Information Systems Frontiers
https://doi.org/10.1007/510796-024-10472-3

=

Check for
updates

A Multi-Criteria Decision-Making Framework to Evaluate the Impact
of Industry 5.0 Technologies: Case Study, Lessons Learned, Challenges
and Future Directions

Mohamed Abdel-Basset' - Rehab Mohamed' - Victor Chang?

Accepted: 22 January 2024
© The Author(s) 2024

Abstract

Smart technologies have demonstrated striking outcomes regarding the early diagnosis of diseases and the delivery of
the necessary healthcare in the last decade. However, by emphasizing the core fundamentals of social justice and sustain-
ability, together with digitalization and smart technologies that predicate raising productivity and flexibility, Industry
5.0 has proven to achieve more efficient results. Industry 5.0 technologies provide more intelligent ways for human
employees and higher efficiency development while also improving safety and performance in many applications. In this
research, the contribution is focused on the healthcare and how Industry 5.0 technologies demonstrate several advantages
for the healthcare sector, starting with automated and precise disease prediction, moving on to aiding medical personnel
in continual surveillance and monitoring and concluding with successful digital automation of smart equipment. The
objective of this study is to apply a hybrid multi-criteria decision-making approach under a neutrosophic environment
to evaluate the advantages of industry 5.0 technologies in the healthcare sector. Industry 5.0 primary value is to reach
human-centric, sustainable, and resilient industries. While Industry 5.0 technologies sub-values regarding the healthcare
sector are determined and distinguished according to the 3-main values mentioned previously based on literature. The
methodologies applied in this study are: The Analytical Hierarchy approach (AHP) evaluates the main values and sub-
values. Subsequently, the effectiveness of industry 5.0 technologies according to their values to the healthcare sector
are ranked by Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS). The approach is constructed
under uncertainty based on a neutrosophic environment to achieve accuracy in the evaluation process. The results show
that the most influential technology in healthcare are Al and cloud computing, while nano-technology, drone technology,
and robots are at the end of the ranking. While validating the suggested technique, outcome comparisons were carried
out to demonstrate the benefits of the methodologies. A sensitivity study indicates that adjusting the weightings of the
sub-values has no significant effect on the ranking of technologies.
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1 Introduction

The industrial revolution has changed from decade to dec-
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did not just extend to manufacturing industries but also to
several other sectors, including agriculture and healthcare
(Sindhwani et al., 2022). Industry 5.0’s emphasis on sustain-
ability seeks to move beyond the conventional economic
focus by including the social and environmental compo-
nents, achieving all three dimensions of sustainability, and
delivering chances and benefits to society. Through efficient
collaboration between the intelligence of human labor and
the superior capabilities of technology, Industry 5.0 may
also enhance business relationship imbalance, altering the
economic and social dimensions. In order to ensure sustain-
ability, Industry 5.0 also prioritizes environmental protection
as a strategic goal.

Industrial revolutions started with Industry 1.0 in the late
1800s in the textile industry by using mechanical tools man-
ually. The core notion of the second revolution was electric-
ity. In contrast, automation and digitalization was the main
concept of the third revolution. Industry 4.0 originated in
2011 and advanced the idea of Cyber-Physical Production
Systems (CPPS). The concept "Industry 4.0" was applied to
represent the notion of CPPS, which encompasses a variety
of smart technologies such as the Internet of Things (IoT),
Big Data, Artificial Intelligence (AI), Cloud Computing, and
others (Xu et al., 2021). As a result, Industry 5.0 offers a
distinct perspective in assisting the industry in its long-term
contribution to humanity within sustainability (Breque et al.,
2021).

The complete transition in healthcare from traditional
healthcare to relying on intelligent systems to provide
health services has led to a significant shift in the tech-
nologies utilized in this field (Breque et al., 2021). Smart
Healthcare is defined as the ability to integrate system
components, people, and resources, send health infor-
mation remotely, and effectively address the healthcare
environment’s demands through innovative technologies
(Muhammad et al., 2021).

The healthcare sector witnessed a technological revolu-
tion, such as other industries, and has gone through gen-
erations from 1.0 to 4.0 through the aid of other industries
(Aceto et al., 2020). Initially, paper-based healthcare systems
were used to store patient data and track their health status,
but as technology advanced, surgeries were performed uti-
lizing nano-technology and robotics. Smart Healthcare is
described as the administration of medical services using
smart technologies such as robots, sensors, IoT, and others to
provide superior healthcare (Bamiah et al., 2012). Emerging
5G technology, robots, IoT, big data, Al, cloud computing,
and other smart techniques demonstrate significant advance-
ment in smart healthcare. These technologies make existing
healthcare systems more accessible, consistent, and sustain-
able. Healthcare 5.0 integrates the power of industry 5.0
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to fulfill societal goals and high-efficiency healthcare in an
environmentally conscious manner.

Various technologies connected to Industry 5.0 are
being used in the healthcare sector to improve medical ser-
vices. Each technology contributes to better health man-
agement. To evaluate the value of these technologies in
healthcare, we proposed a MCDM approach in this study.
These digital technologies include nano-technology, 5G,
drones, blockchain, robotics, big data, IoT, Al, and cloud
computing. Each of these technologies contributes signifi-
cantly to the various phases of healthcare management
and has a unique value. The central values of Industry 5.0
technologies are human-centric, sustainability, and resil-
ience. However, each of the above technologies provides
an outstanding value for the intelligent healthcare system.

Most studies that dealt with smart healthcare were based
on industry 4.0 technology, with little attention paid to keep-
ing up with the advancements in other industries that enable
the healthcare sector to provide better services. During the
previous two years, industry 5.0 technologies have shown
a strong trend, yielding excellent outcomes in the COVID-
19 Pandemic. The COVID-19 Pandemic posed exceptional
difficulties and chances to change worldwide healthcare
systems. In these situations, turning to new intelligent tech-
nologies that offer the opportunity to provide virtual health
services effectively has become unavoidable. Therefore,
this study focuses on industry 5.0 technologies due to inte-
grating new smart technologies and sensors that promote
resilient performance in healthcare systems with greater
sustainability.

First, the values of industry 5.0 technologies in the health-
care sector are divided into 3-main values and 18 sub-value.
The main values and sub-values are evaluated by the Ana-
lytical Hierarchy approach (AHP) method under a neutro-
sophic environment. We rely on AHP in this stage because
of its adaptability and ability to detect discrepancies. Neutro-
sophic theory can deal with vagueness, which is deliberated
as an extension of fuzzy theory (Siksnelyte et al., 2019).
Second, industry 5.0 technologies will be ranked by Tech-
nique for Order of Preference by Similarity to Ideal Solution
(TOPSIS) also under a neutrosophic environment to reduce
the uncertainty.

Industrial change is a socio-technical process. One recent
term for this trend is "industry 5.0," which is defined as
a humanized vision of technological changes in the indus-
try that balances the present and future needs of workers
and society with the sustainable optimization of energy
consumption, material processing, and product lifecycles.
The motivation of this study is to track the profound effects
of Industry 5.0 technologies in a variety of industries. The
healthcare sector is among the most significant of them,
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since it has attracted a lot of attention following the Corona
pandemic, which faces many challenges. In addition, the
motivation of this research is to determine how Industry 5.0
and its new developments are assisting in resolving Industry
4.0’s drawbacks. Industry 5.0 not only brought forth a num-
ber of new technology, but it also aids in addressing Industry
4.0’s limitations.

In summary, there has not been much research on indus-
try 5.0 technology’s effects on the healthcare field, and
the majority of studies that have addressed this topic have
focused on industry 4.0 technologies. Additionally, most
recent work has primarily discussed how Industry 5.0 would
affect healthcare theoretically, not practically. So, in this
study, a proposed hybrid MCDM framework (AHP-TOPSIS)
is utilized to evaluate the values and sub-values of indus-
try 5.0 technologies in healthcare (using AHP) and classify
the technologies according to their values in the healthcare
sector (using TOPSIS). Moreover, this study also has the
benefit of considering ambiguity while appraising the situa-
tion by deliberating the evaluation process in a neutrosophic
environment.

Overall, the contributions of this study are:

e Study industry 5.0 technologies and their benefits to the
healthcare sector.

e Evaluate the principal values of Industry 5.0 and sub-
values regarding healthcare and how they affect sustain-
ability and resilience.

e Minimize the uncertainty in evaluating industry 5.0 tech-
nologies in healthcare by applying the proposed AHP-
TOPSIS approach under a neutrosophic environment.

The remainder of the paper is organized as follows: an
overview of previous research that studied smart healthcare
and the influence of Industry 5.0 on it in Sect. 2. Section 3
deliberates industry 5.0 technologies and their value in
healthcare. The proposed AHP-TOPSIS approach based on
a neutrosophic environment is explained in Sect. 4. Section 5
shows the evaluation of industry 5.0 technologies and their
value in the healthcare sector using the proposed approach.
Section 6 compares with other MCDM techniques to check
the proposed framework’s efficiency. Section 7 discusses a
sensitivity analysis to verify the results. Section 8 discusses
the challenges and future directions, and finally, Sect. 9 con-
cludes the work.

2 Related Works

This section has overviewed literature associated with
Healthcare 4.0 and Healthcare 5.0.

2.1 Industry 4.0 Technologies and Healthcare

Based on a literature review, Tortorella et al. (2020) inves-
tigated the trends, problems, and theoretical gaps in the
implementation of Healthcare 4.0. They argue that the
H4.0 literature is carelessly constructed, lacking academic
coherence and a grounded theory-based practical view-
point. (Tortorella et al., 2020). The role of fog comput-
ing, cloud computing, and the Internet of Things in the
healthcare sector is examined by Kumari et al. (2018).
They propose a three-layer patient-driven healthcare archi-
tecture for real-time data collection, processing, and trans-
mission. (Kumari et al., 2018). The study of Karatas et al.
(2022) gives readers a survey of literature that touches on
Industry 4.0, big data, and healthcare operations. Accord-
ing to their analysis, big data holds a significant position
among the technologies Industry 4.0 offers in the health-
care sector (Karatas et al., 2022). Manogaran et al. (2017)
proposed a system that employs key management security
procedures to safeguard large amounts of data. They pre-
sent a secure Industrial IoT framework for the enormous
volumes of scalable sensor data processing and storage for
medical applications. The suggested system attaches sen-
sor medical devices to the body to gather patient clinical
measurements. When the body’s typical values for breath-
ing rate, heart rate, blood pressure, body temperature, and
blood sugar are exceeded, the devices use a wireless net-
work to send a clinically significant alarm notification to
the specialist (Manogaran et al., 2017). In the context of
COVID-19, Sood et al. (2022) research presents a scien-
tific examination of the literature on Industry 4.0 technolo-
gies. The findings show that China has created the most
remarkable research outcomes, even though India is the
nation that collaborates with other countries the most in
this area (Sood et al., 2022).

2.2 Industry 5.0 Technologies and Healthcare

Much research has been overviewed associated with health-
care and industry 5.0. In order to model Healthcare 5.0, the
article of Mohanta et al. (2019) enumerates all the key ideas,
including Al, IoT, and 5G connectivity (Mohanta et al.,
2019). At the same time, the study of Mbunge et al. (2021)
examines the functions and features of sensors and indus-
try 5.0 technologies, including blockchain, robots, big data,
the IoT, Al, and cloud computing (Mbunge et al., 2021).
Bhavin et al. (2021) investigated several security methods
for electronic health records (EHRs) and used quantum
computing (QC) to improve on the traditional encryption
technique. After that, they suggested a blockchain-based
architecture for Healthcare 5.0 that would let users access
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the database’s data according to their assigned roles. Com-
pared to state-of-the-art techniques, the results show that the
proposed method is more effective in transaction through-
put, resource utilization, and network traffic (Bhavin et al.,
2021). For Healthcare 5.0 applications, Gupta et al. (2021)
suggested a drone delivery system based on the blockchain.
The proposed solution combines blockchain and the Inter-
net of Drones (IoD) over haptic 5G Internet to enable low-
latency responsive medicinal material distribution that can
be tracked and overseen across several stakeholders (Gupta
etal., 2021).

2.3 Industry 5.0 Technologies and the COVID-19
Pandemic

Regarding the COVID-19 Pandemic in the most recent time-
frame, Javaid et al. (2020a, b) recognized and researched
vital Industry 5.0 technologies that benefited the pandemic.
They discussed the supportive aspects of Industry 5.0 for the
COVID-19 Pandemic. Additionally, they identified serious
issues with Industry 5.0 technology regarding the COVID-
19 Pandemic (Javaid et al., 2020a). On the same subject,
Sarfraz et al. (2021) investigated numerous Industry 4.0 and
Society 5.0 technologies, such as robots and Al, to slow the
spread of COVID-19 worldwide. They demonstrate how Al,
big data, and IoT technology may be applied in the health-
care sector. Lastly, they reviewed the transition from Indus-
try 4.0 to Society 5.0 in light of the COVID-19 effects and
the technology approaches being considered and utilized.

2.4 MCDM Studies of Healthcare and Industrial
Revolutions

Many studies dealt with this topic in different ways concern-
ing evaluating the performance of smart healthcare systems
that depend on technologies of the industrial revolution. This
paper suggests a method for assessing the effectiveness of
technology integration in healthcare management utilizing
fuzzy decision-making. In this work, the TOPSIS of fuzzy
AHP is used to assess the data protection of healthcare of
the smart healthcare management system (Quasim et al.,
2021). In the field of disease prediction, the study of Shynu
et al. (2021) suggests effective Blockchain-based healthcare
services for disease forecast in fog computing. A rigorous
experiment and analysis were conducted utilizing data from
the actual world of healthcare to determine how effectively
this service operated. According to the experimental data,
the suggested technique efficiently predicts the disease and
achieves a prediction accuracy of more than 81% (Shynu
et al., 2021). Yang et al. (2022) propose a hybrid three-
phased MCDM model for evaluating a Smart Healthcare
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Management System in a resource-limited environment
(Yang et al., 2022). Table 1 provides more studies of health-
care and industrial revolutions.

3 Industry 5.0 Technologies and Healthcare

3.1 Introduction to Industry 5.0 and Its Central
Values

The Internet of Things (IoT), artificial intelligence (Al),
augmented reality (AR), and other technologies were all
introduced by Industry 4.0 into general manufacturing and
other sectors. These technologies are now widely used
in engineering, business, healthcare, and service-based
organizations. Industry 5.0 was created as a way to address
the shortcomings of Industry 4.0 by encouraging human
centricity and addressing social requirements. Industry 5.0
links human intelligence with the accuracy and efficiency
of machines using Al in industrial production. In other
words, Industry 5.0 is an effort to bring back the use of
human labor in manufacturing facilities, where man and
machine would collaborate to increase productivity in pro-
cesses by fully utilizing human intelligence and creativ-
ity through their integration with the current intelligent
systems.

Industry 5.0 complements the present Industry 4.0
model by allowing research and innovation to steer the
transition to a more sustainable, human-centric, and resil-
ient future (Breque et al., 2021). Industry 5.0 is a result
of the European Commission’s determination that techni-
cal innovation must be used to advance European social
and environmental concerns. Industry 4.0 is not the ideal
framework, according to proponents of Industry 5.0, for
attaining sustainable growth. The European Commission
launched the Industry 5.0 plan for a resilient, sustainable,
and human-centric European industry in 2021. This strat-
egy contends that Industry 5.0 is an extension of Industry
4.0 that gives growing socio-environmental requirements
first priority (Mazur & Walczyna, 2022). Industry 5.0
encourages the human workforce by promoting human-
centric strategies for technical progress. In addition,
Industry 5.0 fosters technical improvement in ecological
sustainability (Ghobakhloo et al., 2022).

Three integrated fundamental values, human-centric,
sustainability, and resilience, serve as the basis of Industry
5.0, as Fig. 1 shows. This figure explains that the Industry
5.0 revolution is an encouragement to action for putting
sustainability principles into action, fusing technology and
human values, and is viewed as a step toward accomplish-
ing sustainable development and resilience objectives.
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Human-centric

Tu Resilience

Sustainability

Fig. 1 Industry 5.0 main values

This revolution is centered on the ideas of sustainabil-
ity, bioeconomy, and a technology-human collaboration
environment, creating a resilient enterprise that includes
human social values.

3.1.1 Human-centric

This principle places human needs and interests at the
basis of the production process. The need to improve pro-
ductivity while keeping human employees in the indus-
trial sector places a heavy burden on the global market.
This strategy conflicts with the machine-based paradigm
of prior industrial revolutions, where production and busi-
ness are the primary goals and environmental and human
costs can be minimized (Breque et al., 2021). Industry
5.0’s capacity to combine human and robot intellect and
decision-making, assisted by intelligent technology,
enables unprecedented personalization in a variety of
industries. The human-centered value prioritizes peo-
ple’s overall well-being along with the improvement of
production to protect their function, abilities, and rights.
Robots, 5G, Al, IoT, and other disruptive technologies
that allow Industry 5.0, combined with human ingenu-
ity and intelligence, can assist companies in fulfilling
demand and providing personalized and customized goods
more quickly. Collaborative robots are employed in Indus-
try 5.0 to boost production and solidify a new interaction
between people and machines. By reintroducing human
intelligence to the production process, industry 5.0 has
strongly emphasized intelligent manufacturing, allowing
robots to share and work together with people. Numerous
technological researchers think Industry 5.0 will revive
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the human component in the industrial sector (Nahavandi,
2019).

3.1.2 Sustainability

In order to achieve a more efficient and effective manufactur-
ing process with respect to the environment and resources,
Industry 5.0 is based on recycling natural environmental
resources to reduce harmful emissions and the negative
impact of industrial waste on the environment.

3.1.3 Resilience

It focuses on developing more elastic, resilient, and inno-
vative industries. It implies the requirement to strengthen
manufacturing to a greater extent, protecting it better versus
interruptions and ensuring it can provide and sustain crucial
infrastructure during disasters.

3.2 Industry 5.0 Technologies and Their Values
Associated With Healthcare

3.2.1 Cloud Computing

One of the most significant innovations that have attracted
the interest of technologists worldwide is cloud computing.
The Internet service provider created cloud computing to
offer the most users and elastic services with a massive low
cost of computing resources (Jangjou & Sohrabi, 2022).
Industry 5.0 is now able to minimize network bandwidth,
enhance data security and privacy generally, and facili-
tate transactions that are limited by connectivity problems
because of improvements in cloud computing. Cloud Com-
puting is shaping and renovating healthcare services since it
eliminates complexity, allows efficient administration, and
encourages collaboration across the systems in the health-
care sectors (AlTwaijiry, 2021). The benefits of cloud com-
puting in healthcare include the ability to store, process,
analyze, and manage patient health information, which may
assist industry stakeholders and patients beyond obstacles
(Javaid et al., 2020b). It also allows patients and medical
professionals to communicate via cloud-based applications.
For example, in the COVID-19 Pandemic, we see that cloud
computing is crucial to effectively tackle the difficulty of
working from home. It effectively detects, monitors, and
monitors infected patients by integrating smart devices,
intelligent applications, and synchronized applications.

3.2.2 Robotics

A significant advance for humanity is the present para-
digm of robots in the field of healthcare. Industry 5.0 will
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undoubtedly revolutionize healthcare systems due to the
incorporation of robots. For instance, it allows businesses to
plan out various surgery sequences and try them out before
implementing them in a real world that continuously moni-
tors various pertinent metrics. The order of pre-planning
and rehearsal for complicated procedures provides specialist
surgeons executing operations with helpful recommenda-
tions (Verma et al., 2018). In addition, during the outbreak
of COVID-19, the critical applications of robots and drone
technology are crowd monitoring, public announcements,
screening and diagnosis, and the delivery of major supplies
(Firouzi et al., 2021). The use of medical robots in vari-
ous procedures during the care process, including disease
prevention, screening, diagnosis, treatment, and home care,
has been widely adopted and has tremendous potential for
further advancement (Lallo et al., 2021).

3.2.3 Blockchain

The blockchain is a series of blocks that, like a traditional
public ledger, contain an exhaustive list of transaction data
in a decentralized and distributed network (Zheng et al.,
2018). Transactions are more secure and tamper-proof in
blockchain, and its features include decentralization, stabil-
ity, transparency, and audibility. Blockchain technology has
recently exploded in popularity and permeated several indus-
tries, such as the healthcare sector. Blockchain technology
is being utilized more often in healthcare, primarily for data
exchange, keeping patient information, and access control.
Data sharing and monitoring an audit trail of clinical prac-
tices are all possible with blockchain technology. It can also
facilitate medicine prescriptions, supply chain management,
and any risk data management (Holbl et al., 2018).

3.2.4 5GTechnology

The fifth generation of wireless transmission technology, or
5@, greatly impacts how smart medical equipment is con-
nected to offer a high data transfer rate. Healthcare would
considerably benefit from dependable internet access for
medical devices, with larger capacity, better coverage, and
faster internet (Li, 2019). Monitoring patients remotely is
conceivable with wearable devices enabled by powerful sen-
sors linked to a 5G network. 5G technology is anticipated to
satisfy the requirements of the intelligent information soci-
ety for Industry 5.0 applications.

3.2.5 Big Data

In the healthcare sector, several big data sources include
medical reports, patient history, medical assessment find-
ings, and smart devices. It must be properly managed
and analyzed to get relevant knowledge from this data.

Otherwise, rapidly pursuing solutions through big data anal-
ysis becomes terrible (Dash et al., 2019). Large amounts of
data have emerged to assist the healthcare industry in health-
care management, service enhancement, medication qual-
ity enhancement, and therapy integrity (Miah et al., 2022).
Big data techniques in medication development, treatment
improvement, and best clinical services have saved costs
while improving the treatment experience. Big Data might
be used to track disease outbreaks in real-time, such as the
COVID-19 Pandemic. Online platforms, mobile devices,
Internet of Things-enabled devices, and publicly available
data in various forms are all possible sources (Haafza et al.,
2021). Large volumes of data are produced and managed by
manufacturers with the help of big data analytics shared with
intelligent systems and data centers.

3.2.6 Drone Technology

The use of drones in healthcare has received a lot of atten-
tion. Blood, medications, vaccinations, and laboratory test
samples, among other things, were recognized as medical
supplies carried by drones. These drones can give healthcare
assistance by distributing medicines, treatments, and vac-
cines to distant places promptly and effectively. On-time
vaccination and medicine assistance can help reduce the
frequency of diseases and save many lives. For instance,
in the COVID-19 Pandemic, drone presents a great chance
to deploy sophisticated robotics to provide healthcare sup-
port (Sharma, 2021). Drones have several benefits, including
reduced reaction times during medical crises, which help
save human lives and are ecologically benign due to lower
CO2 emissions levels than traditional distribution by vehi-
cles and cars (Nyaaba & Ayamga, 2021).

3.2.7 Artificial Intelligence

Artificial intelligence (Al) is transforming healthcare to a
high level of accuracy and efficiency. Artificial Intelligence
and Healthcare assist in the elimination of time-consuming
patient monitoring procedures. Al can enhance disease
detection precision and agility and open the door to individ-
ualized medical treatments. In addition, Al is transforming
and improving modern healthcare through technology that
governs surgery-assisting robots (Shaheen, 2021). Addition-
ally, it has aided pharmaceutical corporations in expediting
medication research. This can also help forecast the risk
behavior of patients with chronic diseases, which can help
prevent readmissions and provide individualized care.

3.2.8 Internet of Things

IoT is a rapidly growing ecosystem that combines soft-
ware, hardware, physical items, and computing devices to
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interact, gather, and share data. Sensors, medical devices,
artificial intelligence, and sophisticated imaging technol-
ogy are all critical components of IoT applications in the
medical area. The IoT is a developing technology that allows
enhancements and improved solutions in the health sector,
such as remote health data exchange, rapid diagnostics,
device integration, and precise disease detection (Javaid &
Khan, 2021). Through the use of sensors, this technology
can instantly alert users to health-related risks, improving
healthcare standards. But when used in industrial infra-
structures, IoT presents a number of challenges, including
centralization, privacy protection, and security. The use of
IoT in Industry 5.0 presents a chance to save operational
costs by removing data communication inefficiencies, lower-
ing latency, decreasing supply chain waste, and improving
manufacturing methods.

3.2.9 Nano-technology

Nano-technology has an ongoing impact on healthcare and
significantly impacts its evolution. In the age of nanosci-
ence, nano-technology advancements have revolutionized
the healthcare system by constructing nanostructures that
significantly improve the diagnosis and therapeutic aspects
of many chronic diseases (Manzoor et al., 2022). The world
has witnessed nano-technology progress, which has been
expedited by substantial research in several healthcare fields.
Nano-technology technologies have grown more helpful in
healthcare, resulting in the development of unique nano-
systems for diagnosing, imaging, and treating cancer and
other diseases. It also has a lot of promise for target-specific
medication delivery in treating many diseases and efficiently
utilizing nanoscale surgeries (Anjum et al., 2021).

4 A Proposed Neutrosophic AHP-TOPSIS
Framework

Many advantages are combined in this proposed framework.
Whereas the AHP theory has gained popularity as a way for
establishing weights, whether used alone or in combination
with other strategies, it was utilized in the first round of
evaluation since it showed its potential to address MCDM
challenges. The addition that other similar studies lack is to
carry out the evaluation process based on a linguistic scale
and taking into account the uncertainty and accuracy of
the evaluations, as this step was applied under netrosophic
environment. Moreover, the second evaluation phase is also
applied under neutrosophic environment to ensure a more
accurate and reliable evaluation framework. There may be
some approaches similar to the proposed framework, but
they did not deal with the evaluation process in this way
in terms of taking into account the uncertainty and the
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difference between decision makers’ assessments. In addi-
tion, other approaches similar to our framework were not
applied to assess the efficiency of industry 5.0 technologies
in the field of healthcare.

This research aims to investigate the values and sub-
values of industry 5.0 technologies in the healthcare sector
in the context of uncertainty. The values and sub-values of
industry 5.0 technologies in healthcare that will be consid-
ered in this study are compiled from the literature as dis-
coursed in the previous section. In addition, the nine tech-
nologies of Industry 5.0 widely utilized in healthcare are
deliberated in Sect. 3.2. Therefore, a MCDM framework is
proposed to evaluate the industry 5.0 technologies based on
their values and sub-values to healthcare. The phases of the
suggested framework will be clarified in this section and
summarized in Fig. 3.

4.1 Phase 1: Define the Problem Dimensions

First, the problem dimensions are constructed as a hier-
archy consisting of values, sub-values, and technologies
of Industry 5.0 related to healthcare, as shown in Fig. 2.
A review of prior literature and research on Industry 5.0,
particularly technologies associated with healthcare, was
conducted to evaluate these technologies’ main values
and sub-values and rank them based on their benefits
to healthcare services in an uncertain environment. The
proposed framework of this study consists of two MCDM
methods (AHP and TOPSIS) under a neutrosophic envi-
ronment in order to reduce the vagueness in the evalua-
tion process.

This suggested framework was evaluated by three
experts in the smart healthcare field to provide their opin-
ions on industry 5.0 technologies. Their input values and
sub-values on the healthcare sector were gathered based
on two written questionnaires. The first questionnaire is
administered to assess the sub-values of industry 5.0 tech-
nologies with their primary values in healthcare services
(Human-centric, sustainability, and resilience). The second
questionnaire is applied to evaluate the nine technologies
identified, as shown in Fig. 2, based on their sub-values to
healthcare (Fig. 3).

4.2 Phase 2: Evaluation of Main Values
and Sub-Values of Industry 5.0 Technologies
in the Healthcare Sector Using Neutrosophic
AHP

In this section, a neutrosophic AHP will be used to analyze
the three primary values and their sub-values to demonstrate
their priorities. The neutrosophic set theory will be utilized
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Fig.2 Industry 5.0 technologies and their main values and sub-values related to healthcare
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Phase 1
industry 5.0 related to healthcare

alternatives.

Phase 2

apply a pairwise comparison

*Find the weight of each criteria

neutrosophic TOPSIS

regarding to healthcare sector

Phase 3

normalized evaluation matrix

Fig.3 Proposed framework

to handle ambiguity and uncertainty in the decision-making
process. As AHP is utilized in collective management, it
delivers a choice based on the decision-aims makers rather
than offering a proper alternative. While there are various
categorization methods, we use AHP because of its versatil-
ity and ability to detect errors. Furthermore, AHP is capable
of dissecting an issue into elements to construct problem
hierarchies. We also looked into AHP for subjective and
objective evaluation metrics to help decision-making. To
apply AHP under neutrosophic theory, we perform the fol-
lowing steps:

@ Springer

* Define the problem dimensions
*Construct the problem as hierarchy consist of values, sub-values, and technologies of

*Convert the TNNs into crisp values
*Build a normalized comparison matrix

*Check the comparison consistency

* Evaluation of main values and sub-values of industry 5.0 technologies in
healthcare sector using neutrosophic AHP
*The problem must be as a hierarchy consist of goal, criteria, sub-criteria, and

*Build a square matrix (M) between each main value and its sub-values in order to

* Ranking of industry 5.0 technologies in healthcare sector using
*Build the comparison matrix to evaluate the technologies according to their values

* After calculating the crisp evaluation matrix, form the normalization matrix
By utilizing the weight that found from the previous phase, calculate the weighted

*Defining the positive ideal solution (PIS) and negative ideal solution (NIS)
*Calculate the distance of each element to the PIS and NIS
*Find the closeness coefficient (CC) of each technology and rank them

Table 2 Qualitative scale and equivalent of TNNs utilized for evalu-
ating main values and their sub-values

Qualitative Scale (QS)

Triangular neutrosophic number
(TNN)

Very weakly significant (VWS)
Weakly significant (WS)
Partially significant (PS)

Equal significant (ES)

Strongly significant (SS)

Very strongly significant (VSS)
Absolutely significant (AS)

((0.10,0.25,0.3):0.1,0.3,0.1)
((0.2,0.3,0.5):0.6,0.2,0.3)
((0.45,0.3,0.5):0.6,0.1,0.2)
((0.5,0.5,0.5):0.9,0.1,0.1)
((0.7,0.75,0.8):0.9,0.2,0.2)
((0.85,0.8,0.95):0.8,0.1,0.2)
((0.95,0.90,0.95):0.9, 0.10, 0.10)
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Step 1: the problem must be as a hierarchy consisting of
goals, criteria, sub-criteria, and alternatives. In our study,
the goal is to develop Industry 5.0 technologies and their
value to the healthcare sector. In comparison, the criteria
and sub-criteria are industry 5.0 technologies values and
sub-values, respectively. And alternatives are the indus-
try 5.0 technologies related to the healthcare sector.

Step 2: Build a square matrix (M) between each main
value and other criteria to apply a pairwise comparison.
The comparison matrix elements are based on a quali-
tative scale that means triangular neutrosophic numbers
(TNNs), as shown in Table 2, based on the expertise
questionnaire results. This step is the foremost step

{(0.5,0.5,0.5);0.9,0.1,0.1)
((aj.a5,23):T,LF),,

((aj.a5,23);T,LF),,
{((0.5,0.5,0.5);0.9,0.1,0.1)

((ay,ay,23);T, 1, F)y] ((ay,ay,23);T, 1, F>y2

M=

((0.5,0.5,0.5);0.9,0.1,0.1)

that reduces the uncertainty of the evaluation process.
The diagonal elements of the comparison matrix are
always Equal significant (ES) since the criteria com-
pared to itself have the same importance as shown in
Eq. 1. Then, substitute each qualitative scale value with
a corresponding TNN to form a neutrosophic compari-
son matrix, as Eq. 2 shows.

C, C ..C,
C, [ ES QSp, ... QS
C,| ... ES ... QSy (1)
¢ 1 QSy; ES ...
c, lQs,, QS,, ... ES
((aj.ay,23):T,LF),
((a,,az,aS);T,I,F)ZX @

((0.5,0.5,0.5);0.9,0.1,0.1)

where ((al , 4y, a3) ;T, 1, F) is a single-valued triangular neu-
trosophic set, with truth membership T,(x), indeterminate
membership I,(x), and falsity membership function F,(x)
(Hezam et al., 2017).

Step 3: Convert the TNNSs into crisp values by using
Eq. 3.A,,,, The mean of the weighted sum vector is
divided by the corresponding criteria, and n is the num-
ber of criteria. Then, to check the matrix consistency,
calculate the consistency ratio (CR) using Eq. 5. The
value of the random index (RI) may be checked from
the AHP table. If the CR is less than 0.1, then the matrix
is consistent. Otherwise, the comparison must be made
again.
S(a)=éx(al+a2+a3)><(2+T—I—F) ?3)
Step 4: build a normalized comparison matrix by cal-
culating the sum of the columns and then divide each
column element by the corresponding sum. The sum
of each column of the normalized matrix must equal
1.\,.c The mean of the weighted sum vector is divided
by the corresponding criteria, and n is the number of
criteria. Then, to check the matrix consistency, calculate
the consistency ratio (CR) using Eq. 5. The value of the
random index (RI) may be checked from the AHP table.
If the CR is less than 0.1, then the matrix is consistent.
Otherwise, the comparison must be made again.

CR==

Step 5: find the weight of each criterion by finding
the average of the rows of the normalized matrix.A,,,,
The mean of the weighted sum vector is divided by
the corresponding criteria, and n is the number of cri-
teria. Then, to check the matrix consistency, calculate
the consistency ratio (CR) using Eq. 5. The value of
the random index (RI) may be checked from the AHP
table. If the CR is less than 0.1, then the matrix is
consistent. Otherwise, the comparison must be made
again.

Step 6: Check the comparison consistency. Calculate
the consistency index (CI) using Eq. 4. If CI is O,
then the comparison is consistent. Otherwise, the
consistency ratio must be checked.A,,,. The mean
of the weighted sum vector is divided by the cor-
responding criteria, and n is the number of criteria.
Then, to check the matrix consistency, calculate the
consistency ratio (CR) using Eq. 5. The value of the
random index (RI) may be checked from the AHP
table. If the CR is less than 0.1, then the matrix is
consistent. Otherwise, the comparison must be made
again.

n—1

Cl = “

CI

R &)
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Table 3 Linguistic variables and the equivalent of TNNs utilized for
rating industry 5.0 technologies related to the healthcare sector

Importance linguistic variable Triangular neutrosophic number

Very low influence (VLI)
Low influence (LI)

((0.10,0.30,0.35);0.1,0.2,0.15)
((0.15,0.25,0.10);0.6,0.2,0.3)
((0.40,0.35,0.50);0.6,0.1,0.2)
((0.65,0.60,0.70);0.8,0.1,0.1)
((0.70,0.65,0.80);0.9,0.2,0.1)
((0.90,0.85,0.90);0.7,0.2,0.2)
((0.95,0.90,0.95);0.9,0.10,0.10)

Partially influence (PI)
Medium important (MI)
High influence (HI)

Very high influence (VHI)
Absolute influence (AI)

4.3 Phase 3: Ranking of Industry 5.0 Technologies
in the Healthcare Sector Using Neutrosophic
TOPSIS

This phase concentrates on the evaluation of industry 5.0
technologies concerning the healthcare sector based on the
weight of its main values and sub-values determined in Phase
2, as discussed previously. The evaluation of the nine technol-
ogies (cloud computing, robotics, blockchain, 5G technology,
big data, drone technology, artificial intelligence, internet of
things, and nano-technology) is applied under a neutrosophic
environment. The steps of this phase are as follows:

e Step 7: Build the decision matrix to evaluate the technolo-
gies according to their values in the healthcare sector. The
comparison matrix elements are based on important lin-
guistic variables, meaning triangular neutrosophic numbers
(TNNSs) and substitute each important linguistic variable
with a corresponding TNN, as shown in Table 3 based on
the expertise questionnaire results.

e Step 8: After calculating the crisp evaluation matrix using
Eq. 3, form the normalization matrix by dividing each ele-
ment in the matrix by the sum of the corresponding row,
as Eq. 6 shows.

Xjj
R = (r ij)an =

m 2 (6)
Zici X

e Step 9: by utilizing the weight found from the previous
phase, calculate the weighted normalized evaluation
matrix. This matrix consists of the multiplication of each

element by the corresponding weight
V= 0 = Wi X1y ()

where w; is the weight of each technology value found in
Phase 2 using AHP.
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e Step 10: defining the positive ideal solution (PIS) and
negative ideal solution (NIS), which is the main idea of
TOPSIS, is to find the optimal decision by measuring the
distance of each alternative to these two vectors. The posi-
tive ideal solution is the maximum element of each row in
the weighted normalized matrix, while the negative ideal
solution is the minimum value, as Egs. (8-11) show.

={vivi .o 8)

v = { max,vul/er> mm,vU|J€ W] €[1...m]}.
)

A" ={v vy, ) (10)

Vo= { mm,v,]\]EJb) maxlvU|J€an)| e[l...m]}.
Y

e Step 11: Calculate each element’s distance to the PIS and
NIS using Egs. 12 and 13.

or= 3" wi-v| (12)

or= 3" wi-vr|” (13)

e Step 12: using Eq. 14, find each technology’s closeness
coefficient (CC) and rank them.
Si

T as

5 Evaluation of Industry 5.0 Technologies
and Their Value to the Healthcare Sector
Utilizing the Proposed Framework

The relevance of industry 5.0 technologies was explored
in this research section, which has shown significant lev-
erage in numerous industries in the latest years, the most
important of which is the healthcare sector, particularly the
healthcare supply chain. In Sect. 3, the nine technologies of
Industry 5.0 that will be considered in this research were
clearly explained with their impact on the healthcare service.
Furthermore, Fig. 2 shows the main values that character-
ized Industry 5.0 rather than other industrial revolutions.
In addition, the three main values and the 18 sub-values
that are classified according to these main values are clearly
shown in Fig. 2.

This study may be classified into three main parts: Firstly,
we will study each of the main values of Industry 5.0 and
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its sub-values separately to be the first level of AHP evalu-
ation. Secondly, the second level of AHP evaluation will
be to weigh the 18 sub-values to each other. Finally, the
evaluation of Industry 5.0 nine technologies according to
their sub-values in regard to healthcare will be discussed
based on TOPSIS.

5.1 Phase 2: Evaluation of Three Main Values and 18
Sub-Values Using AHP

We will now apply AHP to evaluate each main value of
Industry 5.0 to its sub-value. First, the following steps are
followed to evaluate the human-centric sub-values.

e Step 1: This value has six sub-values.

e Step 2: Apply a pairwise comparison based on a qualita-
tive scale shown in Table 2. In this step, the evaluation
will be constructed based on the questionnaire conducted
by the three experts. The three expert’s questionnaire
result is shown in Table 12 (see Appendix) as a pairwise
comparison matrix. The equivalent neutrosophic evalu-
ation matrix is shown in Table 13 (see Appendix).

e Step 3: Calculate the crisp evaluation matrix of each
expert comparison matrix.

e Steps 4 and 5: Normalized evaluation matrix of the first
expert.

e Step 6: The average consistency is 6. By calculating the
Consistency Index, We find CI as 0, indicating that the
pairwise comparison is consistent. Furthermore, the con-
sistency ratio is zero, meaning that the matrix is consist-
ent.

The pairwise comparison of the second and third experts
is illustrated in Table 14 (see Appendix). Finally, the aggre-
gated weight of human-centric sub-values is shown in
Table 9 (see Appendix). The same previous steps will be
applied in order to evaluate the sustainability and resilience

Weight of Human-centric

Weight of sustainability sub-

Table 4 Concluding weight of the 18 sub-values of industry 5.0 tech-
nologies regarding the healthcare sector

Expert 1  Expert2 Expert3 Concluding weight Rank

Al 0.0848 0.0872 0.0854 0.0858

A2 0.0860 0.0836 0.0858 0.0851 2
A3 0.0466 0.0423 0.0427 0.0439 10
A4 0.0428 0.0431 0.0430 0.0430 12
A5 0.0689 0.0706 0.0686 0.0694

A6 0.0621 0.0613 0.0628 0.0621

Bl  0.0802 0.0801 0.0781 0.0795

B2  0.0565 0.0571 0.0585 0.0574 9
B3 0.0297 0.0310 0.0284 0.0297 17
B4  0.0385 0.0360 0.0379 0.0375 14
B5 0.0706 0.0751 0.0750 0.0736 5
Cl  0.0437 0.0431 0.0438 0.0435 11
C2  0.0659 0.0640 0.0669 0.0656 7
C3  0.0824 0.0820 0.0828 0.0824

C4  0.0440 0.0429 0.0417 0.0429 13
C5  0.0287 0.0287 0.0287 0.0287 18
C6  0.0324 0.0344 0.0335 0.0334 16
C7  0.0363 0.0374 0.0364 0.0367 15

sub-values based on the three experts under neutrosophic
theory. The concluding weight and the rank of sub-values
corresponding to sustainability and resilience are shown in
Tables 10 and 11 (see Appendix). Figure 4 shows the weight
of human-centric, sustainability, and resilience and their cor-
responding sub-values.

Secondly, the second level of AHP evaluation will be to
weigh the 18 sub-values to each other based on the three
healthcare experts. The same steps of AHP will be applied,
but the evaluation matrix will be constructed based on the
qualitative scale, as shown in Table 2. The comparison
matrix in the form of linguistic variables, neutrosophic
numbers, normalized matrix, and weight are shown in

Weight of resilience sub-

Sub-values values values

02500 0224 — 03000 (745 0.283 0.2500 0212 105
_ 02000 0.163 o 0.191 ., 02000 0.157 0.146
5, 0.1500 0.125 7105 <, 0200 0.149 ( |33 5, 0.1500 54 0.118
g 0.1000 I 5 B0 I D 0.1000 I 0.076 I

2 0.1000 =
0.0500 0.0500 0.0500
0.0000 0.0000 0.0000
Al A2 A3 A4 A5 A6 B2 B3 B4 BS5 Cl C2 C3 C4 C5 Co C7

Human-centric

sustainability

Resilience

Fig.4 The weight of industry 5.0 main values and their corresponding sub-values using neutrosophic AHP
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weight

Fig.5 The weight of industry 5.0 sub-values using neutrosophic AHP

Table 5 The closeness coefficient and ranking of the nine technolo-

0.0900
0.0800
0.0700
0.0600
0.0500
0.0400
0.0300
0.0200
0.0100
0.0000

A2

B1
CONC WEIGHT 0.085 0.043 0.043 0.069 0.062 0.079 0.057 0.029 0.037 0.073 0.043 0.065 0.082 0.042 0.028 0.033 0.036

industry 5.0 sub-values on healthcare sector

A4

A5 A6

B2 C4

gies using TOPSIS

Technologies PIS NIS CC Rank
Nano-technology 0.0601 0.0570 0.4868 7
5G technology 0.0358 0.0721 0.6684 4
Drone technology 0.0626 0.0513 0.4506 8
Blockchain 0.0414 0.0654 0.6123 6
Robots 0.0655 0.0522 0.4439 9
Big data 0.0372 0.0666 0.6414 5
IoT 0.0208 0.0720 0.7757 3
Al 0.0179 0.0734 0.8041 1
Cloud computing 0.0197 0.0737 0.7889 2

Tables 15, 16, 17, 18, and 19 (see Appendix). The conclud-
ing weight of the three experts’ evaluation of the sub-val-
ues is shown in Table 4 using AHP under a neutrosophic

Fig.6 The ranking of the nine
technologies related to the
healthcare sector based on their
sub-values using TOPSIS
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environment. Figure 5 summarizes the weight of the 18
sub-values.

5.2 Phase 3: Evaluation of Nine Technologies
of Industry 5.0 Related to Healthcare and 18
Sub-Values Using TOPSIS

The third phase of the proposed framework will be
applied in this subsection. This phase examines the nine
healthcare-related technologies specified in Sect. 3.2. The
assessment procedure will be implemented based on the
18 sub-values of these technologies.

e Step 7: the comparison matrix of the nine technologies
is conducted based on the importance of linguistic vari-
ables, as shown in Table 3. The evaluation matrix is
shown in Table 20 (see Appendix). Hence, the equivalent

9 Technologies of industry 5.0 in healthcare sector
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neutrosophic evaluation matrix is shown in Table 21 (see
Appendix).

e Step 8: in this step, the crisp evaluation matrix is cal-
culated using Eq. 3. While the normalized evaluation
matrix is calculated using Eq. 6. This step’s results are
shown in Tables 22 and 23 (see Appendix).

e Steps 9 and 10: Calculate the weighted normalized
matrix using Eq. 7. Here, we will utilize the weight of
the sub-values found from Phase 2, as shown in Table 24
(see Appendix). In addition, the PIS and NIS were deter-
mined, as represented in Table 5.

e Step 11: the distance from PIS and NIS was calculated
according to Egs. 12 and 13.

e Step 12: the ranking of the nine technologies of Indus-
try 5.0 related to the healthcare sector is represented in
Table 5 and Fig. 6 based on the closeness coefficient as
aresult of Eq. 14.

5.3 Results Discussion and Managerial Implications

In this sub-section, we will discuss the application of the
proposed framework and clarify the results of each phase.
The application of AHP in this framework considered the
evaluation of Industry 5.0 main values (human-centric, sus-
tainability, and resilience) and its corresponding sub-values
on healthcare service.

Firstly, we apply the AHP to each one of the main values,
six sub-values related to human-centric values. By apply-
ing the AHP, we found that A2, which is "Disease detec-
tion that is automated and accurate," is the most important
sub-value as a result of the first healthcare expert evaluation
with a weight of 0.2241. Followed by A1, "Assist healthcare
providers with constant surveillance and monitoring" with
a weight of 0.1963, then A6, "Assisting healthcare practi-
tioners with repetitious duties, "with a weight of 0.1860.
The last three sub-values of human-centric are ranked as
follows: A4, "Assist the early detection of diseases" with
a weight of 0.1634, then A3, "Accomplishment Nanoscale
surgeries" with a weight of 0.1247, and in the last rank, A5
"Better use of robotic surgical systems with expert guidance"
with weight 0.1055.

Secondly, the result of neutrosophic AHP that was applied
to sustainability sub-values shows that BS is the most touch-
ing sub-value of sustainability with a weight of 0.2826, as
Table 10 (see Appendix) shows. The remaining sub-values
of sustainability are ranked as follows: B1 with a weight of
0.2450, B4 with a weight of 0.1908, B2 with a weight of
0.1488, and the final rank is B3 with a weight of 0.1328.

Third, the ranking of resilience sub-values as a result of
neutrosophic AHP is as follows. C2 with a weight of 0.2121,
C4 with a weight of 0.1951, C1 with a weight of 0.1572, C6

with a weight of 0.1464, C7 with a weight of 0.1178, C3
with a weight of 0.0955, C5 with weight 0.0759.

The second level of neutrosophic AHP is applied to weigh
the 18 sub-values of industry 5.0 technologies regarding the
healthcare sector. Table 4 and Fig. 5 show that the top three
sub-values are A2, Al, and C3; their weights are 0.0860,
0.0848, and 0.0824, respectively. On the other hand, the
last three sub-values are C6, B3, and C5; their weights are
0.0324, 0.0297, and 0.0287, respectively. As we can see,
the most successful sub-values of industry 5.0 technologies
in healthcare services are thinking about how to employ
smart devices to deliver the best diagnostic with the help
of healthcare experts. However, all the sub-values that were
previously determined play an important role in providing a
distinguished health service by relying on Industry 5.0 tech-
nologies rather than traditional smart healthcare services.

The second phase of the proposed framework considers
the evaluation of industry 5.0 nine technologies regarding
the healthcare sector using neutrosophic TOPSIS. This phase
is based on the weights of the 18 sub-values found from the
previous phase (AHP). Table 5 and Fig. 6 show that the
most influential technology is Al and Cloud computing, with
closeness coefficients of 0.8041 and 0.7889, respectively.
As observed, IoT and AI almost have the same closeness
coefficient, which implies that they play a significant role in
healthcare systems based on industry 5.0 technologies, espe-
cially in the management of smart medical devices utilized
in the phases of diagnosis and follow-up treatment, as well
as in the procedures of recording medical data for patients.
If we classify the nine technologies into three levels, 5G
IoT, big data, and blockchain are coming in the second level
affects the healthcare sector. In contrast, the third level will
have nano-technology, drones, and robots.

This framework has the ability to assist managers in iden-
tifying service quality gaps for smart healthcare services, as
well as to offer healthcare management insights for creat-
ing and implementing a service quality improvement pro-
gram. Moreover, the outcome of neutrosophic AHP-TOP-
SIS directs the attention of smart healthcare management
to industry 5.0 technologies that primarily address human
intelligence to deliver more resilient and sustainable ser-
vice. Particular focus is directed to technologies that assist
emotional prediction, which is absent in traditional health-
care solutions that depend solely on technical aspects. The
application of the neutrosophic theory can accommodate
vagueness and ambiguity compared with other approaches.
Furthermore, the neutrosophic theory makes it easier for
healthcare professionals to react to service quality measure-
ment standards utilizing linguistic expression. This implies
that when decision-makers and stakeholders focus on the
ultimate goal of selecting a technology that assists the
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healthcare professionals in providing the best service in the - R v
healthcare sector. - E g 2 g g =258
The findings of this study have a wide range of theoretical <|rsrslissss
implications for the researchers. The current work has first
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perspective on how to use such a combination with other
approaches to find the relevant interest aspects. The results < | o © © = =
of using the suggested framework also have a number of = 3 8828 225
managerial implications. The current COVID-19 epidemic Flsessggss22
has created an uncertain business climate, forcing healthcare
providers to reconsider the efforts and strategies they need to =
implement in order to provide smart, resilient, and sustainable 2lg + 223 0 ¢ o —
healthcare services. The recommended solutions, such as Al, g § § g § g § § § lé
cloud computing, and IdT in the development of the health- rmlITs 1T ITsss s
care industry, could be useful in helping operations managers
and service providers come up with the best strategies to cre- 228888385
ate a resilient healthcare system. § 22 gl -
6 Comparative Analysis 2eIigTaggag
c|383828888
. . ) . S|l TS T Tocos s s
The same AHP data are utilized in this comparison study o
to assess the efficacy of various ranking methods. The first = o O o~
methodology is AHP-CODAS (Biiyiikozkan & Mukul, AN EEEEEEERRE
2020), utilized to evaluate smart healthcare technologies. 4 <t s s 33S
They evaluate different healthcare technologies (Cloud com- 8
puting, IoT, big data, 3D Printers, Al, robotics) under differ- z E
ent criteria. The criteria and alternatives are identified based E é
on academic research and expert opinions. While checking 2 é _ — o w o —
the validity of these results, the same alternatives are tested o | v g § § § g § § ‘Sf §
against a variety of current techniques from the literature to % g T2TITTTEE
prove the methodology’s efficiency and performance when 2
compared to those approaches. < |
According to the weights in Table 4 found from AHP, we ;EJ %
rank the nine technologies using the AHP-CODAS technique, é g‘
as Table 6 and Fig. 7 show. The result of the comparison g | § a E % gr § % < §
shows that there are similar rankings for both techniques. E z2lgssss2S2388
For instance, the top three technologies using TOPSIS are g © ! !
Al cloud computing, and IoT, while using CODAS are cloud g o
computing, Al, and 5G. On the other side, the last three tech- 8 £ e 8
nologies using TOSIS are nano-technology, drone technol- 2 18| & é - S 2
ogy, and robots, while using CODAS are nano-technology, < %ﬂ g é g g4 e E
robots, and drone. However, the proposed neutrosophic AHP- g % % % § %o: 'i é 3
TOPSIS is more highly considering the uncertainty than Slelca=z58a2829
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Fig.7 Comparison of rank-
ing results using CODAS and
TOPSIS
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Table 7 Comparison between AHP-CODAS and AHP-TOPSIS
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Comparison sided AHP-CODAS AHP-TOPSIS
The evaluation environment  Fuzzy Neutrosophic
Type of modification Hybridization Hybridization

Technologies to be evaluated
ics

Evaluation Attributes/criteria
zation-based

Ranking of nine technologies

Correlation coefficient 0.95

Cloud computing, IoT, big data, 3D Printers, Al, robot-

Cloud computing — Al - 5G —IoT - Big data —Block
chain — Nano-technology —Robots — Drone

Industry 5.0 technologies (cloud computing, robotics,
blockchain, 5 G technology, big data, drone technol-
ogy, artificial intelligence, internet of things, and
nano-technology)

Technology-based, Human-based, system-based, organi- Human-centric, sustainability, resilience

Al - Cloud computing — IoT — 5G — Big data —Block
chain — Nano-technology — Drone — Robots

other techniques. These differences may be used to assess
the presented approach’s success, efficiency, reliability, appli-
cability, and superiority. In order to check the correspond-
ence between these two techniques, we used the Spearman
correlation coefficient, which must be more than 0.800 to
have correspondence between them. As shown in Table 7,
we find that the correlation coefficient is 0.95, which shows
no similarity between them in the ranking result. That means
the proposed neutrosophic AHP-TOPSIS has priority over
fuzzy AHP-CODAS with higher consideration of uncertainty.

7 Sensitivity Analysis

We conducted a sensitivity analysis to ensure the veracity
of our findings. To check the sensitivity of the results, we
change the weight of the 18 sub-values according to the qual-
itative scale, as Table 2 shows. In this work, we employed
TNNs. Hence, the possibilities of instability are lower, yet,
we conducted a sensitivity analysis to corroborate our results.

Since sub-value weights have a major impact on rank, any
modifications in weight value should be carefully addressed.
Figure 8 depicts the results, which indicate stability as weight
is changed. The change in closeness coefficient in sub-values
is lower or equal to the change in weight, indicating that the
model and findings are stable. We note that the first seven sce-
narios have the same values if all sub-values have the same
qualitative scale evaluation. Moreover, as Table 8 shows,
other scenarios show that when the sub-values evaluation
weight increased, the evaluation of the technologies slightly
increased as a result. Obviously, changing the weights of the
sub-values does not change the rank significantly.

8 Challenges and Future Directions
8.1 Industry 5.0 Challenges

Future-focused is the main literary stream in Industry 5.0.
In contrast to Industry 4.0, which appears to have a specific
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Fig. 8 Sensitivity analysis of
AHP-TOPSIS using differing
sub-value weights
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technology-oriented goal, i.e., the use of digital technologies
to solve specific production issues and improve productiv-
ity, Industry 5.0 follows a more comprehensive goal with
a more customer-centric as well as a more human-centric
view in general. Therefore, one may contend that Industry
5.0 is value-driven rather than technology-driven from two
points. First, Industry 5.0 regards humans as consumers who
demand highly customized products. Second, workers with
the necessary skills can work alongside robots to make this
happen. For instance, transferring patients from their homes
to hospitals for standard checkups is very challenging in the
modern era. Waiting time, transportation duration, and the
risk of patients catching different infections while passing
through this unsafe environment are just a few of the difficul-
ties. The healthcare sector is now concentrating on in-home
healthcare services, which let patients conduct physicals in
the convenience of their own homes. Industry 5.0 technology
can accomplish this easily, quickly, and accurately.

The effective and efficient delivery of healthcare services
is critical to combating emerging diseases and promoting
healthy lives and population well-being. Achieving full ben-
efit from the advantages of the technologies that character-
ize the fifth generation of industry in the healthcare field
is an interesting matter in light of the spread of epidemics
and pandemics that the world is witnessing in recent times.
Even though Industry 5.0 has the potential to transform a

@ Springer

diverse range of industries completely, several obstacles
have to be overcome, such as how to handle large datasets
and manage resources. However, many challenges prevent
the optimal realization of these advantages that serve the
best provision of health service. One of the most impor-
tant of these challenges is security. Security issues must
be checked when managing massive data and employing
cloud computing for industrial data management. The use
of automation and Al in Industry 5.0 presents threats to
the business, whereby it should enable reliable security.
Maintaining patient data privacy, especially in the health-
care industry, is one of the most crucial considerations that
must be made to provide patients with successful healthcare
and prevent ethical problems.

The reorganization of work led by humans and their collab-
oration with the robot, which necessitates coordination of work
between them, is one of the challenges facing the application
of industry 5.0 technologies. People should acquire compe-
tent abilities to work with sophisticated robots and learn about
cooperating with robots and innovative machine manufactur-
ers. Scalability in Industry 5.0 refers to a system’s performance
in various working situations, regardless of whether there are
more or less hyper-connected systems available in the network.
Scalability becomes a more severe obstacle when creating a
companionship between humans and machines or robots by
sharing their tasks.
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Data management is a significant challenge in the appli-
cation of industry 5.0 technologies. Manufacturers need to
ensure that their data management systems are capable of man-
aging the vast volumes, types, and speeds of data produced by
the Industry 5.0 environment. Additionally, this data needs to
be protected from unauthorized access, which might risk the
accuracy of the manufacturing process. In addition, One of the
issues that need to be resolved in addition to technical ones.
The necessity to understand complicated cybersecurity and
data privacy laws is one such difficulty. It is crucial to maintain
data privacy and that systems are safe from cyber attacks as
more data is created and exchanged across various technolo-
gies and systems. Industry 5.0 also poses security and privacy
issues with data. Sensitive and private data may become less
secure due to the growing usage of data-driven decision-mak-
ing processes and sophisticated technologies. Legislators must
create strong data protection laws and guidelines to guarantee
that personal data is utilized ethically and legally.

8.2 Future Directions: How Industry 5.0
Technologies Affect Healthcare Business Supply
Chains

Healthcare is regarded as a basic requirement for survival,
hence, examining the characteristics of an intelligent and
sustainable supply chain may assist a nation in developing
solutions to battle the healthcare issue. Industry 5.0 implies
a digital revolution that has changed company models, pro-
cesses, goods, and services in favor of a more efficient and
customer-focused approach to managing businesses and
their supply chains. As mass customization is a core idea
in Industry 5.0, this aids supply chain management (SCM)
in incorporating it into their manufacturing processes.
With the introduction of new technologies, industry 5.0
research is expanding and offers lucrative potential for future
developments.

By saving costs, minimizing unnecessary deviations,
and improving patient care and engagement, the integra-
tion of industry 5.0 technologies into supply chains offers
another category to healthcare systems. IoT, cloud com-
puting, robots, blockchain, and 5 G technologies are some
of Industry 5.0 technologies that can improve the level of
service through real-time information exchange, visibility,
traceability, agility, and connection throughout the supply
chain phases (Ali & Kannan, 2022).

Healthcare supply chains have seen several challenges
and significant changes over the past two years as a result
of efforts to adapt to global health pandemics. As a result,
business owners in the healthcare industry are more focused
on the resilience of the healthcare supply chains and their
ability to deal with these pandemics. Supply chain resilience
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refers to a supply chain’s capacity to manage inevitable
threats and bounce back quickly from disruptions, either
to their pre-disrupted condition or to a new, more desired
one. Creating supply chains that are flexible and sensitive
to changes in demand by introducing new items, altering
volume, controlling transactions in manufacturing and deliv-
ery, or customizing product and service characteristics to
match consumer demands is a typical response to these dis-
turbances (Gatenholm & Halldérsson, 2023). Higher degrees
of interconnection and automation throughout the healthcare
supply chain stages are made possible by the incorporation
of industry 5.0 technologies, including IoT, Al, and big data,
producing greater resilience outcomes. This is accomplished
by transferring real-time data across a 5G network between
supply chain stages, accommodating rapid responses to
unexpected distribution and enhancing resilience (Tortorella
et al., 2022). Rapid response and high-quality service will be
our recommendation and value creation for the healthcare
system and supply chains.

The influence of robotics, Al, and big data approaches on
diagnostic, maintenance, and prediction tools in healthcare
supply chains can also be studied in future research. We rec-
ommend more studies on preserving credibility, harmonies,
and effective human—machine interactions and increasing
the cooperation of workers and automated machines in the
healthcare supply chain processes. We also draw attention
to the need for more study on how industry 5.0 technolo-
gies might be used to provide a sustainable supply chain for
healthcare.

9 Conclusion

Industry 5.0 is an initiative to bring back human labor in the
workplace, where man and machine would collaborate to
improve process efficiency by fully utilizing human intel-
ligence and creativity through the way they interact with the
current intelligent technologies. Growing digital technolo-
gies continue to advance, presenting previously unantici-
pated potential in global health systems to improve health-
care service delivery. However, traditional smart healthcare
systems fail to recognize emotions due to their focus on
the purely technical aspect and their inability to link these
devices and technologies to the critical role of humans.
Industry 5.0 technologies presented many technologies that
move towards human-centric, sustainability, and flexibility
in society and industry in many sectors, especially health-
care. Particularly in the last two years, it has been evident
how critical new technologies in the healthcare field are in
combating the COVID-19 epidemic worldwide, and they
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provide excellent results. As a result, this research proposes
an integrated AHP-TOPSIS framework. The study was per-
formed under neutrosophic conditions since the evaluation
process by experts is subject to uncertainty.

This research aims to investigate and study the influence
of industry 5.0 technologies on the healthcare sector. Nine
technologies are considered in this study that is related to
healthcare systems and healthcare supply chains—they are
cloud computing, robotics, blockchain, 5G technology, big
data, drone technology, artificial intelligence, the internet of
things, and nano-technology. The evaluation process is based
on the three main values of Industry 5.0: human-centric,
sustainability, and resilience. Each value has sub-values that
influence the healthcare service.

The proposed framework is divided into two main phases.
The first is the evaluation of industry 5.0 technologies’ main
values and their sub-values using neutrosophic AHP. This
phase is divided into two steps, and the first is the evaluation
of each main value and its corresponding sub-values. The sec-
ond part is to weigh the 18 sub-value of the nine technologies
regarding healthcare services. The results show that "Disease
detection that is automated and accurate", "Assist healthcare
providers with constant surveillance and monitoring", and
"Encourages the integration of smart medical devices in addi-
tion to the remote exchange of health data" are the most sig-
nificant sub-values that affect the healthcare sector. The second
main phase is ranking the nine technology based on the 18
sub-value using TOPSIS under a neutrosophic environment.
The result of this phase shows that IoT and cloud computing
are the two main influential technologies.

One of the essential aspects of this study is its applica-
tion to various sectors that rely on industry 5.0 technologies
due to the differences between these technologies and their
influence on the performance of this industry. Although this
study addressed many aspects and technologies that influ-
ence healthcare service performance, it should have con-
sidered the consequences of using these technologies, such
as data security and privacy, technological infrastructure, a
lack of e-health regulatory laws, a lack of funding, and other
consequences. Moreover, future research can be done to
identify the difficulties Industry 5.0 technologies encounter
and come up with a workable solution. Also, Future studies
can be done to enhance intelligent control by enhancing the
existing pattern recognition algorithms as human—machine
contact increases.

Appendix

Table 9 Concluding weight of the sub-values of human-centric

Expert 1 Expert2 Expert3 Concluding weight Rank
Al 0.1927 0.2014 0.1950 0.1963 2
A2 0.2042 0.2355 0.2327 0.2241 1
A3 0.1274 0.1344 0.1123 0.1247 5
A4 0.1780 0.1513 0.1608 0.1634 4
A5 0.1096 0.0957 0.1112 0.1055 6
A6 0.1882 0.1818 0.1880 0.1860 3

Table 10 Concluding weight of the sub-values of sustainability

Expert1 Expert2 Expert3 Concluding weight Rank
Bl 0.2351 0.2604 0.2396 0.2450 2
B2 0.1630 0.1367 0.1468 0.1488 4
B3  0.1417 0.1338 0.1229 0.1328 5
B4  0.1867 0.1936 0.1921 0.1908 3
B5 0.2735 0.2756 0.2987 0.2826 1

Table 11 Concluding weight of the sub-values of resilience

Expert 1  Expert2 Expert3 Concluding weight Rank
Cl  0.1487 0.1738 0.1491 0.1572 3
C2 0.2083 0.2219 0.2060 0.2121 1
C3  0.0975 0.0887 0.1002 0.0955 6
C4  0.2044 0.1888 0.1921 0.1951 2
C5 0.0783 0.0729 0.0767 0.0759 7
C6 0.1458 0.1344 0.1592 0.1464 4
C7 0.1171 0.1195 0.1168 0.1178 5
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Table 12 Pairwise comparison
of three expertise on human-

centric values based on Al A2 A3 A4 AS A6
qualitative scale

Human-centric

Expert 1
Al ES ES VSS ES SS ES
A2 ES ES VSS ES SS SS
A3 WS PS ES PS ES PS
A4 PS ES SS ES SS ES
AS WS WS ES WS ES WS
A6 ES ES SS ES SS ES

Expert 2
Al ES PS VSS SS SS ES
A2 SS ES SS SS SS SS
A3 WS WS ES ES ES PS
A4 WS WS ES ES SS ES
AS VWS VWS ES WS ES WS
A6 ES WS SS ES VSS ES

Expert 3
Al ES ES SS ES VSS PS
A2 ES ES AS ES AS SS
A3 VWS WS ES PS ES WS
A4 PS WS ES ES SS PS
AS WS VWS ES PS ES WS
A6 ES PS SS ES SS ES

Table 13 Pairwise comparison
of three expertise on human-

centric values based on Al A2 ... A6
triangular neutrosophic numbers

Human-centric

@ Springer

Expert 1
Al ((0.5,0.5,0.5);0.9,0.1,0.1) {(0.5,0.5,0.5);0.9,0.1,0.1) {(0.5,0.5,0.5);0.9,0.1,0.1)
A2 ((0.5,0.5,0.5);0.9,0.1,0.1) {(0.5,0.5,0.5);0.9,0.1,0.1) ((0.7,0.75,0.8);0.9,0.2,0.2)
A3 ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.45,0.3,0.5);0.6,0.1,0.2) ((0.45,0.3,0.5);0.6,0.1,0.2)
A4 ((0.45,0.3,0.5);0.6,0.1,0.2)  ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.5,0.5,0.5);0.9,0.1,0.1)
A5 ((0.2,0.3,0.5);0.6,0.2,0.3) {(0.2,0.3,0.5);0.6,0.2,0.3) ((0.2,0.3,0.5);0.6,0.2,0.3)
A6 ((0.5,0.5,0.5);0.9,0.1,0.1) {(0.5,0.5,0.5);0.9,0.1,0.1) {((0.5,0.5,0.5);0.9,0.1,0.1)

Expert 2
Al ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.45,0.3,0.5);0.6,0.1,0.2) {(0.5,0.5,0.5);0.9,0.1,0.1)
A2 ((0.7,0.75,0.8);0.9,0.2,0.2)  ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.7,0.75,0.8);0.9,0.2,0.2)
A3 ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.45,0.3,0.5);0.6,0.1,0.2)
A4 ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.5,0.5,0.5);0.9,0.1,0.1)
A5 ((0.10,0.25,0.3);0.1,0.3,0.1)  ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.2,0.3,0.5);0.6,0.2,0.3)
A6 ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.5,0.5,0.5);0.9,0.1,0.1)

Expert 3
Al ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.45,0.3,0.5);0.6,0.1,0.2)
A2 ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.7,0.75,0.8);0.9,0.2,0.2)
A3 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.2,0.3,0.5);0.6,0.2,0.3)
A4 ((0.45,0.3,0.5);0.6,0.1,0.2)  ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.45,0.3,0.5);0.6,0.1,0.2)
A5 ((0.2,0.3,0.5);0.6,0.2,0.3) ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.2,0.3,0.5);0.6,0.2,0.3)
A6 ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.45,0.3,0.5);0.6,0.1,0.2) ((0.5,0.5,0.5);0.9,0.1,0.1)
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Table 14 Normalization,

weight, weighted sums, and for
the human-centric sub-values by Al A2 A3 A4 A5 A6 Weight WS Rank
the second and third expert

Human-centric

Expert 2
Al 02128 02006 02174 02206  0.1787  0.1780  0.2014 1.2082 2
A2 0.2956  0.2826  0.1881 02206  0.1787  0.2473  0.2355 1.4129 1
A3 0.1104 0.1465 0.1355  0.1588  0.1287  0.1264  0.1344 0.8062 5
A4 0.1104 0.1465  0.1355  0.1588  0.1787  0.1780  0.1513 09079 4
A5 0.0581 0.0771 0.1355  0.0824  0.1287  0.0923  0.0957 05740 6
A6 0.2128  0.1465  0.1881 0.1588  0.2065  0.1780  0.1818 1.0909 3

Expert 3
Al 02222  0.2488  0.1817  0.1845  0.1946  0.1382  0.1950 1.1699 2
A2 0.2222  0.2488  0.2442  0.1845 0.2263  0.2704  0.2327 1.3963 1
A3 0.0606  0.1290  0.1308  0.1310  0.1212  0.1010  0.1123 0.6736 5
A4 0.1577  0.1290  0.1308  0.1845  0.1684  0.1947  0.1608 09651 4
A5 0.1152  0.0679  0.1308  0.1310  0.1212  0.1010  0.1112 0.6670 6
A6 0.2222  0.1766  0.1817  0.1845 0.1684  0.1947  0.1880 1.1280 3

Table 15 Evaluation matrix of industry 5.0 sub-values in regard to healthcare sector based on importance linguistic variables

Expert1 Al A2 A3 A4 A5 A6 B1 B2 B3 B4 B5 Cl C2 C3 c4 G5 Co6 (7

Al ES ES VSS VSS SS SS ES VSS AS VSS ES VSS SS ES VSS AS AS VSS
A2 ES ES VSS VSS SS SS ES VSS AS AS ES VSS SS ES VSS AS AS AS
A3 WS WS ES ES WS ES VWS WS SS ES WS ES PS VWS ES SS SS SS
A4 VWS VWS ES ES WS ES VWS WS SS ES WS ES PS VWS PS SS SS SS
A5 WS WS VSS SS ES ES ES SS VSS VSS ES SS ES PS SS  VSS VSS VSS
A6 WS WS SS ES ES ES PS ES SS SS PS ES ES ES SS VSS VSS SS
B1 ES ES VSS SS ES SS ES SS AS VSS ES SS SS ES VSS AS SS  VSS
B2 VWS VWS SS ES ES ES PS ES SS SS PS ES ES WS SS VSS VSS SS
B3 VWS VWS WS WS VWS WS VWS WS ES PS VWS WS WS VWS PS ES ES PS
B4 VWS VWS ES ES VWS WS VWS PS SS ES VWS PS WS WS ES SS ES ES
B5 WS WS VSS VSS ES ES ES SS AS VSS ES SS ES PS SS AS  VSS VSS
C1 VWS VWS ES ES WS ES VWS WS SS ES PS ES PS VWS PS SS SS SS
Cc2 WS VWS VSS SS ES ES ES SS VSS VSS ES SS ES WS SS SS  VSS VSS
C3 ES ES VSS SS SS SS ES SS AS VSS ES VSS SS ES VSS AS SS VSS
C4 WS VWS ES ES VWS ES VWS WS SS ES WS ES PS VWS ES SS SS SS
(6] VWS VWS WS WS VWS WS VWS WS ES WS VWS WS WS VWS WS ES ES PS
Co6 VWS VWS WS WS VWS VWS VWS WS SS ES VWS PS WS VWS PS SS ES ES
Cc7 VWS VWS ES ES VWS VWS VWS WS SS ES VWS PS WS WS PS SS ES ES
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Table 16 Evaluation matrix of industry 5.0 sub-values in regard to healthcare sector based on neutrosophic numbers

Expert 1 Al A2 Co6 C7

Al ((0.5,0.5,0.5);0.9,0.1,0.1)  ((0.5,0.5,0.5);0.9,0.1,0.1) . ((0.95,0.90,0.95);0.9,0.10,0.10) ((0.85,0.8,0.95);0.8,0.1,0.2)
A2 ((0.5,0.5,0.5);0.9,0.1,0.1)  ((0.5,0.5,0.5);0.9,0.1,0.1) . ((0.95,0.90,0.95);0.9,0.10,0.10) ((0.95,0.90,0.95);0.9,0.10,0.10)
A3 ((0.2,0.3,0.5);0.6,0.2,0.3)  ((0.2,0.3,0.5);0.6,0.2,0.3) . ((0.7,0.75,0.8);0.9,0.2,0.2) ((0.7,0.75,0.8);0.9,0.2,0.2)
A4 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.7,0.75,0.8);0.9,0.2,0.2) ((0.7,0.75,0.8);0.9,0.2,0.2)
AS ((0.2,0.3,0.5);0.6,0.2,0.3)  ((0.2,0.3,0.5);0.6,0.2,0.3) .. ((0.85,0.8,0.95);0.8,0.1,0.2) ((0.85,0.8,0.95);0.8,0.1,0.2)
Ab ((0.2,0.3,0.5);0.6,0.2,0.3)  ((0.2,0.3,0.5);0.6,0.2,0.3) ... ((0.85,0.8,0.95);0.8,0.1,0.2) ((0.7,0.75,0.8);0.9,0.2,0.2)
B1 ((0.5,0.5,0.5);0.9,0.1,0.1)  ((0.5,0.5,0.5);0.9,0.1,0.1) ... ((0.7,0.75,0.8);0.9,0.2,0.2) ((0.85,0.8,0.95);0.8,0.1,0.2)
B2 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.85,0.8,0.95);0.8,0.1,0.2) ((0.7,0.75,0.8);0.9,0.2,0.2)
B3 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.45,0.3,0.5);0.6,0.1,0.2)
B4 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.5,0.5,0.5);0.9,0.1,0.1)
B5 ((0.2,0.3,0.5);0.6,0.2,0.3)  ((0.2,0.3,0.5);0.6,0.2,0.3) ... ((0.85,0.8,0.95);0.8,0.1,0.2) ((0.85,0.8,0.95);0.8,0.1,0.2)
C1 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.7,0.75,0.8);0.9,0.2,0.2) ((0.7,0.75,0.8);0.9,0.2,0.2)
c2 ((0.2,0.3,0.5);0.6,0.2,0.3)  ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.85,0.8,0.95);0.8,0.1,0.2) ((0.85,0.8,0.95);0.8,0.1,0.2)
C3 ((0.5,0.5,0.5);0.9,0.1,0.1)  ((0.5,0.5,0.5);0.9,0.1,0.1) ... ((0.7,0.75,0.8);0.9,0.2,0.2) ((0.85,0.8,0.95);0.8,0.1,0.2)
C4 ((0.2,0.3,0.5);0.6,0.2,0.3)  ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.7,0.75,0.8);0.9,0.2,0.2) ((0.7,0.75,0.8);0.9,0.2,0.2)
C5 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.45,0.3,0.5);0.6,0.1,0.2)
Cco6 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.5,0.5,0.5);0.9,0.1,0.1)
Cc7 ((0.10,0.25,0.3);0.1,0.3,0.1) ((0.10,0.25,0.3);0.1,0.3,0.1) ... ((0.5,0.5,0.5);0.9,0.1,0.1) ((0.5,0.5,0.5);0.9,0.1,0.1)
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Table 20 Evaluation matrix of 9 technologies based on importance linguistic variables

Expert 1 Al A2 A3 A4 A5 A6 Bl B2 B3 B4 B5 CI C2 C3 C4 C5 Co6 (7
Cloud computing VHI MI Al VHI LI LI HI VHI LI MI VLI Al VHI VLI VLI VLI LI LI
Drone technology HI VHI MI HI HI LI LI MI Al MI VHI MI Al Al HI HI VHI MI
Al LI VLI MI LI VHI HI HI HI HI MI VHI LI VHI LI LI LI MI LI
IoT HI HI LI MI LI HI MI VHI LI LI HI HI VHI VHI HI HI VHI HI
Robots LI VLI LI LI Al HI HI HI HI LI VHI LI HI LI LI LI HI MI
Blockchain HI HI LI VHI HI VHI MI MI HI MI HI HI LI HI HI HI VHI MI
Big Data VHI VHI MI VHI VHI HI MI HI VHI HI HI VHI HI MI HI HI HI HI
Nano-technology HI  HI HI HI VHI HI HI Al Al VHI VHI HI HI HI VHI VHI MI HI
5G Technology VHI HI MI HI MI HI MI HI VHI MI MI VHI MI Al HI HI Al MI
Table 21 Evaluation matrix of 9 technologies based on neutrosophic number

Expert 1 Al A2 . Cé6 C7

Cloud computing
Drone technology
Al

IoT

Robots
Blockchain

Big Data
Nano-technology
5G Technology

((0.90,0.85,0.90);0.7,0.2,0.2§(0.65, 0.60, 0.70);0.8,0.1,0.1)...
((0.70,0.65,0.80);0.9, 0.2, 0.1§(0.90, 0.85,0.90);0.7,0.2,0.2)...
((0.15,0.25,0.10);0.6, 0.2, 0.3§(0.10, 0.30, 0.35);0.1, 0.2, 0.15).
((0.70,0.65,0.80);0.9,0.2,0.1§(0.70, 0.65,0.80);0.9,0.2,0.1)...
((0.15,0.25,0.10);0.6,0.2,0.3§(0.10, 0.30, 0.35);0.1, 0.2, 0.15).
((0.70,0.65,0.80);0.9,0.2,0.1(0.70, 0.65, 0.80);0.9,0.2,0.1)...
((0.90,0.85,0.90);0.7,0.2,0.2(0.90, 0.85, 0.90);0.7,0.2,0.2)...
((0.70,0.65,0.80);0.9,0.2,0.1%(0.70, 0.65, 0.80);0.9,0.2,0.1)...
((0.90,0.85,0.90);0.7,0.2,0.2§(0.70, 0.65,0.80);0.9,0.2,0.1)...

((0.15,0.25,0.10);0.6,0.2,0.3§(0.15,0.25, 0.10);0.6,0.2,0.3)
((0.90,0.85,0.90);0.7,0.2,0.2§(0.65, 0.60, 0.70);0.8, 0.1, 0.1)
{(0.65,0.60,0.70);0.8,0.1,0.1§(0.15,0.25,0.10);0.6,0.2,0.3)
{(0.90,0.85,0.90);0.7,0.2,0.2§(0.70, 0.65, 0.80);0.9,0.2,0.1)
{(0.70,0.65,0.80);0.9,0.2,0.1§(0.65, 0.60, 0.70);0.8,0.1,0.1)
{(0.90,0.85,0.90);0.7,0.2, 0.2§(0.65, 0.60, 0.70);0.8,0.1,0.1)
{(0.70,0.65,0.80);0.9,0.2,0.1§(0.70, 0.65, 0.80);0.9,0.2,0.1)
{(0.65,0.60,0.70);0.8,0.1,0.1§(0.70, 0.65, 0.80);0.9,0.2,0.1)
((0.95,0.90,0.95);0.9,0.10, 0.4@®.65, 0.60, 0.70);0.8,0.1,0.1)

@ Springer



Information Systems Frontiers

965€°0  687Y'0 0860 0860 PP8Y'0 T86TO 1€8C0 LBOE'O €6SE°0 €I9€°0 98I€0 1S€€0 TILED O0SIE0 199€°0 SE€9€°0 869¢€0 SH6£0 ASofouypay, DG
696£°0 1100 6EEH0 6EEH0  TBSEO LSTEO F#ISE0 TILEOD 6IEF0 T8PF0  60Er’0 S69€0 TILEO L8LED 199€0 8000 869€0 619¢°0  A3ojouyosr-oueN
96€'0 61cc’0 0860 0860 8¥cE0 LBCEO [€8¢0 €0¥E0 19660 €190 98I€0 1SE€0 TILED LBLED T66£0 S€9¢'0 €00  S6E0 ele( Sig
966€°0 6190 086E£0 086£0 <T8SEO0 LISO PISECO €0vE0 €6S€0 ¥IEE0 068C0 ISEC0 LYOY'0 €L¥e0 T66E0 €SLO0 869€0 619¢°0 ureyoyoorg
966€'0 61¢€0 LrLOO LVLOO €900 L8CEO 09900 TILEO PPLOO PIEEO0 98IE0 S69¢0 CILEO L69Y'0 88900 €SL0O0 89800 08900 $1090Y
€960 6I9¢'0 086€0 08660 €060 +8SE0 VISED €OPE0 vPLO'O CTCO00 PLPEOD 1SEE0 TILEO TE900 ICEC0 €SL00 869¢0 619¢0 I0I
SyL0'0  T10€0 LYPLOO LYPLOO €L900 #8SE0 09900 IILEO €65€0 vIcc’0 98I0 S69¢0 TILEO LBLEO 88900 S€9¢0 89800 0890°0 v
96S€'0  619€°0 086£°0 086€0 870 OvFy'0 L8ICO TILEO €6S€0 T8PF0 068T0 #6900 L6900 ELVED 199€0 SE9€°0 €EOF0 619¢'0  ASojouydan auoiq
SPLO'0  €290°0 $E60°0 ¥E60'0 I¥80°0 ¥8SE0  TSLY'O  66L0°0 €6SE0  CTIOO  PLFEOD SE9E0 L6900 TS90'0  TE6E0 0TYSO FSEEO SP6E0  Sunndwoos pnofy
LD 90 O 18 (50 [40) 1o cd 7d cd cd d 9V 4 144 (A4 v v [ 1adxg
XLIJeW UONeN[eAd PIZI[EWLION €7 d|qel

8€E€90 0SY6'0 88690 88690 0SY6'0 8EE9'0 6I9L°0 8€€90 8E€9'0 619L°0 88690 8E€90 88690 8E€9'0 88690 8£€90 88690 6I9L°0 ASofouypay, DG
8869°0 8€£9°0 619L°0 6I9L0 88690 88690 88690 6I9L0 6I9L0 0SF6'0 0S¥6'0 88690 88690 6I9L0 88690 88690 88690 88690  ASojouyor-oueN
8869'0 88690 88690 88690 8c£90 88690 6I9L0 88690 88690 6I9L°0 88690 8€€90 88690 6I9L0 6I9L0 890 6I9L°0 619L°0 ele( Sig
8EE9'0 6I9L°0 88690 88690 88690 CIEI'0 88690 88690 890 88690 8c€90 8€E90 6I9L0 88690 6I9L0 €IcI'0 88690 88690 ureyoyoorg
8€€9'0 88690 <cIEl'0 ¢€IEl'0 €IET'0 88690 €ICI'0 6I9L°0 €Icl'0 88690 88690 88690 88690 O0S¥6'0 <€Icl'0 €Iel'0 I¥9I°0 €IET0 1090y
88690 6I19L°0 88690 88690 6I9L0 6I9L0 88690 88690 <€IcI'0 <€IEl'0 619L°0 8E€90 88690 €ICT'0 890 €IEI'0 88690 88690 I0I
€Iel’0  8¢€9'0 ¢€Iel'0 ¢€Iel'0 €IE'0 6I9L0 €IEI'0 6I9L°0 890 88690 88690 88690 88690 6I9L0 €IcT'0 8¢e90 I¥9I'0 €IEl0 v
8€€9'0  6I9L°0 88690 88690 0S¥6'0 0SF6'0 8€€9°0 6I9L0 8E€90 0SH6'0 8€€90 E€IEI'0 €IEI'0 88690 88690 8€€90 619L°0 88690 £So[ouyoal duoiq
€IET0  €IET0 I¥91'0 I¥91°0 IH91°0 6I9L°0 0SF6'0 IH91°0 8E€90 €IEI'0 6I9L°0 88690 €ISI'0 €IET0 6I9L0 0S¥6'0 8€€9°0 619L.°0  Sunndwos pnoy
LD 90 O 18 (30 [40) 1o cd 7d cd cd d 9V A4 144 (A4 v v [ 1adxg

SoIS0[0UYD9) QUIU JY) JO XILHeW uonenyeAd dsiu) gz ajqelL

pringer

AQs



Information Systems Frontiers

Table 24 Weighted normalized matrix

A2 A3 A4 AS A6 B1 B2 B3 B4 B5 Cl1 C2 C3 C4 C5 C6 C7

Al

Expert 1

0.0027
0.0132
0.0027
0.0145
0.0132
0.0132
0.0145
0.0145

0.0114 0.0150 0.0132

0.0045 0.0043 0.0294 0.0199 0.0018 0.0135 0.0059 0.0207 0.0235 0.0069 0.0040 0.0027 0.0021

0.0338 0.0286 0.0238 0.0171

Cloud computing

0.0114 0.0121

0.0043 0.0055 0.0166 0.0133 0.0135 0.0273 0.0139 0.0292 0.0399 0.0171

0.0058 0.0074 0.0159 0.0030 0.0263 0.0230 0.0294 0.0183 0.0098 0.0135 0.0273 0.0029 0.0235 0.0055 0.0032 0.0021

0.0310 0.0315 0.0033 0.0143 0.0045 0.0230 0.0266 0.0199 0.0018 0.0028 0.0250 0.0153 0.0235 0.0322 0.0171

Drone technology  0.0310 0.0343 0.0159 0.0157 0.0241

Al

0.0101

0.0114 0.0121

IoT

0.0111

0.0114 0.0121

0.0058 0.0074 0.0033 0.0030 0.0326 0.0230 0.0294 0.0183 0.0098 0.0028 0.0273 0.0029 0.0216 0.0055 0.0032 0.0021

Robots

0.0295 0.0171

0.0266 0.0166 0.0098 0.0135 0.0250 0.0153 0.0041
0.0263 0.0230 0.0266 0.0183 0.0107 0.0148 0.0250 0.0167 0.0216 0.0268 0.0171

0.0310 0.0315 0.0176 0.0157 0.0263 0.0230 0.0294 0.0247 0.0133 0.0162 0.0273 0.0153 0.0216 0.0295 0.0186 0.0125 0.0101

0.0338 0.0315 0.0159 0.0157 0.0219 0.0230 0.0266 0.0183 0.0107 0.0135 0.0227 0.0167 0.0196 0.0399 0.0171

0.0338 0.0343 0.0238 0.0171

0.0251

0.0241

0.0310 0.0315 0.0033 0.0171
0.0338 0.0343 0.0159 0.0171

Blockchain
Big Data

0.0114 0.0111

Nano-technology
5G Technology

A+

0.0294 0.0247 0.0133 0.0162 0.0273 0.0207 0.0292 0.0399 0.0186 0.0125 0.0150 0.0145

0.0326 0.0251

0.0027

0.0021

0.0058 0.0074 0.0033 0.0030 0.0045 0.0043 0.0055 0.0166 0.0018 0.0028 0.0059 0.0029 0.0041 0.0055 0.0032 0.0021
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