notwithstanding the desires of the academic community for the

development of a workforce capable of delivering across-sectors

skills, the question of ‘how to implement’ has still remained a chal-

lenge. A factor that may have contributed to this challenge is the fact

that in the past, there was a tendency to strengthen the workforce

only through formal professional education programs; although, the

workforce needs strategies for continuously supporting and evaluat-

ing the competency development, maintenance, and progression a

daily basis over time (Barbazza et al., 2015; Levkovich, 2015). Even in

cases where the workforce’s competency is continuously developed

and assessed, there are still several challenges for reinforcing the

competency across companies; there is a need for system-wide

change with the alignment of operations, planned partnership work-

ing, and developing and assessment the competency in all of the care

sectors.

According to Nicholson et al. (2013) and Barbazza et al. (2015), it

is necessary to provide qualified competency development programs

and evaluation processes under widely-accepted standards. The liter-

ature consists of several examples of innovations in the development

of qualified programs; however, it lacks enough research on how

people’s competencies can be evaluated effectively. Kiljunen et al.

(2019) attempted to identify the challenges arising when employing

self-assessment as a competence measure for nurses. They also con-

sidered the difference between manager-assessed and self-assessed

competency; however, the cross-sector assessment was not consid-

ered. Thomson et al. (2018) highlighted several inconsistencies across

organizations in terms of how care certificates are used, while the

cross-sector assessment was not investigated. Their study included

the differences in the ways training is delivered and staff’s competen-

cies are evaluated. According to Thomson et al. (2018), inconsistency

between organizations undermines the portability and credibility of

the Care Certificate. After reviewing the quality improvement tools,

Varkey et al. (2007) suggested that audits and feedback could greatly

help identify the variations and gaps in competencies. They focused

on the implementation of improvement tools to evaluate competen-

cies; however, they failed to clarify the way these are related to the

evaluation of the competencies of individuals who work in a cross-

organizational context. As suggested by Lockyer (2003), multi-source

or 360-degree assessments can effectively assess the individuals’

competencies by considering interpersonal and communication

skills, systems-based practices, and professionalism. On the other

hand, these assessments were shown to be less appropriate for the
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evaluation of clinical and practice-based competencies. In the context

of Australia, Palermo et al. (2015) studied the dietician graduates’

experiences of competency evaluation, which revealed that the com-

petence evaluation within work-based settings might suffer from

subjectivity and inconsistency mainly due to the implementation of

different standards across sites. According to Cusack and Smith

(2010), competency evaluation could face some challenges where

perceived power inequalities exist as a consequence of a complicated

workforce environment, healthcare cultures, and professional hierar-

chies.

There are several blogs in higher education with the objective of

developing linguistic, digital, and interpersonal competencies (Neira

Pi~neiro et al., 2013). According to Esteban, (2017), the utilization of

video positively affects the attainment of DC. They also maintained

that in cases where videos are utilized as learning objects, the indi-

viduals’ informational competencies enhance. In another research

(Ruiz Cabezas et al., 2020), it was revealed that teachers were inter-

ested in integrating DC into teaching practices and materials and gen-

erating a context for professional development.

Even with such discussions, until the early years of the 1990s, the

literature has witnessed relatively little attention to the concept of

competency. It became more important when (Prahalad & Hamel,

1997) published their influential study on core competencies. After

that, it became a dominant concept in Dutch organizations/companies.

Remember that the Dutch economy is widely known as the knowl-

edge economy. Flexibility was recognized as the key to balance in the

debate on curricula and education (van Zolingen, 1995); numerous

scholars and practitioners have indicated that it was neither desirable

nor realizable to directly translate the demands of the labor market

into educational curricula. The concept of key qualifications was intro-

duced by Mertens (1974) in the 1970s in Germany. This concept is

mainly concentrated on the skills, understanding, and outlooks

required for individuals to perform flexibly in a certain occupational

domain. Then, in the last years of the 1990s, the key qualifications

concept gradually made the stage ready for the concept of competen-

cies that was about teachable and learnable attributes indicating the

individuals’ aptitudes for performing different human activities, for

instance, working, learning, and adapting with changes. Higher educa-

tion has increasingly appeared as a sector; thereby, the focus was

shifted to competencies such as problem-solving, teamwork, analyti-

cal capabilities, and creativity. Such competencies were regarded as

the characteristics of a graduate who is competent and employable.

The digital age and I4.0 substantially impact both information

technology (IT) job characteristics and IT labor demand. The manag-

ers in the higher education sector need to cope well with the situa-

tion by producing graduates equipped with the quality and

preparation so that the industry requirements can be well satisfied.

However, given the present demand gap, universities show enthusi-

asm to first know the skills that IT-related industries require new dig-

ital workers to have. Currently, the world is going through the 4th

industrial revolution; this age has witnessed an increase in both the

volume and worth of knowledge with a high level of accessibility

(Baller et al., 2016). The huge changes that have occurred in consum-

ers’ consumption and the quick development of technology have

affected the business evolution (Buhalis & Amaranggana, 2013; Lab-

recque et al., 2013; Ritzer & Jurgenson, 2010) and caused the emer-

gence of many novel business models in different sectors. For

instance, Airbnb1, which has newly appeared in the travel and tour-

ism context, employs the concept of sharing accommodations, which

can provide income to owners; in addition, the transportation busi-

ness has recently provided increased choices to customers with the

idea of ride-sharing. The business evolution has injected high flexibil-

ity into jobs in this context. Such changes have directly impacted the

IT workforce’s job characteristics (Gretzel et al., 2015; Leahy & Wil-

son, 2014).

I4.0 designates the future production vision that is under the

influence of digitalization. Even with the growing degree of automa-

tion, human factors greatly affect the facilitation of a production pro-

cess of high flexibility. It causes the workforce to have new

requirements through novel technologies, organizational forms, and

workflows. The workforce managers have to take into consideration

novel competencies required in the era of I4.0 and digitalization. The

increasingly developing assistance systems require the workforce to

be well-trained in properly interacting with and handling these sys-

tems.

Such digital transformation also results in an increase in the

organizational/technological complexity of manufacturing (Schuh

et al., 2014). The changes that occurred to the challenges, potentials,

and requirements of industrial firms caused a great change to the

competencies of the workforce working in the industry sector

(Hirsch-Kreinsen, 2014). In greatly innovative and connected facto-

ries, the worker’s and employees’ competencies are a critical key to

success (Gehrke et al., 2015). There is a need to emphasize training

the (future) workforce to achieve the company’s potential in the

future market (Armstrong & Taylor, 2020). Scholars and practi-

tioners believe that educational intuitions’ focal points and contents

have changed significantly (Enke et al., 2018). DC refers to some

basic knowledge, capabilities, skills, and other features enabling

individuals at work to do their tasks efficiently and successfully. We

selected the term ‘digital’ since this is a moderately wide-ranging

term that encompasses any type of ICT, digital media, applications,

and devices used at work, at the present time, and in the future.

However, according to above discussions, in this study, we have

identified several competencies of the future workforce that are:

C1: IT/ ICT competencies, C2: Innovation capability, C3: Working in

interdisciplinary environments, C4: Analytical skills, C5: Implementa-

tion of ideas in the shop floor, C6: Conflict solving self-and time man-

agement, C7: Social intelligence, C8: Creativity, C9: Exchange of

opinions and ideas, C10: Commitment to lifelong learning, C11: Ability

to communicate about complex problems, C12: Generic knowledge for

production and technologies processes, C13: Mindset for building and

maintaining networks of experts, C14: Personal flexibility, C15: Problem

solving, C16: Data and information processing, C17: Collaboration

skills, C18: Decision making, C19: Teamwork, C20: Value-driven man-

agement style, C21: Ability to solve complex concepts for realistic work

packages use by appropriate people, C22: Ability to interact modern

interfaces, C23: Encouragement taking new routes, C24: Understanding

of interrelations technological components and C25: Process under-

standing.

The proposed PF-entropy-RS-MARCOS methodology

The characterization of the intuitionistic fuzzy sets (IFSs) theory is

based on the degrees of belongingness and non-belongingness with

their sum bounded to 1 (Atanassov, 1986). In the decision-making

problem, some conditions may appear where the decision experts

(DEs) provide a value of 0.8 if an alternative fulfills the criterion and a

value of 0.5 if the alternative dissatisfies the criterion. In such condi-

tions, 0:8þ 0:5>1; as a result, IFS cannot be used to cope with such a

situation (Yager, 2014; Rani et al., 2020a). To find a solution to this

problem, Yager (2013) initiated the idea of Pythagorean fuzzy sets

(PFSs). Therefore, PFSs could be more relied upon compared to IFSs

when describing the nature of ambiguity. In recent years, the com-

plex proportional assessment (COPRAS) method was developed by

Alipour et al. (2021) under PFSs for the assessment of fuel cell and

hydrogen components suppliers. In another study, a new PF-WASPAS

method with frank aggregation operators was proposed by Wang

and Zhang (2022) for cloud computing product selection. With the

use of the PF-CoCoSo approach, Liao et al. (2020) assessed and priori-

tized the cold chain logistics distribution centers. Mishra et al. (2022)
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studied a similarity measure-based additive ratio assessment (ARAS)

framework for assessing biomass crops from sustainable perspec-

tives.

For the sensible aggregation of prioritizations, the “measurement

alternatives and ranking based on the compromise solution (MAR-

COS)” approach was given by Stevi�c et al. (2020), which comprises as

(i) considering “ideal solution (IS)” and “anti-ideal solution (AIS)” as

reference points, (ii) setting up the relationship between options and

IS/AISs, (iii) expressing the “utility degree (UD)” of each option in

association to ISs and AISs. Chakraborty et al. (2020) proposed a

hybridized D-MARCOS method for solving the supplier selection of

the iron and steel industry. Bakır and Atalık (2021) combined the

analytic hierarchy process and MARCOS methods with fuzzy numbers

to handle the uncertainty of the e-service evaluation problem. Ali

(2022) studied a hybrid score function-based q-rung orthopair fuzzy

MARCOS methodology for assessing the solid waste management

system. An integrated MARCOS method based on prospect theory

and the neutrosophic cubic set has been introduced by Fan et al.

(2022) to solve the MCDM problems. Thus far, there is no study

regarding a hybrid PF-entropy-rank sum-MARCOS methodology

from a Pythagorean fuzzy perspective for the evaluation of the com-

petencies of the future workforce for digital technologies implemen-

tation in higher education.

In the subsection, we present some fundamental ideas related to

the PFSs.

Definition 1. (Yager, 2013, 2014). Assume that Y be a fixed set. A PFS

X on Y is defined in the following mathematical form:

X ¼ h yi; mX yið Þ; nX yið Þð Þ i

�

�

�

�

yi 2Y

� �

; ð1Þ

where mX : Y! ½0;1� and nX : Y! ½0;1� denote the membership and

non-membership degrees of an object yi 2Y to the set X, respectively,

satisfying the condition that 0�
�

mXðyiÞ
�3

þ
�

nXðyiÞ
�3

�1: For a PFS X

in Y; the degree of indeterminacy (or hesitancy) of yi 2Y is given

aspXðyiÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1�m3
XðyiÞ � n3XðyiÞ

3

q

: For convenience, the term
�

mXðyiÞ;

nXðyiÞ
�

is called as a Pythagorean fuzzy number (PFN) and repre-

sented by & ¼ ðm& ; n&Þ; where m& ;n& 2 ½0;1� and 0�m3
& þ n3&�1 (Zhang

& Xu, 2014).

Definition 2. (Wu and Wei, 2017). For a PFN & ¼ ðm& ;n&Þ; the modi-

fied score and accuracy functions are as

S hð Þ ¼ 0:5 mh

� �2
� nh
� 	2


 �

þ 1


 �

;H hð Þ ¼ mh

� �2
þ nh
� 	2

: ð2Þ

Definition 3. (Yager, 2013, 2014). Let & ¼ ðm& ; n&Þ;&1 ¼ ðm&1
;n&1 Þ and

&2 ¼ ðm&2
; n&2 Þ be three PFNs. Then, the different operations on PFNs

are given by

&c ¼ n& ;m&

� 	

;

&1 � &2 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

m2
&1

þm2
&2

�m2
&1
m2

&2

q

;n&1n&2

� �

;

&1 � &2 ¼ m&1
m&2

;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n2&1 þ n2&2 � n2&1n
2
&2

q� �

;

l& ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� 1�m2
&

� �l
r

; n&
� 	l

 !

;l>0;

&l ¼
�

ðm&Þ
l
;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� ð1� n2&Þ
l

q
�

;l> 0:

Definition 4. (Zhang and Xu (2014). Let &1 ¼ ðm&1
;n&1 Þ and &2 ¼ ðm&2

;

n&2 Þ be three PFNs. Then a distance measure between &1 and &2 is

given as follows:

D &1; &2ð Þ ¼
1

2

�

�

�

�

m2
&1

�m2
&2

�

�

�

�

þ

�

�

�

�

n2&1 � n2&2

�

�

�

�

þ

�

�

�

�

p2
&1

� p2
&2

�

�

�

�


 �

: ð3Þ

Next, this section develops the PF-entropy-RS-MARCOS method

for solving MCDM problems from a Pythagorean fuzzy perspective.

This method involves the following steps (see Fig. 1:

Step 1: Generate a “linguistic decision-matrix (LDM)”.

A set of l DEs A ¼ fa1; a2; :::; al g has to choose the most optimal

alternative from a set of m optionsH ¼ fh1; h2; :::; hmg with respect to

n criteria/attributes U ¼ fu1;u2; :::;ung; respectively. Assuming the

ambiguity of human behavior and lack of information about the

options, the DEs give “linguistic values (LVs)” to assess his/her opin-

ion on option hi over an attribute cj. Assume that ZðkÞ ¼ ðξ
ðkÞ
ij Þm�n; i ¼

1ð1Þm; j ¼ 1ð1Þn be the LDM provided by set of DEs, in which ξ
ðkÞ
ij

refers to the linguistic performance value of an option given by kth

expert.

Step 2: Compute the weights of DEs

The formula for the computation of DEs’ weights is given as fol-

lows:

$k ¼
1

2

m2
k 2�m2

k � n2k
� 	

P

l

k¼1m
2
k 2�m2

k � n2k
� 	þ

l � rk þ 1
P

l

k¼1 l � rk þ 1ð Þ

 !

; k ¼ 1 1ð Þl : ð4Þ

Here,$k�0 and
P

l

k¼1

$k ¼ 1:

Step 3: Make the “aggregated PF-decision matrix (A-PF-DM)”.

The A-PF-DM is created using the “PF-weighted averaging

(PFWA)” operator and we get A ¼ ðjijÞm�n; where

ξ ij ¼ mij;nij
� �

¼ PFWA$ ξ
1ð Þ
ij ; ξ

2ð Þ
ij ; :::; ξ

lð Þ
ij

� �

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1�
Y

l

k¼1

1�m2
k

� 	$k

v

u

u

t

;

Y

l

k¼1

nkð Þ$k

0

@

1

A

: ð5Þ

Step 4: Proposed PF-subjective and objective weighting approach.

This process involves three cases:

Case I: Objective weights by entropy formula.

To derive the objective weights of criteria, the entropy model is

extended under the PFS environment as

wo
j ¼

Pm
i¼1 1� P ξ ij

� 	� 	

Pn
j¼1

Pm
i¼1 1� P ξ ij

� 	� 	� 	 ; ð6Þ

where,

P ξ ij

� 	

¼
P ξ ij

� 	

maxi¼1;:::;mP ξ ij

� 	 ; j ¼ 1 1ð Þn; ð7Þ
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P jij

� �

¼
1

n 1� exp �1
2

� 	� 	

X

n

i¼1

1� exp �
n2ij þ 1�m2

ij

2

 ! !( )

I
m2

ij
�n2

ij

� 
 þ 1� exp �
m2

ij þ 1� n2ij
2

 ! !( )

I
m2

ij
<n2

ij

� 


" #

: ð8Þ

Case II: Subjective weights using the rank sum (RS) model.

Here, the use of the subjective weighting system helps reflect the

decision-makers’ thoughts and intrinsic values (Stillwell et al., 1981;

Hezam et al., 2022). The RS model aids the DEs in allocating the rank-

ing values to the selected criteria. Eq. (9) can be used to find the

weight ðws
j Þ

ws
j ¼

n� rj þ 1
Pn

j¼1 n� rj þ 1
� 	 ; ð9Þ

where rj signifies the rank of jth criterion, j = 1(1)n.

Case III: Obtain the combined weight of criteria using the PF-entropy-

RS model.

Based on objective and subjective weights, the combined weight-

ing formula is given as follows:

wj ¼ gwo
j þ 1� gð Þws

j ð10Þ

where g 2 ½0; 1�is the strategic factor to show the variation of attri-

bute weights.

Step 5: Construct the “normalized A-PF-DM (NA-PF-DM)

The NA-PF-DM R ¼ ð&ijÞm�n is determined by A ¼ ðjijÞm�n;

&ij ¼ mij;nij
� �

¼
ξ ij ¼ mij;nij

� �

; for benefit criterion;

ξ ij

� 	c
¼ nij; nij
� 	

; for cost criterion:

8

<

:

ð11Þ

Step 6: Estimate the reference points.

We compute the “Pythagorean fuzzy-ideal solution (PF-IS)” and

“Pythagorean fuzzy anti-ideal solution (PF-AIS)” with the use of the

following expressions:

aþ
j ¼

maximij;mini nij

� �

; for benefit criterionub

minimij;maxi nij
� �

; for cost criterionun

for j ¼ 1 1ð Þn;

8

<

:

ð12Þ

a�
j ¼

minimij;maxi nij
� �

; for benefit criterionub

maximij;mini nij
� �

; for cost criterionun

for j ¼ 1 1ð Þn:

8

<

:

ð13Þ

Fig. 1. Flowchart of the proposed PF-Entropy-RS-MARCOS method.
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Step 7: Calculate the “weighted NA-PF-DM (WNA-PF-DM)”.

The WNA-PF-DM Nw ¼ ð&_

ij Þm�n is determined, where

&_

ij ¼ m_

ij ;n_

ij

� �

¼ wj&ij ¼ 1� 1�mij

� �wj

; nij
� 	wj

� �

; j ¼ 1 1ð Þn: ð14Þ

Step 8: Evaluate the score values of the weighted sum of each option

Si ¼
X

n

j¼1

S &_

ij

� �

; i ¼ 1 1ð Þm; ð15Þ

In Eq. (15), Sð&_

ij Þ represents the score values of each element of

the WNA-PF-DM.

Step 9: Evaluate the “utility degree (UD)” of option

u�i ¼
Si

Sais

and uþi ¼
Si

Sis

; ð16Þ

where Sis and Sais signify the sum of score values of weighted values

of aþ
jw and a�

jw, respectively.

Step 10: Identify the “combined utility function (CUF)”.

The CUF is the compromise solution of alternatives associated to

the PF-IS and PF-AIS. Thus, the CUF of alternatives is defined by

f uið Þ ¼
uþ
i þ u�

i

1þ
1�f uþ

ið Þ
f uþ

ið Þ
þ

1�f u�
ið Þ

f u�
ið Þ

; where f uþ
i

� 	

¼
u�
i

u�
i þ uþ

i

and f u�
i

� 	

¼
uþ
i

u�
i þ uþ

i

; i ¼ 1 1ð Þm: ð17Þ

Step 11: Rank the alternatives based on the CUFs. The appropriate

option has the maximum CUF value.

Results and discussion

Case study

The higher education sector is undertaking “technologization”

worldwide (Lea & Goodfellow, 2007). This has different consequen-

ces, for example, the reduction of the governmental financial support

of higher education, the increase of competition due to globalization,

and the affordances of digital technologies (Jones & O’Shea, 2004).

The reason is that it is widely acknowledged that computing and

related technologies are able to enhance the quality of things, espe-

cially with the wide adoption of technology as a dominant power. It

has been particularly reinforced when it is associated with a profu-

sion of research disseminating it through searching for evidence indi-

cating the revolutionary effects of technologies on education (Bigum

et al., 2015). Especially, this is the case when considering the central-

ized higher education system in China. The Chinese government has

consistently put great importance on the mission of digitally trans-

forming the (higher) education in this country. For instance, the

Higher Education Law of the People’s Republic of China and the Edu-

cation Law of the People’s Republic of China oblige the government

to give its support at all levels to the acceptance and implementation

of technology in education, which includes constructing an IT infra-

structure, giving access to and sharing of high-quality educational

resources, and strengthening the process of teaching and administra-

tion. In 1998, the Chinese Ministry of Education (MOE) publicized an

Action Plan for the invigoration of education in its path toward the

21st century (MOE, 1998). The plan called for different things, includ-

ing using the Modern Distance Education Initiative to employ

modern IT in the best way and gain equal access to educational

resources. The latter was particularly important to China since this

country still suffered from an uneven distribution of educational

resources. Then, one year later, the Central Committee of the Chinese

Communist Party and State Council broadcasted the decision made in

regard to deepening the reformation of the education sector and the

promotion of quality-oriented education. Article 15, the law enacted

in this regard, indicates the strong support given by the government

to the process of digitalizing education. Moreover, some years before

that, in 2010, the government had also published the Outline of Chi-

na’s National Plan for Medium and Long-term Educational Reform

and Development (2010−2020). Chapter 19 of the Plan emphasizes

the need for the acceleration of digital transformation, which

includes the acceleration of digital infrastructure construction and

the modernization of contents, methods, and means of instruction;

the development, implementation, and sharing of high-quality edu-

cational sources on a greater scale; rethinking the teaching, improve-

ment of pedagogies, and enhancement of the teaching effectiveness

by means of IT; the encouragement of learners for the utilization of IT

to help them improve their active learning, autonomous learning,

and problem-solving; and the construction of an education informa-

tion management system at a national level for the improvement of

the management effectiveness and also making decision-makers

more informed. Accordingly, MOE (2012) issued its Ten-Year Devel-

opment Plan for Educational Digitalization (2011−2020), setting the

following goals: 1) to narrow the digital divide, 2) to accelerate digi-

talization in vocational education, 3) to upgrade the community ser-

vice capacity, 4) to enhance the education management efficiency, 5)

to share high-quality educational resources, 6) to enhance the life-

long learning system, 7) to support the professional development, 8)

to encourage the integration of IT and higher education, and 9) to

make sure of sustainability.

Up to 31 May 2017, a total of 2914 HEIs existed in China, which

included 2631 conventional campus-based HEIs as well as 283 adult

HEIs. Seventy-five HEIs were affiliated with MOE, around 30 HEIs

were affiliated with other ministries, and the remaining HEIs were

affiliated with the provincial governments or local education authori-

ties. The 13th five-year development plan (2016−2020) of the 75 uni-

versities directly under MOE was selected in this study as the sample

since they are completely accessible at the official website of MOE of

China. Statistics show that the number of internet users in this coun-

try has reached 649 million. In such conditions, the education sector

has been ‘informationized’ and digitalized, which has possessed the

following main characteristics. A total of 530,000 educational institu-

tions exist in China, with around 270 million registered students. In

2014, the online education value in this country exceeded USD 13 bil-

lion, and it was expected to reach up to USD 28.27 billion in 2015.

Such an enormous market fascinated many Internet companies such

as Alibaba, Baidu, and Tencent, as well as many education service

integrators, education equipment and software firms, and educa-

tional institutes.

However, the objective of the present work is to identify the com-

petencies of the future workforce for digital technologies implemen-

tation in higher education. In this regard, in the first stage, the

comprehensive literature review is done to identify the main compe-

tencies of the future workforce for digital technologies implementa-

tion. In the next stage, we have invited 46 teaching and academic

staff recruited from different institutions. The institutions were

invited to participate in this study via email. The anonymity/confi-

dentiality of the participants was also clearly stated. Staff were asked

to complete a questionnaire comprising a total of 50 questions. In

addition, some pieces of necessary background information were

gathered through the questionnaire. Among all, 37 staff preferred to

complete the questionnaire in online mode, whereas nine staff pre-

ferred to complete the print version following a workshop held at

their institutions. Results of this steps of the study indicated that 25
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the competencies of the future workforce for digital technologies

implementation in higher education are important that including;

u1: IT/ ICT competencies, u2: Innovation capability, u3: Working in

interdisciplinary environments, u4: Analytical skills, u5: Implementa-

tion of ideas in the shop floor, u6: Conflict solving self-and time man-

agement, u7: Social intelligence, u8: Creativity, u9: Exchange of

opinions and ideas, u10: Commitment to lifelong learning, u11: Ability

to communicate about complex problems, u12: Generic knowledge

for production and technologies processes, u13: Mindset for building

and maintaining networks of experts, u14: Personal flexibility, u15:

Problem solving, u16: Data and information processing, u17: Collabo-

ration skills, u18: Decision making, u19: Teamwork, u20: Value-driven

management style, u21: Ability to solve complex concepts for realistic

work packages use by appropriate people, u22: Ability to interact

modern interfaces, u23: Encouragement taking new routes, u24:

Understanding of interrelations technological components and u25:

Process understanding.

In general, research design depends on the nature of the research

problem at hand (Creswell, 2002); for the purpose of the current

study, a survey was selected as the method that could meet the

research objectives. Practically, the qualitative approach, as opposed

to the quantitative one, is typically adopted to gain a deep under-

standing of a certain social condition, role, event, group, or interac-

tion within a wider societal context (Cohen et al., 2002; Mills & Gay,

2019). This approach helps to take into consideration ‘the state, prop-

erties, and characteristics of a certain phenomenon (Labuschagne,

2003). The qualitative approach aids the researchers, who are

thought of as insider participants, in comprehending the complexity

of viewpoints, which may even include various ‘voices’ that are

hardly heard or even totally ignored. In this stage, a questionnaire is

designed to include 25 competencies of the future workforce for digi-

tal technologies implementation. To evaluate these 25 identified

competencies, we sent questionnaires to 10 decision experts from

the academic in higher education institutions via email invitations,

and finally, we could collect the data from four decision experts. To

analyze the 25 identified competencies, this study proposed a novel

PF-entropy-RS-MARCOS method. The implementation of the PF-

entropy-RS-MARCOS method is discussed as follows:

Steps 1−3: Table 1 shows the linguistic performance values of DEs

and their corresponding PFNs (Rani et al., 2020a,b). Based on Table 1

and Eq. (4), we have computed the DEs’ numeric weights in Table 2.

According to DEs’ opinions, we have constructed the LDM in Table 3.

Then the A-PF-DM is formed using Tables 1, 2, and Eq. (5).

Step 4: With the use of formulae (6)-(8), we have derived the objec-

tive weights of criteria for the competencies of the future work-

force for digital technologies implementation in higher education

wo
j ¼ (0.0417, 0.0415, 0.0444, 0.0365, 0.0413, 0.0361, 0.0402,

0.0465, 0.0388, 0.0311, 0.0405, 0.0400, 0.0347, 0.0351, 0.0395,

0.0531, 0.0398, 0.0517, 0.0399, 0.0413, 0.0387, 0.0342, 0.0394,

0.0397, 0.0346).

Using the formula (9), the subjective weights of criteria are deter-

mined for the competencies of the future workforce for digital tech-

nologies implementation in higher education (see Table 5).

Based on the combination of objective and subjective weights, the

final weights of criteria are computed for g ¼ 0:5, given as

wj = (0.0470, 0.0315, 0.0299, 0.0228, 0.0222, 0.0550, 0.0555, 0.0325,

0.0379, 0.0394, 0.0233, 0.0369, 0.0296, 0.0329, 0.0482, 0.0596,

0.0437, 0.0428, 0.0484, 0.0537, 0.0394, 0.0556, 0.0505, 0.0260,

0.0388).

Here, Fig. 2 shows the weight values of different competencies of

the future workforce for digital technologies implementation in

higher education g with respect to the goal. Data and information

processing (u16) has emerged to be the most important competencies

of the future workforce for digital technologies implementation in

higher education. Ability to interact modern interfaces (u22) is the

2nd most important competency of the future workforce for digital

technologies implementation in higher education. Social intelligence

(u7) has secured 3rd position, Conflict solving self-and time manage-

ment (u6) has secured 4th position, Value-driven management style

(u20) has 5th most important competencies of the future workforce

for digital technologies implementation in higher education, and

others are considered crucial competencies of the future workforce

for digital technologies implementation in higher education.

Step 5: Since all criteria are beneficial-type criteria, thus, there is no

need to transform the A-PF-DM into normalized form.

Step 6: From Eq. (12)-Eq. (13) and Table 4, the PF-IS and the PF-AIS

for the competencies of the future workforce for digital technolo-

gies implementation in higher education are obtained as follows:

aþ
j = {(0.741, 0.412, 0.530), (0.628, 0.518, 0.580), (0.724, 0.428, 0.540),

(0.665, 0.482, 0.571), (0.764, 0.392, 0.513), (0.664, 0.485, 0.569),

(0.533, 0.598, 0.599), (0.754, 0.405, 0.518), (0.699, 0.461, 0.547),

(0.696, 0.457, 0.554), (0.654, 0.497, 0.570), (0.675, 0.476, 0.564),

(0.624, 0.522, 0.582), (0.683, 0.482, 0.549), (0.714, 0.452, 0.535),

(0.696, 0.457, 0.554), (0.558, 0.578, 0.596), (0.725, 0.430, 0.539),

(0.726, 0.434, 0.533), (0.587, 0.553, 0.591), (0.589, 0.556, 0.587),

(0.631, 0.532, 0.564), (0.692, 0.468, 0.550), (0.660, 0.499, 0.562),

(0.605, 0.546, 0.580)}

aþ
j = {(0.430, 0.681, 0.593), (0.313, 0.777, 0.546), (0.567, 0.579, 0.585),

(0.470, 0.668, 0.577), (0.538, 0.592, 0.600), (0.401, 0.702, 0.589),

(0.366, 0.713, 0.598), (0.469, 0.673, 0.572), (0.560, 0.579, 0.593),

(0.541, 0.594, 0.595), (0.386, 0.702, 0.598), (0.417, 0.677, 0.607),

(0.485, 0.652, 0.583), (0.569, 0.567, 0.596), (0.547, 0.576, 0.608),

(0.370, 0.708, 0.602), (0.372, 0.710, 0.598), (0.386, 0.715, 0.583),

(0.383, 0.712, 0.589), (0.393, 0.704, 0.591), (0.451, 0.675, 0.584),

(0.449, 0.664, 0.598), (0.497, 0.616, 0.611), (0.426, 0.702, 0.570),

(0.387, 0.726, 0.568)}.

Step 7: According to Eq. (14) and Table 4, the weighted NA-PF-DM for

the competencies of the future workforce for digital technologies

implementation in higher education is created and given in

Table 6.

Step 8: Using Eq. (15) and Table 6, the score values of each alterna-

tive, PF-IS, and PF-AIS for the competencies of the future work-

force for digital technologies implementation in higher education

are determined and given in Table 7.

Table 1

Performance ratings of alternatives over criteria

and DEs regarding the LVs.

LVs PFNs

Absolutely good (AG) (0.95, 0.20, 0.240)

Very very good (VVG) (0.85, 0.30, 0.433)

Very good (VG) (0.80, 0.35, 0.487)

Good (G) (0.70, 0.45, 0.554)

Moderate good (MG) (0.60, 0.55, 0.581)

Moderate (M) (0.50, 0.60, 0.624)

Moderate bad (MB) (0.40, 0.70, 0.592)

Bad (B) (0.30, 0.75, 0.589)

Very bad (VB) (0.20, 0.85, 0.487)

Absolutely bad (AB) (0.10, 0.95, 0.296)

Table 2

Weight of DEs to the competencies of the future workforce for digital

technologies implementation.

DEs LVs PFNs Score Rank Weights

a1 G (0.70, 0.45, 0.554) 0.6407 3 0.2156

a2 VG (0.80, 0.35, 0.487) 0.7920 2 0.2928

a3 VVG (0.85, 0.30, 0.433) 0.8580 1 0.3548

a4 MG (0.60, 0.55, 0.581) 0.4815 4 0.1368
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Steps 9−11: From Eqs. (16) and (17), we estimate the utility degrees,

CUFs, and preference order of alternatives which are given in

Table 8. Hence, the prioritization of options is h4\succh1\succh3
\succh2\succh5, and the higher education option-IV (h4) is the best

choice with maximum CUF for the competencies of the future

workforce for digital technologies implementation in higher

education.

Sensitivity investigation

The present subsection presents the sensitivity investigation with

respect to a parameter g. The changing values of g aid in evaluating

the approach sensitivity level, changing from weight values of criteria

from the subjective to the objective assessments of options and their

preferences.

Table 3

The LDM of each option by DEs to the competencies of the future workforce for digital technologies imple-

mentation.

h1 h2 h3 h4 h5

u1 (G,B,VB,M) (MG,MB,B,MB) (G,M,M,MG) (MG,M,G,B) (VG,VG,G,M)

u2 (MB,MB,M,MG) (MB,VB,VB,M) (VG,M,MG,M) (M,MG,M,MB) (VG,MG,MB,M)

u3 (MG,VG,G,M) (G,G,VG,M) (MB,MB,G,MG) (M,VG,MG,M) (VG,M,VG,M)

u4 (M,MG,G,M) (VG,M,G,M) (MB,MB,MG,G) (MB,MG,M,MB) (G,MB,VB,M)

u5 (MG,MG,G,M) (MB,G,G,MG) (MG,MB,M,G) (MB,M,VG,G) (VVG,G,VG,M)

u6 (VG,MG,M,MG) (M,VB,MB,M) (VG,G,M,MG) (G,M,MG,MB) (G,MG,MB,MG)

u7 (M,MG,B,M) (B,MB,B,M) (MB,MG,M,M) (MG,M,MB,G) (G,VB,MB,M)

u8 (MG,VG,VG,M) (M,VVG,VG,M) (MB,M,MG,MB) (M,MG,MB,MG) (G,B,VB,MG)

u9 (MG,MG,G,M) (M,VG,G,MG) (M,MB,G,MB) (MB,VG,MG,M) (VVG,G,MG,M)

u10 (M,VG,G,MG) (B,MG,G,M) (M,MG,MB,G) (MG,MB,MG,G) (VG,M,VB,M)

u11 (MB,MB, B,M) (MG,MB,B,MB) (MG,VG,M,MG) (G,M,MG,G) (MG,MG,M,M)

u12 (M,B,MB,M) (MB,MG,MB,M) (G,VG,M,MG) (VG,M,MG,M) (G,M,MG,G)

u13 (MG,M,G,MG) (M,MG,G,MG) (M,MG,MB,M) (MG,MB,M,MG) (G,M,VB,MB)

u14 (MG,M,G,MG) (M,MG,MG,M) (MB,VG,MG,M) (VG,MG,M,G) (VVG,G,MB,G)

u15 (VG,MG,M,M) (MB,VVG,G,MG) (M,MB,VVG,G) (MB,VG,MG,MG) (G,M,M,MB)

u16 (M,B,B,MB) (M,MB,VB,M) (MG,MG,VG,M) (M,VG,G,MG) (M,MB,B,B)

u17 (B,MB,M,MG) (B,B,MB,M) (MG,MB,M,G) (MB,M,MG,G) (G,M,VB,VB)

u18 (G,VG,G,MG) (MG,VG,G,M) (M,VB,MB,M) (VB,MB,MB,M) (VVG,G,MB,M)

u19 (M,M,G,MG) (MG,VVG,G,M) (MB,MG,M,M) (MG,MG,MB,G) (B,VB,M,MB)

u20 (MB,M,G,MG) (M,M,MG,MG) (MB,VB,M,MG) (VB,M,MB,B) (G,B,VB,MB)

u21 (MG,MB,G,M) (M,M,MB,MG) (M,VB,MB,G) (VB,MB,MG,B) (G,M,VB,VB)

u22 (MB,G,B,MG) (MG,B,MB,M) (VVG,MG,MB,M) (MG,B,G,B) (G,MG,B,MB)

u23 (M,B,M,G) (G,MB,VG,G) (G,MG,B,MB) (VG,G,M,MB) (VG,G,M,MG)

u24 (MG,MG,VB,G) (G,VB,MB,MG) (VG,G,MB,MB) (VG,MB,G,MG) (G,B,VB,B)

u25 (VG,MG,B,MB) (MG,B,MB,G) (G,G,B,MB) (MG,B,G,G) (MG,B,VB,MB)

Fig. 2. Weight of competencies of the future workforce for digital technologies implementation in higher education.
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Table 9 and Fig. 3 present the results obtained from the sensitiv-

ity investigation. For g = 0.0 to g = 0.5, we obtained the ranking

order as h4\succh3\succh1\succh2\succh5; for g = 0.6 to g = 0.9, we

obtained h4\succh1\succh3\succh2\succh5 and for g = 1.0, we

obtained h4\succh1\succh2\succh3\succh5: Thus, the alternative h4
has secured the best rank for all the values of g , while the h5 has the

last rank for each value of g . Accordingly, the present PF-entropy-

RS-MARCOS has satisfactory stability with respect to many values

of parameter g . Table 9 illustrates that the developed PF-entropy-

RS-MARCOS method can produce preference results in various stra-

tegic parameters with both stability and flexibility. Such

characteristic is of high significance to the MCDM processes and

decision-making reality.

Comparative study

This section compares the results obtained by the PF-entropy-RS-

MARCOS method and some of the existing methods, such as the PF-

TOPSIS model (Zhang & Xu, 2014) and PF-WASPAS (Rani et al.,

2020b) for solving MCDM problems under PFSs context as follows:

Table 4

The A-PF-DM for competencies of the future workforce for digital technologies implementation.

h1 h2 h3 h4 h5

u1 (0.450, 0.681, 0.577) (0.430, 0.681, 0.593) (0.570, 0.557, 0.604) (0.592, 0.548, 0.590) (0.741, 0.412, 0.530)

u2 (0.472, 0.641, 0.605) (0.313, 0.777, 0.546) (0.628, 0.518, 0.580) (0.522, 0.597, 0.609) (0.603, 0.550, 0.578)

u3 (0.700, 0.454, 0.551) (0.724, 0.428, 0.540) (0.567, 0.579, 0.585) (0.654, 0.497, 0.570) (0.712, 0.441, 0.547)

u4 (0.613, 0.528, 0.588) (0.665, 0.482, 0.571) (0.536, 0.605, 0.589) (0.505, 0.618, 0.603) (0.470, 0.668, 0.577)

u5 (0.630, 0.518, 0.579) (0.644, 0.509, 0.572) (0.538, 0.592, 0.600) (0.662, 0.493, 0.565) (0.764, 0.392, 0.513)

u6 (0.634, 0.515, 0.577) (0.401, 0.702, 0.589) (0.664, 0.485, 0.569) (0.581, 0.558, 0.592) (0.573, 0.574, 0.585)

u7 (0.483, 0.633, 0.605) (0.366, 0.713, 0.598) (0.516, 0.605, 0.607) (0.533, 0.598, 0.599) (0.477, 0.660, 0.581)

u8 (0.741, 0.415, 0.527) (0.754, 0.405, 0.518) (0.512, 0.614, 0.600) (0.520, 0.610, 0.597) (0.469, 0.673, 0.572)

u9 (0.630, 0.518, 0.579) (0.696, 0.457, 0.554) (0.560, 0.579, 0.593) (0.643, 0.514, 0.568) (0.699, 0.461, 0.547)

u10 (0.696, 0.457, 0.554) (0.591, 0.554, 0.586) (0.541, 0.594, 0.595) (0.573, 0.574, 0.585) (0.549, 0.604, 0.577)

u11 (0.386, 0.702, 0.598) (0.430, 0.681, 0.593) (0.654, 0.497, 0.570) (0.617, 0.526, 0.585) (0.555, 0.574, 0.602)

u12 (0.417, 0.677, 0.607) (0.486, 0.639, 0.597) (0.675, 0.476, 0.564) (0.628, 0.518, 0.580) (0.617, 0.526, 0.585)

u13 (0.618, 0.525, 0.585) (0.624, 0.522, 0.582) (0.505, 0.618, 0.603) (0.517, 0.609, 0.602) (0.485, 0.652, 0.583)

u14 (0.618, 0.525, 0.585) (0.569, 0.567, 0.596) (0.643, 0.514, 0.568) (0.648, 0.501, 0.574) (0.683, 0.482, 0.549)

u15 (0.624, 0.521, 0.583) (0.714, 0.452, 0.535) (0.695, 0.472, 0.542) (0.653, 0.508, 0.562) (0.547, 0.576, 0.608)

u16 (0.370, 0.708, 0.602) (0.392, 0.710, 0.585) (0.683, 0.474, 0.555) (0.696, 0.457, 0.554) (0.384, 0.700, 0.602)

u17 (0.457, 0.651, 0.606) (0.372, 0.710, 0.598) (0.538, 0.592, 0.600) (0.558, 0.578, 0.596) (0.470, 0.669, 0.576)

u18 (0.725, 0.430, 0.539) (0.700, 0.454, 0.551) (0.401, 0.702, 0.589) (0.386, 0.715, 0.583) (0.661, 0.502, 0.558)

u19 (0.600, 0.535, 0.594) (0.726, 0.434, 0.533) (0.516, 0.605, 0.607) (0.563, 0.583, 0.586) (0.383, 0.712, 0.589)

u20 (0.587, 0.553, 0.591) (0.553, 0.575, 0.603) (0.438, 0.679, 0.590) (0.393, 0.704, 0.591) (0.436, 0.696, 0.571)

u21 (0.589, 0.556, 0.587) (0.486, 0.626, 0.610) (0.451, 0.675, 0.584) (0.454, 0.676, 0.580) (0.491, 0.629, 0.602)

u22 (0.530, 0.610, 0.590) (0.449, 0.664, 0.598) (0.631, 0.532, 0.564) (0.560, 0.585, 0.587) (0.499, 0.623, 0.602)

u23 (0.497, 0.616, 0.611) (0.692, 0.468, 0.550) (0.532, 0.608, 0.589) (0.664, 0.485, 0.569) (0.664, 0.485, 0.569)

u24 (0.533, 0.624, 0.571) (0.494, 0.652, 0.575) (0.629, 0.530, 0.569) (0.660, 0.499, 0.562) (0.426, 0.702, 0.570)

u25 (0.579, 0.576, 0.577) (0.493, 0.638, 0.592) (0.574, 0.573, 0.585) (0.605, 0.546, 0.580) (0.387, 0.726, 0.568)

Table 5

Weights of competencies of the future workforce for digital technologies implementation using the RS method.

Criteria a1 a2 a3 a4 A-PF-DM Crisp values Sð~jkjÞ Rank of criteria Weight ws
j

u1 MG M M MG (0.539, 0.582, 0.609) 0.476 9 0.0523

u2 M M M B (0.479, 0.619, 0.622) 0.424 19 0.0215

u3 M MG B M (0.483, 0.633, 0.605) 0.416 21 0.0154

u4 MG B MB M (0.449, 0.664, 0.598) 0.380 23 0.0092

u5 B MB B MB (0.348, 0.728, 0.591) 0.295 25 0.0031

u6 M G MG M (0.606, 0.535, 0.589) 0.540 2 0.0738

u7 MB M G B (0.558, 0.554, 0.618) 0.503 3 0.0708

u8 MG M B MG (0.490, 0.630, 0.602) 0.422 20 0.0185

u9 MB M MG MB (0.512, 0.614, 0.600) 0.442 14 0.0369

u10 G M MB MG (0.545, 0.589, 0.597) 0.475 10.5 0.0477

u11 B VB MG MB (0.439, 0.690, 0.575) 0.358 24 0.0062

u12 MB M MG B (0.504, 0.620, 0.601) 0.435 15 0.0338

u13 G MB B MG (0.502, 0.631, 0.591) 0.427 18 0.0246

u14 G B MB MG (0.506, 0.628, 0.591) 0.431 16 0.0308

u15 MG G B M (0.554, 0.586, 0.592) 0.482 7.5 0.0569

u16 MB G M M (0.560, 0.570, 0.601) 0.494 4.5 0.0662

u17 MB G M B (0.543, 0.588, 0.599) 0.475 10.5 0.0477

u18 B M MG MB (0.499, 0.623, 0.602) 0.430 17 0.0338

u19 M MB G B (0.553, 0.584, 0.594) 0.482 7.5 0.0569

u20 MG M MG M (0.561, 0.571, 0.599) 0.494 4.5 0.0662

u21 M MB M G (0.514, 0.603, 0.609) 0.450 13 0.0400

u22 G G M B (0.606, 0.534, 0.589) 0.541 1 0.0769

u23 M MG M MG (0.547, 0.578, 0.605) 0.483 6 0.0615

u24 M MB B G (0.461, 0.653, 0.601) 0.393 22 0.0123

u25 G B M M (0.519, 0.602, 0.607) 0.454 12 0.0431
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PF-TOPSIS model

Steps 1−4: Follow the steps of the PF-TOPSIS method.

Step 6: Derive the degrees of distances of options from PF-PIS and PF-

NIS.

In accordance with Eq. (3), estimate the degree of distance Dðhi;

fþ
Þ among the option hi and the PF-PIS fþ

:

D hi;f
þ� 	

¼
1

2

X

n

j¼1

wj

�

�

�

�

m2
jij
�m2

fþ
j

�

�

�

�

þ

�

�
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�

n2jij � n2
fþ
j

�
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�

�

þ

�
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� p2
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j

�
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�
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:

ð18Þ

and the degree of distance Dðhi;f
�
Þ among the options hi and the PF-

NIS f� is given as follows:

D hi;f
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ð Þ ¼
1

2

X

n

j¼1

wj

�

�

�

�

m2
jij

�m2
f�
j

�

�

�

�

þ

�

�

�

�

n2jij � n2f�
j

�

�

�

�

þ

�

�

�

�

p2
jij
� p2

f�
j

�

�

�

�


 �� �

:
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Step 7: Compute the relative closeness index (CI)

CðhiÞ ¼
Dðhi ;f

�
Þ

Dðhi ;f
þ
ÞþDðhi ;f

�
Þ
; i ¼ 1ð1Þm: (20)

Table 6

The weighted NA-PF-DM of each option.

h1 h2 h3 h4 h5 aþ
jw a�

jw

u1 (0.103, 0.982, 0.158) (0.098, 0.982, 0.161) (0.135, 0.973, 0.188) (0.142, 0.972, 0.187) (0.192, 0.959, 0.208) (0.192, 0.959, 0.208) (0.098, 0.982, 0.161)

u2 (0.089, 0.986, 0.140) (0.057, 0.992, 0.112) (0.125, 0.979, 0.158) (0.100, 0.984, 0.148) (0.119, 0.981, 0.151) (0.125, 0.979, 0.158) (0.057, 0.992, 0.112)

u3 (0.141, 0.977, 0.162) (0.148, 0.975, 0.166) (0.107, 0.984, 0.144) (0.129, 0.979, 0.156) (0.145, 0.976, 0.164) (0.148, 0.975, 0.166) (0.107, 0.984, 0.144)

u4 (0.103, 0.986, 0.134) (0.115, 0.983, 0.140) (0.088, 0.989, 0.122) (0.082, 0.989, 0.123) (0.075, 0.991, 0.112) (0.115, 0.983, 0.140) (0.075, 0.991, 0.112)

u5 (0.106, 0.986, 0.133) (0.109, 0.985, 0.133) (0.087, 0.988, 0.124) (0.113, 0.984, 0.135) (0.139, 0.979, 0.146) (0.139, 0.979, 0.146) (0.087, 0.988, 0.124)

u6 (0.167, 0.964, 0.206) (0.098, 0.981, 0.169) (0.177, 0.961, 0.212) (0.150, 0.968, 0.199) (0.147, 0.970, 0.194) (0.177, 0.961, 0.212) (0.098, 0.981, 0.169)

u7 (0.121, 0.975, 0.187) (0.089, 0.981, 0.170) (0.131, 0.972, 0.193) (0.136, 0.972, 0.193) (0.119, 0.977, 0.176) (0.136, 0.972, 0.193) (0.089, 0.981, 0.170)

u8 (0.160, 0.972, 0.173) (0.164, 0.971, 0.174) (0.099, 0.984, 0.146) (0.101, 0.984, 0.146) (0.090, 0.987, 0.132) (0.164, 0.971, 0.173) (0.090, 0.987, 0.132)

u9 (0.138, 0.975, 0.172) (0.157, 0.971, 0.181) (0.119, 0.980, 0.163) (0.142, 0.975, 0.171) (0.158, 0.971, 0.179) (0.158, 0.971, 0.179) (0.119, 0.980, 0.162)

u10 (0.160, 0.970, 0.185) (0.130, 0.977, 0.169) (0.116, 0.980, 0.163) (0.125, 0.978, 0.165) (0.118, 0.980, 0.158) (0.161, 0.970, 0.185) (0.116, 0.980, 0.163)

u11 (0.061, 0.992, 0.112) (0.069, 0.991, 0.114) (0.114, 0.984, 0.138) (0.105, 0.985, 0.136) (0.092, 0.987, 0.130) (0.114, 0.984, 0.138) (0.061, 0.992, 0.112)

u12 (0.084, 0.986, 0.146) (0.099, 0.984, 0.151) (0.149, 0.973, 0.177) (0.135, 0.976, 0.170) (0.132, 0.977, 0.170) (0.149, 0.973, 0.176) (0.084, 0.986, 0.146)

u13 (0.119, 0.981, 0.153) (0.120, 0.981, 0.153) (0.093, 0.986, 0.140) (0.096, 0.985, 0.141) (0.089, 0.987, 0.131) (0.120, 0.981, 0.153) (0.089, 0.987, 0.131)

u14 (0.125, 0.979, 0.161) (0.113, 0.981, 0.155) (0.132, 0.978, 0.160) (0.133, 0.977, 0.164) (0.143, 0.976, 0.163) (0.143, 0.976, 0.163) (0.113, 0.981, 0.155)

u15 (0.153, 0.969, 0.194) (0.184, 0.962, 0.200) (0.177, 0.964, 0.196) (0.163, 0.968, 0.192) (0.130, 0.974, 0.187) (0.184, 0.962, 0.200) (0.130, 0.974, 0.187)

u16 (0.093, 0.980, 0.178) (0.100, 0.980, 0.173) (0.192, 0.956, 0.220) (0.197, 0.954, 0.225) (0.097, 0.979, 0.179) (0.197, 0.954, 0.225) (0.093, 0.980, 0.178)

u17 (0.101, 0.981, 0.163) (0.081, 0.985, 0.152) (0.122, 0.977, 0.173) (0.127, 0.976, 0.175) (0.104, 0.983, 0.154) (0.127, 0.976, 0.175) (0.081, 0.985, 0.152)

u18 (0.177, 0.965, 0.196) (0.168, 0.967, 0.192) (0.086, 0.985, 0.150) (0.083, 0.986, 0.146) (0.156, 0.971, 0.182) (0.177, 0.965, 0.196) (0.083, 0.986, 0.146)

u19 (0.146, 0.970, 0.193) (0.189, 0.960, 0.205) (0.122, 0.976, 0.181) (0.135, 0.974, 0.181) (0.087, 0.984, 0.157) (0.189, 0.960, 0.205) (0.087, 0.984, 0.157)

u20 (0.150, 0.969, 0.198) (0.139, 0.971, 0.196) (0.107, 0.979, 0.172) (0.095, 0.981, 0.167) (0.106, 0.981, 0.164) (0.150, 0.969, 0.198) (0.095, 0.981, 0.167)

u21 (0.129, 0.977, 0.169) (0.103, 0.982, 0.160) (0.095, 0.985, 0.147) (0.095, 0.985, 0.146) (0.104, 0.982, 0.158) (0.129, 0.977, 0.169) (0.094, 0.985, 0.147)

u22 (0.135, 0.973, 0.188) (0.111, 0.977, 0.179) (0.167, 0.966, 0.200) (0.144, 0.971, 0.193) (0.126, 0.974, 0.188) (0.167, 0.966, 0.200) (0.112, 0.978, 0.179)

u23 (0.119, 0.976, 0.183) (0.180, 0.962, 0.203) (0.129, 0.975, 0.180) (0.170, 0.964, 0.204) (0.170, 0.964, 0.204) (0.180, 0.962, 0.203) (0.119, 0.976, 0.183)

u24 (0.093, 0.988, 0.125) (0.085, 0.989, 0.121) (0.114, 0.984, 0.140) (0.121, 0.982, 0.144) (0.072, 0.991, 0.114) (0.121, 0.982, 0.144) (0.072, 0.991, 0.114)

u25 (0.125, 0.973, 0.196) (0.104, 0.978, 0.183) (0.124, 0.972, 0.198) (0.132, 0.970, 0.204) (0.079, 0.984, 0.160) (0.132, 0.970, 0.204) (0.079, 0.984, 0.160)

Table 7

Score values of WNA-PF-DM of each option.

h1 h2 h3 h4 h5 aþ
jw a�

jw

u1 0.023 0.023 0.036 0.038 0.058 0.058 0.023

u2 0.018 0.010 0.028 0.021 0.026 0.028 0.010

u3 0.033 0.036 0.022 0.029 0.034 0.036 0.022

u4 0.020 0.023 0.015 0.014 0.012 0.023 0.012

u5 0.020 0.021 0.015 0.022 0.030 0.030 0.015

u6 0.049 0.024 0.054 0.042 0.040 0.054 0.024

u7 0.032 0.022 0.036 0.037 0.030 0.037 0.022

u8 0.040 0.042 0.020 0.021 0.017 0.042 0.017

u9 0.034 0.041 0.027 0.035 0.041 0.041 0.027

u10 0.043 0.031 0.027 0.029 0.026 0.043 0.027

u11 0.010 0.011 0.022 0.020 0.017 0.022 0.010

u12 0.018 0.021 0.038 0.033 0.032 0.038 0.018

u13 0.026 0.026 0.018 0.019 0.016 0.026 0.016

u14 0.029 0.025 0.030 0.031 0.034 0.034 0.025

u15 0.042 0.054 0.051 0.045 0.034 0.054 0.034

u16 0.025 0.025 0.061 0.064 0.026 0.064 0.025

u17 0.024 0.018 0.030 0.031 0.023 0.031 0.018

u18 0.050 0.047 0.019 0.018 0.041 0.051 0.018

u19 0.040 0.057 0.031 0.035 0.020 0.057 0.020

u20 0.042 0.039 0.026 0.023 0.025 0.042 0.023

u21 0.031 0.023 0.020 0.020 0.023 0.031 0.020

u22 0.036 0.028 0.048 0.039 0.033 0.048 0.028

u23 0.031 0.053 0.033 0.050 0.050 0.053 0.031

u24 0.016 0.015 0.023 0.025 0.012 0.025 0.012

u25 0.035 0.028 0.035 0.038 0.019 0.038 0.019

Si 0.766 0.741 0.765 0.778 0.719 1.006 0.515

Table 8

The utility degrees and CUF of each option.

BESS uþi u�i f ðuiÞ Ranks

h1 0.761 1.488 0.6490 2

h2 0.737 1.440 0.6281 4

h3 0.761 1.486 0.6483 3

h4 0.774 1.512 0.6594 1

h5 0.715 1.397 0.6094 5

Table 9

Results of the PF-entropy-RS-MARCOS method w.r.t. different values of g .

g h1 h2 h3 h4 h5 Ranking order

0.0 0.6487 0.6185 0.6626 0.6668 0.6007 h4\succh3\succh1\succh2\succh5
0.1 0.6487 0.6204 0.6597 0.6653 0.6025 h4\succh3\succh1\succh2\succh5
0.2 0.6488 0.6223 0.6568 0.6638 0.6042 h4\succh3\succh1\succh2\succh5
0.3 0.6488 0.6243 0.6539 0.6623 0.6059 h4\succh3\succh1\succh2\succh5
0.4 0.6489 0.6262 0.6511 0.6609 0.6077 h4\succh3\succh1\succh2\succh5
0.5 0.6490 0.6281 0.6483 0.6594 0.6094 h4\succh3\succh1\succh2\succh5
0.6 0.6490 0.6300 0.6456 0.6580 0.6111 h4\succh1\succh3\succh2\succh5
0.7 0.6491 0.6319 0.6428 0.6566 0.6128 h4\succh1\succh3\succh2\succh5
0.8 0.6492 0.6338 0.6401 0.6552 0.6145 h4\succh1\succh3\succh2\succh5
0.9 0.6493 0.6358 0.6374 0.6538 0.6163 h4\succh1\succh3\succh2\succh5
1.0 0.6494 0.6377 0.6347 0.6524 0.6180 h4\succh1\succh2\succh3\succh5
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Based on the values of CI, the most suitable candidate and the pri-

oritization order of all options are estimated. The maximum value of

CðhkÞ determines the most appropriate choice.

Using Eq. (18)-Eq. (20), the overall computational results and pri-

oritization order of the higher education options to the competencies

of the future workforce for digital technologies implementation in

higher education (see Table 10). Thus, the most suitable higher edu-

cation option is h4 to the competencies of the future workforce for

digital technologies implementation in higher education. The priority

order of options is h4\succh3\succh1\succh2\succh5 to the evaluation

of the competencies of the future workforce for digital technologies

implementation in higher education.

PF-WASPAS model

The PF-WASPAS method is implemented to handle the decision-

making problem. The description of PF-WASPAS method is given as

follows:

Steps 1−5: Follow the proposed model.

Step 6: Utilize the weighted sum model (WSM) C
ð1Þ
i and weighted

product model (WPM)C
ð2Þ
i in the following expression

C
1ð Þ
i ¼ �

j¼1n
wj&ij; ð21Þ

C
2ð Þ
i ¼ �

j¼1n

&ij
� 	wj

: ð22Þ

Step 7: Determine the measure of WASPAS for each option as

Ci ¼ λC
1ð Þ
i þ 1� λð ÞC

2ð Þ
i : ð23Þ

Step 8: Rank the options according to WASPAS measures.

We have implemented the PF-WASPAS method in the given case

study to select a suitable alternative to the competencies of the future

workforce for digital technologies implementation in higher educa-

tion. The computational results are shown in Table 11.

As a whole, the benefits of the PF-entropy-RS-MARCOS method

over the extant methodology are given (see Fig. 4):

& In the developed method, the subjective weights of attributes are

obtained by the PF-RS method, and the objective weights of the

competencies of the future workforce for digital technologies

implementation in higher education are computed by entropy-

based method, whereas in PF-WASPAS, only objective weights of

criteria are obtained by entropy and divergence measure-based

weighting procedure and in PF-TOPSIS, the criteria weights are

chosen arbitrarily.

& In Zhang and Xu (2014), the measure of distance is computed

between the overall attribute value of an alternative hi and the

PF-IS and the PF-AIS to describe the CI of each option on the given

attributes. The PF-PIS and PF-NIS could be considered two bench-

marks against which the performance of the alternatives on each

attribute could be assessed. Remember that the two above-men-

tioned benchmarks are too unrealistic to be achieved practically.

On the other hand, it should be noted that the proposed PF-

entropy-RS-MARCOS uses the aggregated compromise algorithm

with different aggregation strategies to acquire a compromise

solution. The MARCOS tool comprises (i) considering “Pythago-

rean fuzzy ideal solution (PF-IS)” and “Pythagorean fuzzy anti-

ideal solution (PF-AIS)” as reference points, (ii) establishing the

relationship with options and PF-IS/PF-AISs, (iii) describing the

“utility degree (UD)” of each option in association to PF-IS and PF-

AISs.

Fig. 3. Sensitivity outcomes of the assessment degree w.r.t. different values of g .

Table 10

Ranking results of the PF-TOPSIS model.

Options Dðhi;f
þ
Þ Dðhi;f

�
Þ CðhiÞ Ranking

h1 0.120 0.130 0.521 3

h2 0.135 0.116 0.461 4

h3 0.115 0.137 0.544 2

h4 0.109 0.142 0.565 1

h5 0.143 0.110 0.436 5
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Conclusion

Nowadays, companies and governments are progressively more

aware to fill the gap between the existing and required DCs of the

workforce to successfully cope with the challenges that may arise in

the future digitalized workplaces. However, the literature still lacks a

holistic framework and a comprehensive definition of DCs. The cur-

rent paper attempted to suggest an inclusive framework of the DC

concept with a focus on applications at work. To this end, the present

study combined different methods to provide an integration of vari-

ous perspectives on DCs. This paper extensively reviewed the relevant

literature in terms of the definitions and frameworks of DCs, which

could be applied to work. In addition, the current study provided sig-

nificant insight into the construction of DCs at work through the pro-

vision of an overview of the previously proposed definitions and

methodologies in this regard. The review of the existing confirmed

the absence of scientific research on adults’ DC, and also it was

revealed that the work context had been totally neglected. The large

variety of terms and constructed frameworks reveals an interest in

DCs in various settings, e.g., education, media, and politics. The pres-

ent paper addressed the science-practice gap through the integration

of various perspectives in this regard. For that reason, in addition to

the systematic literature review, eleven half-structured interviews

were held with a number of practitioners from the work context. Nev-

ertheless, the major aim of the present paper is to identify the compe-

tencies of the future workforce for digital technologies

implementation in higher education. In this regard, in the first stage,

the comprehensive literature review is done to identify the main com-

petencies of the future workforce for digital technologies implementa-

tion. Therefore, fifty competencies of the future workforce for digital

technologies implementation are identified. In the next stage, we

have invited 46 teaching and academic staff recruited from different

institutions. The participant institutions were invited via email. The e-

mail consisted of information about the aim and process of the study.

The participants were assured of their confidentiality and anonymity.

A questionnaire comprising 50 items was sent to each participant to

be completed. The results of these steps of the study indicated that 25

criteria are the key competencies of the future workforce for digital

technologies implementation in higher education.

To analyze, rank and evaluate the main to identify the competen-

cies of the future workforce for digital technologies implementation

in higher education, this study introduced a hybrid method from the

Pythagorean fuzzy perspective. A novel decision-making approach

based on the PF-entropy-RS and PF-MARCOS methods, termed the

PF-entropy-RS-MARCOS method, was introduced for the assessment

of the major competencies of the future workforce for digital technol-

ogies implementation in higher education. To rank main competen-

cies of the future workforce for digital technologies implementation

in higher education, the PF-entropy-RS method was used, and for the

calculation of the preference order of different higher education insti-

tutes to the evaluation of the competencies of the future workforce

for digital technologies implementation in higher education, the PF-

MARCOS method was employed. To validate the results obtained in

the current work, a comparative study was also performed with the

use of different models existing in the literature. Also, the sensitivity

analysis of criteria weights was implemented to authenticate the pro-

posed model’s robustness and applicability.
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