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Abstract: This review paper provides a comprehensive analysis of the automation of smart education
in the context of Industry 5.0 from 78 papers, focusing on the integration of advanced technologies and
the development of innovative, effective, and ethical educational solutions for the future workforce.
As the world transitions into an era characterized by human—machine collaboration and rapidly
evolving technologies, there is an urgent need to recognize the pivotal role of smart education in
preparing individuals for the opportunities and challenges presented by the new industrial landscape.
The paper examines key components of smart education, including intelligent tutoring systems,
adaptive learning environments, learning analytics, and the application of the Internet of Things (IoT)
in education. It also discusses the role of advanced technologies such as artificial intelligence (AI),
machine learning (ML), robotics, and augmented and virtual reality (AR/VR) in shaping personalized
and immersive learning experiences. The review highlights the importance of smart education in
addressing the growing demand for upskilling and reskilling, fostering a culture of lifelong learning,
and promoting adaptability, resilience, and self-improvement among learners. Furthermore, the
paper delves into the challenges and ethical considerations associated with the implementation of
smart education, addressing issues such as data privacy, the digital divide, teacher and student
readiness, and the potential biases in Al-driven systems. Through a presentation of case studies and
examples of successful smart education initiatives, the review aims to inspire educators, policymakers,
and industry stakeholders to collaborate and innovate in the design and implementation of effective
smart education solutions. Conclusively, the paper outlines emerging trends, future directions, and
potential research opportunities in the field of smart education, emphasizing the importance of
continuous improvement and the integration of new technologies to ensure that education remains
relevant and effective in the context of Industry 5.0. By providing a holistic understanding of the key
components, challenges, and potential solutions associated with smart education, this review paper
seeks to contribute to the ongoing discourse surrounding the automation of smart education and its
role in preparing the workforce for the future of work.

Keywords: smart education; Industry 5.0; artificial intelligence in education; ethical considerations
in smart education; upskilling and lifelong learning

1. Introduction

Industry 5.0, referred to as the “human-centric industry,” represents a transformative
paradigm in the evolution of industrial manufacturing and automation. Building on the
foundations of its predecessors, Industry 4.0, Industry 5.0 places a renewed emphasis on
the intrinsic value of human labor, creativity, and skills within the industrial ecosystem.
This concept reimagines the relationship between humans and machines in manufacturing
by advocating for a holistic, collaborative, and symbiotic approach [1]. In essence, Indus-
try 5.0 seeks to combine the strengths of human workers, characterized by adaptability,
problem-solving abilities, and emotional intelligence, with the precision and efficiency of
automated systems and robotics. It recognizes the limitations of pure automation and
artificial intelligence, particularly in complex decision-making, innovation, and contexts
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requiring empathy and human judgment. Consequently, Industry 5.0 promotes the integra-
tion of workers into manufacturing processes alongside advanced technologies to enhance
productivity, product quality, and overall competitiveness [2]. It envisions a future where
humans and machines work together harmoniously, each contributing their own unique
strengths and fostering a more agile, sustainable, and responsive industrial landscape. This
shift is of paramount importance in the current era, as it responds to the ever-increasing
need for customization, flexibility, and rapid adaptation in the face of dynamic market
demands. In this manuscript, we explore the theoretical foundations, practical implications,
and the potential impact of Industry 5.0 on various industrial sectors.

Industry 5.0, also known as the Fifth Industrial Revolution, represents a new phase
in the evolution of industrial processes, characterized by a shift towards human—-machine
collaboration and the integration of advanced technologies across various sectors [3]. Klaus
Schwab, the founder and executive president of WEF, introduced the concept of the Fourth
Industrial Revolution, also known as Industry 4.0, which focused on automation, digiti-
zation, and the implementation of cyber-physical systems to optimize productivity and
efficiency [4]. Figure 1 demonstrates the revolution of industry throughout the generations,
from the first generation to the fifth generation.
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Figure 1. Industry Revolution.

The evolution of industrial revolutions can be summarized as follows:

(@) Industry 1.0: originating in the late 18th century, the First Industrial Revolution was
marked by the transition from manual labor to mechanized production methods,
driven by the invention of steam engines and the establishment of factories;

(b) Industry 2.0: emerging in the late 19th and early 20th centuries, the Second Industrial
Revolution witnessed the advent of mass production and assembly lines, facilitated
by the widespread use of electricity and the development of new materials and
chemical processes;

(¢) Industry 3.0: spanning the mid-20th century, the Third Industrial Revolution, also
known as the digital revolution, introduced the use of computers, electronics, and
automation in manufacturing processes, leading to enhanced efficiency and precision;

(d) Industry 4.0: beginning in the early 21st century, the Fourth Industrial Revolution
emphasized the digitization of manufacturing and the adoption of cyber-physical sys-
tems, data analytics, and the Internet of Things (IoT) to create connected, responsive,
and self-optimizing production systems;

(e) Industry 5.0: emerging in the 21st century, Industry 5.0 represents a progressive shift
towards a human-centric approach in manufacturing. This revolution builds upon the
foundations of Industry 4.0 but reimagines the role of humans in industrial processes.
It promotes the integration of human workers alongside advanced technologies
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to harness the unique qualities of human creativity, adaptability, problem-solving,
and empathy. Industry 5.0 envisions a symbiotic relationship between humans and
machines, fostering collaboration and co-creation to achieve greater productivity,
quality, and flexibility in manufacturing. It acknowledges the limitations of full
automation and Al in areas requiring complex decision-making, innovation, and
human judgment. As a response to dynamic market demands, Industry 5.0 aims
to create mass customization in a more agile, sustainable, and responsive industrial
landscape by combining the strengths of both humans and machines.

1.1. Industry 4.0 and Industry 5.0-The Difference

The concept of Industry 5.0, as discussed [5] differs notably from its predecessor,
Industry 4.0. Firstly, it raises concerns about the nomenclature used for these industrial rev-
olutions. The short time span between Industry 4.0’s inception in 2011 and the emergence
of Industry 5.0 prompts questions about the potential confusion and marketing-driven
nature of labeling successive developments as new industrial revolutions. It also introduces
the idea that a truly technology-driven revolution in fields like biological transformation or
quantum technologies might warrant its own category, separate from the Fourth Industrial
Revolution, with a focus on societal and ecological values.

Secondly, Industry 5.0 represents a shift from a technology-driven perspective to one
centered around values. It argues that the purpose of technology should be to support
human-centricity, ecological well-being, and social benefits rather than dictating societal
change. This approach acknowledges the evolving nature of value creation, exchange, and
distribution, particularly within the context of the fourth industrial revolution.

Moreover, Industry 5.0 emphasizes human-centricity and the role of technology in
enhancing and supporting human capabilities, rather than replacing them. It strives for
safer and more satisfying working environments, prioritizing the empowerment of workers.
Industry 5.0 introduces a socio-centric perspective that extends beyond human-centricity.
It aims to encompass broader societal and ecological values, recognizing the increased
complexity of governance and responsible technology design required to achieve these
goals. Lastly, Industry 5.0 does not seek to replace Industry 4.0 but rather to complement
and extend its fundamental features. It represents an evolutionary continuation of the
Fourth Industrial Revolution paradigm, incorporating a more comprehensive set of values,
which transition from human-centric to socio-centric perspectives. This juxtaposition of
values with technology signifies the maturation and evolution of the industrial revolution
concept, addressing the dynamic societal changes driven by Industry 4.0 technologies.

Industry 5.0 builds on the advancements of Industry 4.0 by prioritizing the symbiotic
relationship between humans and machines, aiming to combine the strengths of human
intelligence, creativity, and empathy with the efficiency, accuracy, and speed of machines [6].
The main goal of Industry 5.0 is to create a more sustainable, innovative, and human-
centric industrial landscape, addressing social, environmental, and economic challenges [7].
Industry 5.0 is fueled by an array of advanced technologies that are revolutionizing various
sectors and transforming the way we work, live, and learn. These key technologies and
their impact on education can be summarized as follows:

(a) Artificial intelligence (AI) and machine learning (ML): Al and ML enable machines
to learn from data, recognize patterns, and make decisions with minimal human
intervention [8]. In the context of education, Al-powered tools can assist in creating
personalized learning experiences by analyzing individual learning styles, preferences,
and progress [9]. Additionally, Al can facilitate the development of intelligent tutoring
systems that can adapt to learners’ needs and provide targeted feedback, enhancing
the overall learning process, such as video games [10];

(b) Robotics: robotics technology involves the design, construction, and operation of
robots that can perform tasks autonomously or semi-autonomously. In education,
robots can be used for hands-on learning experiences, teaching programming and
engineering concepts, and even assisting students with special needs [11]. Further-
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more, collaborative robots or “cobots” can be employed in Industry 5.0 training
environments, fostering effective human-robot interaction and teamwork;

(¢) Augmented reality (AR) and virtual reality (VR): AR and VR technologies enable the
creation of immersive and interactive digital environments. In education, AR/VR
applications can be used to simulate real-world scenarios, providing learners with
engaging and experiential learning opportunities [12]. This can be particularly useful
in fields such as healthcare, engineering, and architecture, where students can practice
their skills in a safe, risk-free environment before applying them in real-life situations;

(d) Internet of Things (IoT): IoT refers to the interconnection of physical devices, vehicles,
buildings, and other items embedded with sensors, software, and network connectiv-
ity, allowing them to collect and exchange data. In education, IoT can be leveraged
to create smart classrooms and campuses that offer enhanced learning experiences
through the use of interconnected devices, real-time data analytics, and personalized
content delivery;

(e) Advanced analytics: advanced analytics encompasses techniques such as predictive
and prescriptive analytics, which use historical data to forecast future trends and
make recommendations for optimal actions. In education, advanced analytics can be
employed to identify patterns in students’” performance, behavior, and engagement,
enabling educators to make data-driven decisions that support student success and
improve learning outcomes [13,14].

The integration of these technologies in education is leading to the emergence of
smart education, which seeks to create adaptive, personalized, and immersive learning
experiences that cater to the diverse needs of learners. The impact of these technologies
on education is profound, necessitating the development of new pedagogical approaches,
learning models, and curricula that align with the requirements of Industry 5.0.

As Industry 5.0 continues to reshape the global economy, the demand for skilled work-
ers with proficiency in new technologies and interdisciplinary expertise is increasing [15].
Traditional jobs are evolving, and entirely new roles are emerging, making it essential for
the workforce to adapt to these changes. Consequently, smart education plays a critical
role in upskilling and reskilling the workforce to meet these demands and ensure that
individuals can thrive in the new industrial landscape.

Upskilling refers to the process of providing individuals with the necessary training
and education to enhance their existing skills and acquire new competencies relevant
to their current roles. Reskilling, on the other hand, involves retraining individuals for
new roles or industries in response to shifts in the job market caused by technological
advancements or economic factors. Smart education supports workforce upskilling and
reskilling in several ways.

1.2. Personalized Learning Experiences

By leveraging Al and ML, smart education can provide tailored learning experiences
that cater to individual learners’ needs, preferences, and abilities [16]. This enables more
effective skill development and knowledge acquisition, as learners can focus on areas where
they need improvement or explore new topics at their own pace.

1.3. Adaptive Learning Environments

Smart education systems can adapt to learners’ progress, adjusting the difficulty
of content and providing real-time feedback based on their performance. This helps
ensure that learners receive the appropriate level of challenge and support, maximizing the
effectiveness of the learning process [17].

1.4. Immersive Learning Experiences

Through AR/ VR technologies, smart education can offer engaging, experiential learn-
ing opportunities that facilitate the development of practical skills and competencies [18].
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These immersive experiences enable learners to practice their skills in realistic, risk-free
environments, promoting the transfer of knowledge to real-world situations.

1.5. Data-Driven Insights

By harnessing advanced analytics and learning analytics, smart education systems can
generate insights into learners’ performance, engagement, and progress [19]. These insights
enable educators, policymakers, and industry stakeholders to make informed decisions
about curriculum design, resource allocation, and workforce development strategies.

1.6. Lifelong Learning

Smart education promotes a culture of continuous learning and self-improvement,
encouraging individuals to actively engage in upskilling and reskilling efforts throughout
their careers [20]. This fosters adaptability, resilience, and a growth mindset, which are
essential traits for success in the rapidly evolving landscape of Industry 5.0.

1.7. Research Gap and Contribution

The research gap within the context of Industry 5.0 is a multifaceted challenge that
encompasses technological, organizational, political, and societal dimensions. A notable
research gap pertains to the complex interplay between these dimensions, especially in
understanding and addressing the socio-centric and eco-centric values embedded within
Industry 5.0. In this respect, Maddikunta and his co-authors in 2021 underscore the impor-
tance of exploring how Industry 5.0, which places an emphasis on societal and ecological
well-being, can be practically implemented while ensuring the alignment of technology
with human-centricity. The 2020 European Commission paper highlights the need to de-
velop and implement policies that promote retraining and lifelong learning to address
upcoming labor and skills shortages. It also calls for examining the societal heterogeneity to
integrate diverse values and needs across various segments of the population, considering
factors such as age, gender, cultural background, and diversity. Furthermore, the paper
suggests that Industry 5.0 should move beyond the concept of corporate social respon-
sibility (CSR) as a marketing tool and instead seek regulatory incentives to encourage
companies, particularly SMEs, to embrace CSR as a core value, promoting societal and
ecological well-being. Maddikunta and his co-authors also recognizes a critical research
gap in addressing the interdisciplinary and systemic nature of Industry 5.0. It advocates for
an interdisciplinary approach to research and design that involves engineering, technology,
life sciences, environmental and social sciences, and the humanities. This interdisciplinary
aspect is crucial in understanding the complex interactions between ecological, social, and
economic factors within Industry 5.0. Additionally, the paper underscores the need for a
systemic approach, which considers the interrelations at various scales of systems and the
dynamic interactions among different industries and research disciplines.

The research gap in Industry 5.0 pertains to economic models that make ecological
and social values approachable and financially sustainable. Mourtzis and other researchers
emphasize the need for business models that align with ecological and social values and
explore innovative mechanisms, such as digital platforms and ecosystems, to integrate
multiple stakeholders. It also addresses the challenge of reconciling economic targets with
ecological and social objectives to ensure that the economic dimension is not overlooked,
leading to a holistic approach to economic, social, and environmental well-being.

Lastly, scalability represents a substantial research gap. The 2020 European Commis-
sion paper identifies that many Industry 4.0 technologies are yet to be fully implemented,
particularly in SMEs and across entire value chains, and stresses the need for standard-
ization and policy support for broader implementation. Achieving scalability necessitates
a comprehensive understanding of entire industries and ecosystems, involving not only
leading players but also SMEs, research organizations, universities, and legislative bodies.
Research should focus on the systematic approach to scaling up new technologies and
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fostering widespread adoption of Industry 5.0 across a broader spectrum of industry sectors
and businesses, ultimately maximizing its impact on societal and ecological well-being.

1.8. The Scope and Objectives of the Paper

The primary objective of this review paper is to provide a comprehensive analysis
of the automation of smart education in the context of Industry 5.0. By examining the
key components, technologies, and potential implications of smart education, we aim to
inform educators, policymakers, and industry stakeholders about the critical role of smart
education in preparing the workforce for the challenges and opportunities presented by
the rapidly evolving industrial landscape.

The scope of the review paper includes the following topics:

(a) Key components of smart education: we will explore the essential elements of smart
education, such as intelligent tutoring systems, adaptive learning environments,
learning analytics, and the application of the Internet of Things (IoT) in education;

(b) Automation technologies in smart education: we will discuss the role of advanced
technologies, such as artificial intelligence (Al), machine learning (ML), robotics, and
augmented and virtual reality (AR/VR), in shaping personalized and immersive
learning experiences;

(¢) Integration of smart education within Industry 5.0: we will examine the incorporation
of smart education in Industry 5.0, focusing on collaborative learning, human-robot in-
teraction, competency-based education, skills assessment, and corporate partnerships;

(d) Challenges and ethical considerations: we will address the challenges and ethical
concerns associated with the implementation of smart education, including data
privacy, the digital divide, teacher and student readiness, and potential biases in
Al-driven systems;

(e) Future directions and research opportunities: we will outline emerging trends, fu-
ture directions, and potential research opportunities in the field of smart education,
emphasizing the importance of continuous improvement and the integration of new
technologies to ensure that education remains relevant and effective in the context of
Industry 5.0.

1.9. Motivation of the Paper

The motivation behind this article stems from the urgent need to understand the
implications of Industry 5.0 on the global workforce and the education sector. As the world
transitions into an era where human-machine collaboration and advanced technologies
reshape the industrial landscape [21], it is essential to recognize the pivotal role of smart
education in preparing individuals for the future of work. This article aims to contribute
to the ongoing discourse surrounding smart education in the context of Industry 5.0 by
providing a comprehensive analysis of its components, challenges, and potential solutions.

The key motivating factors for this article include:

(a) Rapid technological advancements: as Al, ML, robotics, AR/VR, IoT, and other
advanced technologies continue to develop at an unprecedented pace, their impact
on various industries becomes more significant. It is crucial to explore how these
technologies are transforming education and how they can be leveraged to enhance
learning experiences and better prepare individuals for the workforce of the future;

(b) Evolving workforce demands: the shift towards Industry 5.0 has led to the emergence
of new roles and responsibilities that require a diverse range of skills and competencies.
This article seeks to address the growing demand for upskilling and reskilling efforts,
highlighting the importance of smart education in ensuring that the workforce is
equipped with the necessary skills to thrive in the new industrial era;

(¢) Theneed for lifelong learning: the dynamic nature of Industry 5.0 requires individuals
to continuously update their knowledge and skills to remain relevant in the job market.
This article emphasizes the role of smart education in fostering a culture of lifelong
learning, promoting adaptability, resilience, and self-improvement among learners;
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(d) Addressing challenges and ethical considerations: as the adoption of smart education
increases, it is vital to acknowledge the potential challenges and ethical concerns asso-
ciated with its implementation. This article seeks to address these issues, providing
insights into possible solutions and best practices for creating equitable, accessible,
and ethical smart education systems.

(e) Encouraging collaboration and innovation: by presenting case studies and examples
of successful smart education initiatives, this article aims to inspire educators, pol-
icymakers, and industry stakeholders to collaborate and innovate, designing and
implementing effective smart education solutions that meet the diverse needs of
learners and align with the requirements of Industry 5.0;

(f) Identifying future research opportunities: this article serves as a foundation for further
research in the field of smart education, outlining emerging trends, future directions,
and potential research opportunities that can contribute to the ongoing development
and improvement of education in the context of Industry 5.0.

The motivation for this article is to provide a comprehensive analysis of the automation
of smart education in Industry 5.0, informing and inspiring stakeholders to embrace the
transformative potential of advanced technologies and drive forward the development of
innovative, effective, and ethical educational solutions for the future workforce.

2. Research Methodology Selection Criteria

The research methodology PRISMA was employed in this review paper and involves
a systematic and comprehensive analysis of existing literature, case studies, and empirical
data related to the automation of smart education in the context of Industry 5.0. The goal of
this approach was to provide a holistic understanding of the key components, challenges,
and potential solutions associated with smart education and its implementation in various
sectors. The following steps outline the research methodology and selection criteria for the
sources used in this review paper:

2.1. Literature Search

A thorough search of scholarly databases, online repositories, and professional journals
was conducted to identify relevant articles, books, reports, and conference proceedings
addressing the topics of smart education, Industry 5.0, and their intersection. To ensure
a comprehensive literature search for this review paper, a systematic search query was
designed using relevant keywords and phrases related to smart education, Industry 5.0,
and their intersection. To gather data for the review papers, an electronic search on various
platforms, including Google Scholar, ACM Digital Library, ScienceDirect, IEEE Xplore,
Scopus, and Springer were conducted. The following search query was utilized to gather
sources for this review:

(@) ((“smart education” OR “intelligent education” OR “adaptive learning” OR “intelli-
gent tutoring systems”) AND (“Industry 5.0” OR “fifth industrial revolution”) AND
(“AI” OR “artificial intelligence” OR “machine learning” OR “ML"”) AND (“workforce
development” OR “upskilling” OR “reskilling”));

(b)  ((“human-machine collaboration” OR “advanced technologies in industry”) AND
(“learning analytics” OR “IoT in education” OR “Internet of Things in education”)
AND (“augmented reality” OR “AR” OR “virtual reality” OR “VR”) AND (“lifelong
learning” OR “continuous learning”));

(¢) ((“smart education” OR “intelligent education”) AND (“Industry 5.0” OR “fifth indus-
trial revolution”) AND (“robotics” OR “automation”) AND (“challenges” OR “ethical
considerations” OR “data privacy” OR “digital divide”));

(d) ((“smart education” OR “adaptive learning”) AND (“Industry 5.0” OR “human-
machine collaboration”) AND (“best practices” OR “implementation” OR “case stud-
ies”) AND (“educational transformation” OR “innovation”));

(e) ((“intelligent tutoring systems” OR “learning analytics”) AND (“Industry 5.0” OR “ad-
vanced technologies in industry”) AND (“future research directions” OR “emerging
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trends” OR “research opportunities”) AND (“educational policy” OR “stakeholder
collaboration”)).

2.2. Selection Criteria

The identified sources were screened as shown in Figure 2 based on the following

inclusion and exclusion criteria:

(a)

(b)

Identification

Screening

Figure 2. Selection criteria Process. * means all databases as a starting point.

Inclusion criteria:

i

ii.

ii.

iv.

Sources that discuss smart education and its components, including AI, ML,
robotics, AR/ VR, IoT, and advanced analytics;

Sources that address the integration of smart education within Industry 4.0 and
5.0 to get more insights, with a focus on workforce development, upskilling,
and reskilling;

Sources that present case studies, examples, or best practices related to the
successful implementation of smart education in various sectors;

Sources that discuss the challenges and ethical considerations associated with
the automation of smart education;

Sources that provide insights into future research directions and opportunities
in the field of smart education.

Exclusion criteria:

i

ii.

iii.

Sources that do not directly address the topics of smart education or Industry
4.0 or 5.0;

Sources that are outdated or do not reflect the current state of knowledge in
the field;

Sources that lack empirical evidence or rigorous analysis.

Identification of studies via databases ]

Records identified from™:
Databases (n = 4,217)

Records removed before
screening:
Duplicate records removed (n
=811)
Records marked as ineligible
by automation tools (n =
1,521)
Records removed for other
reasons (n = 861)

v

I

Records screened.
(n = 1,024)

Y

Papers sought for retrieval.
(n=305)

Records excluded.
(n=719)

Y

(n=217)

Papers assessed for eligibility.

Studies included in review.
(n=78)

¥

Papers not retrieved.
(n=88)

Papers excluded:
Criterion 1 (n=74)
Criterion 2 (n = 46)
Criterion 3 (n = 19)
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2.3. Data Extraction

Relevant information from the selected sources was extracted and organized accord-
ing to the key topics and subtopics outlined in the review paper’s scope. This process
involved summarizing key findings, identifying common themes and trends, and noting
any contradictions or gaps in the existing literature.

2.4. Synthesis and Analysis

The extracted data was synthesized and analyzed to develop a comprehensive under-
standing of the automation of smart education in Industry 5.0. This involved comparing
different perspectives, assessing the strengths and weaknesses of various approaches, and
identifying opportunities for further research and development in the field.

2.5. Presentation of Findings

The findings of the review paper are presented in a structured and coherent man-
ner, following the proposed outline and addressing each topic in detail. The results are
supported by evidence from the selected sources and are discussed in the context of their
implications for educators, policymakers, and industry stakeholders.

By employing this research methodology and selection criteria, this review paper aims
to provide a rigorous and comprehensive analysis of the automation of smart education
in Industry 5.0, contributing to the ongoing discourse and informing future research and
practice in the field.

2.6. Existing Survey Deficiencies

While several surveys and review articles have been published in the areas of smart
education, Industry 5.0, and the integration of advanced technologies in education, there
are notable deficiencies in the existing literature that this review paper seeks to address:

Limited focus on the intersection of smart education and Industry 5.0: many existing
surveys tend to focus either on smart education or Industry 5.0 in isolation without con-
sidering the synergies and interdependencies between the two. This review paper aims to
provide a comprehensive analysis of the automation of smart education in the context of
Industry 5.0, highlighting the importance of aligning educational efforts with the evolving
needs of the workforce and the industrial landscape.

Insufficient discussion of challenges and ethical considerations: while some surveys
mention the challenges and ethical concerns associated with the implementation of smart
education, they often do not delve into these issues in depth. This review paper addresses
this deficiency by providing a detailed analysis of the potential challenges and ethical
concerns related to the automation of smart education, along with recommendations and
best practices for mitigating these risks.

Lack of emphasis on collaborative learning and human-robot interaction: existing
surveys often focus on the role of advanced technologies in enhancing individual learning
experiences but do not adequately address the importance of collaborative learning and
human-robot interaction in the context of Industry 5.0. This review paper seeks to fill this
gap by exploring the role of collaborative learning and human-robot interaction in fostering
teamwork, creativity, and problem-solving skills essential for the future workforce.

Narrow coverage of case studies and best practices: many existing surveys and review
articles present only a few case studies or examples of successful smart education initiatives,
limiting their ability to provide a comprehensive understanding of the various approaches,
strategies, and contexts in which smart education can be effectively implemented. This
review paper aims to address this deficiency by presenting a wider range of case studies
and best practices from different sectors, regions, and educational settings.

Limited guidance on future research directions: while some surveys outline future
research opportunities, they often do not provide a clear roadmap for researchers and
practitioners interested in further exploring the field of smart education. This review paper
seeks to address this gap by presenting a structured overview of emerging trends, future
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directions, and potential research opportunities in the field of smart education and its
integration within Industry 5.0.

Ethical Considerations in the Automation of Smart Education

Automation in smart education, while offering transformative potential, raises intri-
cate ethical issues, particularly in relation to data usage, accessibility, and the long-term
ramifications of students’ digital footprints. A comprehensive exploration of these concerns
is explained as follows:

1.  Data Usage and Privacy:

e  Purpose of Collection: every piece of student data collected should have a
clear, pedagogical purpose. Collecting data for the sake of it or for extraneous
commercial purposes is ethically questionable;

e Informed Consent: it is imperative that students (and parents, in the case of
minors) understand what data are being collected, why, and how it will be used.
They should have the option to opt-out without detriment to their learning;

e Data Security: institutions must ensure that students” data are stored securely,
protected from breaches, and not vulnerable to hacks or unauthorized access.

2. Access and Equity:

e  Who Has Access? beyond the educational institution, questions arise about
third-party access. Will technology providers have access to student data? If so,
for what purposes?

o Equitable Access: there is the risk of creating or perpetuating inequities if only
certain segments of the student population can access or benefit from smart
educational tools due to socioeconomic, regional, or other barriers.

3.  Long-term Implications of Digital Footprints:

e Data Retention: how long is student data stored? Long-term retention poses
risks, especially if the data becomes outdated or misrepresents a student’s abilities
and achievements in the future.

e  Future Use: will students’ past performance, tracked and logged in detail, be
used to predict or determine their future opportunities? For instance, could a
student’s learning history affect college admissions or job prospects?

e Right to Erasure: students should have the right to request the deletion of their
data after a certain period or upon completing their education. It is ethically
sound to give individuals control over their digital histories.

4.  Transparency and Accountability:

e  Algorithmic Transparency: with Al and ML playing pivotal roles in smart edu-
cation, it is crucial to understand how these algorithms work. They should be
transparent, and their decision-making processes should be explainable.

e  Accountability: institutions need to be accountable for any decisions made based
on automated systems. If there is a mistake or bias in the system, there should be
a clear mechanism for redress.

5. Sociocultural Implications:

e  Cultural Bias: automated systems, if not trained on diverse data, might exhibit
biases. It is essential to ensure that these systems cater to a diverse student body
and don’t perpetuate cultural or socio-economic stereotypes.

e Holistic Development: over-reliance on automation might ignore the holistic
development of students, focusing solely on quantifiable metrics. Education
should nurture not just academic but also emotional, social, and moral growth.

By addressing these deficiencies, this review paper aims to provide a more compre-
hensive and nuanced understanding of the automation of smart education in the context of
Industry 5.0. Through the synthesis and analysis of existing literature and empirical evi-
dence, this review paper seeks to inform and inspire educators, policymakers, and industry
stakeholders to embrace the transformative potential of advanced technologies and drive
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forward the development of innovative, effective, and ethical educational solutions for the
future workforce.

3. Literature Review: Automation and Integration

To identify relevant papers for this study;, a literature search was conducted using a
combination of keywords related to the topic of interest. The initial search resulted in a
limited number of papers that met the search criteria. In order to broaden the search and
identify additional relevant papers, the Connected Papers tool was utilized.

Connected Papers is a web-based tool that visualizes connections between academic
papers based on their citation relationships. To use this tool, the title of a relevant paper
was entered into the search field. The resulting network graph displayed the paper’s
connections to other related papers, as shown in Figure 3, which allowed for an expanded
search beyond the initial search criteria.
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The network graph shown in Figure 3 was used to identify additional papers that
were not captured by the initial search. By examining the connections between the papers,
additional keywords and phrases were identified, which were then used to refine the search
and identify additional relevant papers. This iterative process of searching and refining the
search criteria using Connected Papers resulted in a comprehensive set of papers that met
the search requirements.

The full findings obtained from the literature review are summarized in Appendix A,
which outlines the key findings from each paper, including an abstract summary, main
findings, and a question-relevant summary. This format allows for a clear and concise
summary of the key findings from each paper, which can be easily compared and analyzed.

In addition to summarizing the key findings, this section includes critiques on the
most recent, important papers with the highest focus on the integration between Industry
4.0-5.0 and smart education. This provides a balanced view of the literature and allows for
a critical evaluation of the strengths and weaknesses of the existing research.

The literature review provides a comprehensive overview of the existing research on
the topic and highlights the key findings that have been established in this section. By
summarizing the findings in Appendix A, the key information of all studies is presented in
a clear and concise manner, which makes it easy to analyze and compare. Additionally, the
inclusion of possible critiques allows for a critical evaluation of the existing research, which
can inform the development of the research question and study design.

Literature Analysis

The paper [22] demonstrates significant strengths related to smart education by focus-
ing on the potential of Industry 5.0 technologies to address the challenges posed by the
COVID-19 pandemic. It highlights the role of these technologies in providing personalized
therapy, treatment, and remote monitoring in healthcare. The paper’s emphasis on the
real-time capabilities of Industry 5.0 aligns with the principles of smart education, as it
illustrates the potential for innovative, technology-driven solutions in medical training and
patient care. The paper’s diagrammatic discussions of the supportive features of Indus-
try 5.0 for the pandemic provide visual clarity and enhance the understanding of these
technologies” applications. It recognizes the importance of personalization in fulfilling the
specific demands of patients and doctors, making it a valuable resource for those in the
healthcare and medical education fields during the ongoing pandemic.

The strength of this paper [23] lies in its recognition of the profound impact of the
Fourth Industrial Revolution, or Industry 4.0, on the higher education system and, specif-
ically, the training of future engineers for yet-to-exist professions. The analysis utilizes
qualitative data from various sources and literature to identify key requirements for engi-
neering education in this transformative context. It underscores the importance of nurturing
soft skills for competitive professionals. The enumerated soft skills, including IT skills,
information literacy, teamwork, flexibility, adaptability, learning, and cognitive skills, form
a comprehensive framework for addressing the demands of the Fourth Industrial Revolu-
tion. By acknowledging the significance of these soft skills in the face of rapidly evolving
technologies and interdisciplinary challenges, the paper provides valuable insights for
shaping the education system to meet the needs of Industry 4.0, aligning well with the con-
text of smart education. While providing valuable insights into the demands of the Fourth
Industrial Revolution and the associated soft skills required, the paper does not explicitly
mention connections to Industry 5.0. However, the development of soft skills highlighted
in the paper can still be relevant in the context of Industry 5.0, where human-centric ap-
proaches and the integration of technology with societal issues are emphasized. The ability
to adapt, collaborate, and think critically, as advocated in the paper, can remain valuable as
industries continue to evolve into the human-centered paradigm of Industry 5.0.

The paper [24] presents a strong analysis of the potential synergy between Society
5.0 and Industry 5.0 and their implications for higher education. By emphasizing the
need to place human beings at the center of innovation and integrating technology with
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societal goals and sustainability, the paper aligns with the objectives of the United Nations
Sustainable Development Goals, providing a strong basis for the argument. The discussion
about the transformative role of universities in producing knowledge for new technologies
and social innovation is well-supported. The paper’s recommendations for universities to
adopt new forms and channels of education, research, and innovation within the context
of the Quintuple Helix Model (QHM) and Society 5.0 are practical and forward-thinking.
This forward-looking approach aligns well with the evolving landscape of Industry 5.0,
where the emphasis is on human-centered innovation and sustainability, making it a strong
addition to the discourse on smart education in the context of Industry 5.0.

This paper [25] focuses on the transformative potential of Industry 4.0 in manufactur-
ing, offering a comprehensive literature review of the concept and its implications. The
paper’s highlight is its effort to provide clarity in understanding Industry 4.0 by defining
six design principles, including interoperability, virtualization, local real-time talent, service
orientation, and modularity. The paper’s in-depth analysis and systematic approach to
reviewing the existing literature create a solid foundation for future research in the field.
However, a critique of the paper lies in the lack of discussion about the practical challenges
and limitations that may hinder the implementation of these principles. Additionally, while
the paper addresses the impact of Industry 4.0 on manufacturing, it could delve deeper into
its potential effects on society and education, which are briefly mentioned but not explored
in detail.

The highlight of this paper [26] is its focus on the impact of Industry 4.0 on higher
education, emphasizing the need to train qualified employees to prepare for the Fourth
Industrial Revolution. The use of statistical data to underscore the importance of Industry
4.0 in education is a notable strength, as it provides empirical evidence for the claims made.
However, a critique of the paper lies in the lack of depth and specificity in the literature.
While it mentions the importance of Industry 4.0 in education, it does not comprehensively
elaborate on the specific challenges and opportunities that higher education institutions
may face. Additionally, it does not discuss potential solutions or strategies to address
these challenges.

The paper [27] presents a comprehensive overview of the impact of Industry 4.0 and its
associated technologies on companies’ organization and technical capabilities. It correctly
emphasizes the significance of the “digital shift” for maintaining competitiveness, and its
recognition of the changes in competencies and skills required by employees and managers
due to Industry 4.0 is noteworthy. The paper’s focus on European initiatives supporting
education within the Industry 4.0 context, especially the innovative didactic methodologies,
is a strong point, as it highlights practical efforts to address evolving educational needs.
However, a potential weakness lies in the need for the paper to provide more specific
details about the innovative didactic methodologies, such as examples and their impact.
Additionally, the paper could further explore the challenges and potential solutions related
to the development of competencies and skills in the industry 4.0 era, providing a more
holistic understanding of its implications for smart education.

The paper [28] offers a valuable perspective on the intersection of Industry 4.0 and
Education 4.0, with a focus on higher education in Malaysia. Its strength lies in highlighting
the awareness of the Malaysian government and its preparations to embrace Industry
4.0 and Education 4.0, which is crucial for staying aligned with global technological ad-
vancements. However, the paper is relatively brief and lacks specific details regarding
the government’s initiatives and strategies for this transition. To enhance the paper’s
impact, it could benefit from a deeper analysis of the challenges and opportunities that
the Malaysian higher education system may face in adopting Industry 4.0 and Education
4.0. Additionally, providing more concrete examples of how these concepts are being
implemented in the Malaysian context would strengthen the paper’s contribution to the
field of smart education.

The paper [29] provides a historical perspective on the evolution of education and
its integration with technological advancements, including Industry 4.0. It effectively
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highlights the keywords and concepts that have shaped education in the past two decades,
placing them within the context of the internet phenomenon. The paper’s strength lies in
its ability to offer a broad overview of the connections between these concepts, presenting
them as slogans of societal development. However, a critique of the paper is that it appears
to be more of an introductory or retrospective piece, lacking an in-depth analysis of Industry
4.0’s specific impact on education, particularly in the context of Slovakia. It raises important
questions about the sustainability of future development but does not delve into potential
solutions or strategies to address the issues it identifies.

The paper [30] presents a significant strength by addressing the transition from In-
dustry 4.0 to Industry 5.0 and, subsequently, to Society 5.0. It emphasizes the shift from
a machine-centric approach to a human-centric one in the context of technology, systems,
and services. The paper highlights the importance of sustainability and human well-being
in the next phase of industrial and societal development, which is essential for a balanced
and equitable future. The critical literature review approach is a commendable method
for providing a well-founded rationale for the transition to Industry 5.0. It offers valuable
insights into the framework needed to facilitate this transition, which has implications for
smart education as it implies a focus on human-centered, resilient, and sustainable design.
Overall, the paper’s strength lies in its forward-looking perspective on the coexistence of
industry and societal needs in the era of Industry 5.0 and Society 5.0.

The paper [31] offers a compelling perspective on the strengths of Industry 4.0 and its
implications for smart education. It emphasizes the creative changes in industry brought
about by technological advancements and manufacturing systems, leading to the develop-
ment of Industry 4.0. The paper correctly highlights the transformative potential of Industry
4.0 in optimizing resource utilization and addressing customer demands efficiently. It also
underscores the role of wearable technology and embedded systems in handling large
databases, which has implications for smart education, particularly in facilitating dynamic
and personalized learning experiences. The paper’s strength lies in its forward-thinking
approach, stressing the importance of being technologically prepared to adapt to the chang-
ing educational landscape. It highlights the urgency for educational institutions to develop
robust integrated systems and infrastructure that promote student-centered learning and
lifelong learning. Overall, the paper provides a comprehensive perspective on the potential
benefits of Industry 4.0 for smart education.

The paper [32] offers a notable strength in its focus on the identification of job roles in
the context of transitioning to Industry 4.0. It acknowledges that the shift to this advanced
production model is not an instantaneous process, primarily due to the significant financial
investments required and the shortage of qualified personnel. By emphasizing the need to
identify and define job roles, the paper addresses a critical aspect of Industry 4.0 implemen-
tation. It recognizes the importance of understanding the human resource requirements
for successful adoption, which is essential for the long-term sustainability of Industry 4.0
in companies. This approach aligns with the broader concept of smart education, as it
acknowledges the pivotal role of skilled employees in the industrial transformation driven
by Industry 4.0.

The paper’s strength [33] lies in its recognition of the significant impact of Industry
4.0 and the subsequent evolution towards Society 5.0, emphasizing the importance of
both technology and human-centric considerations. It aptly identifies the transformation
in various sectors driven by the utilization of cutting-edge technologies such as artificial
intelligence, big data, robotics, automation, machine learning, and the Internet of Things.
This perspective aligns with the principles of smart education, as it highlights the need
for a holistic approach that integrates technological advancements with human well-being
and societal development. The paper serves as a valuable introduction to the concept of
Society 5.0 and its potential implications for smart education, paving the way for future
discussions and research in this evolving field.

The paper [34] provides notable strengths related to smart education by recognizing
the transformative impact of Industry 4.0 on the job market and the skills required by
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employees. It highlights the need for a shift in teaching and educational techniques, empha-
sizing the importance of systemic and interdisciplinary thinking in education across various
fields, not limited to technical areas. The paper’s strength lies in its methodology, including
a questionnaire survey conducted in Slovak companies, which allows for empirical data
to support its conclusions. It effectively conveys the importance of adapting the content
of education to align with the needs of Industry 4.0. The paper’s emphasis on changes
in workforce qualification structures contributing to increased company competitiveness
and production effectiveness reflects a forward-thinking perspective that aligns with the
principles of smart education. It proposes practical steps, such as vocational training and
structural changes in the educational system, to address these evolving needs. Overall, the
paper provides a valuable contribution to the discourse on smart education in the context
of Industry 4.0.

The paper [35] demonstrates several strengths related to smart education, particularly
in the context of Industry 4.0. It effectively positions Industry 4.0 as a transformative
force in industrial markets, highlighting its connections to high-tech strategies, real-time
data processing, and cyber-physical systems. The paper’s focus on studying research
articles in technical and vocational education and training (TVET) related to Industry
4.0 is commendable. By delving into these articles and incorporating recent findings, it
provides a comprehensive overview of the field, serving as a valuable resource for future
references. The paper’s ultimate goal, which is to expose technical and vocational students
to the latest technological innovations and prepare them for a more innovative workforce,
aligns with the principles of smart education. Furthermore, it offers practical guidelines
for policymakers to successfully integrate Industry 4.0 into TVET, emphasizing a proactive
and forward-thinking approach to education in the era of Industry 4.0.

The paper [36] demonstrates a significant strength by highlighting the pervasive
impacts of Industry 4.0 on various aspects of technology and workplaces. It recognizes
that Industry 4.0 extends its effects into mobile applications, sensor-driven technologies,
intelligent robots, and more. Moreover, it effectively anticipates the evolving demands
of the job market in the future. The paper aligns with the principles of smart education
by emphasizing the need for skills beyond technology-related ones, such as creativity,
emotional intelligence, critical thinking, and interpersonal skills. Furthermore, it suggests
that adapting to this changing landscape requires a whole new economic model and a
departure from traditional systems. This forward-thinking perspective and recognition of
the evolving nature of skills and education make the paper a valuable contribution to the
discussion of smart education and its alignment with the emerging trends in Industry 5.0.

The paper [37] exhibits notable strengths in its exploration of the impacts of Industry
4.0 on education systems and its alignment with Education 4.0. It recognizes the trans-
formative nature of Industry 4.0 on society and education, emphasizing the urgent need
to develop new learning skills and abilities to empower individuals in the digital age.
Through a literature review, the paper critically analyzes the potential of Industry 4.0 in the
technology—education relationship, focusing on future skills and jobs. This forward-looking
perspective aligns with the principles of smart education, and the paper serves as a valuable
contribution to the ongoing discussion on the evolving landscape of education and its
intersection with the emerging trends of Industry 5.0.

The paper’s notable strengths [38] lie in its comprehensive examination of the signifi-
cant changes brought about by Industry 5.0, which is characterized as a human-centered
phase focusing on both economic development and enhancing the quality of life. It recog-
nizes the profound impact of this transformation on the organization of education, aligning
well with the principles of smart education. By emphasizing personalized education and
the collective efforts of various stakeholder groups, including governments, educational
institutions, industry, and students themselves, the paper underscores the importance of
adapting the education system to meet the evolving needs of Industry 5.0. This forward-
looking perspective positions education as a crucial component of societal change and
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progress, making it a valuable contribution to the dialogue on smart education and its
alignment with Industry 5.0.

The strength of this paper [39] lies in its synthesis of findings related to the digitaliza-
tion of education in response to the challenges and opportunities presented by Industry
4.0. By focusing on the impact of Industry 4.0, characterized by big data and artificial
intelligence developments, the paper highlights the skills needed in this era, including
advanced analytics, the Internet of Things, and digital security. It underscores the broad-
reaching effects of Industry 4.0 on both education and industry, emphasizing the need
for swift adaptation to disruptive technologies. This analysis is particularly relevant in
the context of smart education, as it underscores the importance of education’s role in
preparing a competent workforce to meet the demands of Industry 4.0. By addressing these
challenges and opportunities, the paper contributes to the discourse on smart education
and its alignment with Industry 4.0.

The paper [40] provides a strong analysis of the transition from Industry 4.0 to Industry
5.0 and its implications for education, particularly in the context of the COVID-19 crisis.
It highlights the emergence of new mantras and values brought about by the pandemic,
emphasizing wisdom, contentment, and human touch. The vision of Industry 5.0 leading
toward Society 5.0 is well articulated, showcasing the role of educators 5.0 and smart
collaborative robots in a super-smart society. The mention of the New Education Policy
(NEP) 2020 in India and its alignment with Education 5.0 provides a practical example.
The paper’s focus on methodologies and techniques required for achieving the goals and
objectives of Society 5.0 is a strong point, as it offers actionable insights into the future of
education in the Industry 5.0 era.

The remaining studies, which encompass a comprehensive exploration of topics
related to smart education and the transitions from Industry 4.0 to Industry 5.0, have been
thoughtfully organized and presented in a structured manner for easy reference. For a
detailed overview of these studies, readers are encouraged to refer to Appendix A, where
a comprehensive table provides a concise summary of each study, including their key
themes, strengths, and any connections to the Industry 4.0-5.0 framework. This tabulated
format ensures that readers can efficiently access and navigate the wealth of information
and insights encapsulated within the various studies, fostering a deeper understanding of
the evolving landscape of education and industry in the digital age.

4. Discussion of Selected Studies

This section provides a detailed analysis and interpretation of the results obtained
from the literature review. This section shows the distribution of the reviewed papers for
the publications by year and publication numbers. This information provides an overview
of the research activity in the field and can help to identify future trends and changes in
research focus over time.

In addition to the distribution of papers, the most widely used keywords based on the
studied articles are also analyzed. This analysis provides insights into the research topics
that are currently of the most interest in the field. By identifying the most commonly used
keywords, researchers can better understand the current research landscape and identify
potential areas for future research.

The countries of publications where the most cited journals, conferences, or books
were published are also considered. This analysis provides insights into the geographic
distribution of research in the field and can help to identify regional differences in research
focus and activity. Understanding the global distribution of research activity can be im-
portant for identifying potential research collaborators and for ensuring that research is
relevant to diverse populations.

The discussion of selected studies provides a comprehensive analysis of the literature
review findings and helps to contextualize the research trend within the current state of
research in the field. By analyzing the distribution of papers, most widely used keywords,
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and countries of publications, researchers can gain valuable insights that can inform the
design and execution of the research study.

Industry 5.0 and Smart Education Worldwide Research Productivity over Time

The chart in Figure 4 displays the search interest for industry 5.0 and smart education
over the last 5 years worldwide, with the numbers representing the interest level relative to
the highest point on the chart. A score of 100 indicates the peak popularity for the term,
while a score of 50 represents half the popularity. If the score is 0, it indicates that there was
insufficient data available for the term.

@® Industry 5.0 @ Smart Education

2 Jan 2022 18 Dec 2022

Dec 2023
Figure 4. Research productivity over time.

Figure 5 represents a map that shows the breakdown of the terms “Industry 5.0” and
“smart education” through a geo-map, which will be further elaborated in Figure 6. The
map displays the popularity of these terms across different regions and countries, allowing
for a comparison of the interest level in these terms across different parts of the world.

® Industry 5.0 @ Smart Education

P

Figure 5. Geo-map of Industry 5.0 and smart education.

By analyzing the breakdown of these terms by region, we can gain insights into the
regional differences in interest and focus on these topics. For example, we can identify
which regions have the highest and lowest interest in Industry 5.0 or smart education, and
we can compare the regional distribution of interest to identify any patterns or trends that
may exist. This information can be useful for businesses, policymakers, and researchers who
need to understand regional differences in the adoption of new technologies or approaches.



Smart Cities 2024, 7

342

® Industry 5.0 ® Smart Educa

1 Japan

2 Turkiye

3 Indonesia

4 ltaly
5 Germany
® Industry 5.0 @® Smar

I & Malaysia |
e 7 singapore |
I 8 Vietnam |
I 9 India |
[ 10 United Kingdom (|

Figure 6. Top 10 countries of interest.

The top 10 countries of interest have been identified according to the search. Figure 6
clearly shows a higher interest in smart education with a lack of interest in Industry 5.0
due to the freshness of the generation and the need to identify all challenges to be tackled
before fully migrating into the new industry generation.

This can be obviously seen in the following Figure 6, when the geo-maps of both
interests have been separated to demonstrate the focus of research of Industry 5.0 is limited
by certain countries.

Based on the map in Figure 7 that shows the comparison of research innovation in
Industry 5.0 and smart education, it appears that there is more innovation applied in smart
education compared to Industry 5.0. This could suggest that there is a greater interest and
investment in research related to smart education compared to Industry 5.0.

t Education

~

i
P
\ 5

Figure 7. Comparison of research innovation in Industry 5.0 and smart education.

However, it is important to note that this map provides a broad overview and does
not account for specific research activities or innovation initiatives in each country. It is
possible that there are significant efforts underway in certain countries to advance research
and innovation in Industry 5.0, even if the overall levels of innovation in this area are lower
than those in smart education.

This map states that conducting research in Industry 5.0 is important as it can lead
to significant advancements in manufacturing and production processes, as well as the
development of new technologies and systems that can improve efficiency, productivity,
and sustainability. These advancements can positively impact multiple sectors, specifically
the education section, which has been severely affected by COVID-19.

Moreover, the innovations developed in Industry 5.0 can also have applications in
smart education. For example, the use of advanced technologies such as the Internet of
Things (IoT), artificial intelligence (Al), and robotics in Industry 5.0 can provide opportuni-
ties for the development of smart classrooms and learning environments. This can enhance
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the learning experience and improve educational outcomes. Furthermore, the integration
of Industry 5.0 technologies in the educational sector can also help prepare students for
future careers in fields related to Industry 5.0.

In Figure §, it is evident that users are searching for information on Industry 5.0
across various sectors, with the figure ranking these sectors based on their popularity. The
rankings are based on a relative scale, where a score of 100 represents the most searched
topic and a score of 50 represents a topic that is searched half as often as the most popular
term, and so on.
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Figure 8. Topic’s Popularity in Industry Generations 4.0-5.0.

The figure clearly indicates that the education sector is ranked 24th in terms of popu-
larity, suggesting that there is relatively lower interest in researching Industry 5.0 in this
area. This highlights the need for further research in exploring the potential of Industry 5.0
in education, which could lead to new and innovative solutions that improve the learning
experience and educational outcomes.

Figure 9 demonstrates that there is a lack of knowledge and understanding of Industry
5.0 among the general population. This lack of knowledge can impact society as a whole by
limiting the potential benefits that Industry 5.0 can provide, particularly in the education
sector. By investing in research and education on Industry 5.0, we can increase awareness
and understanding of this emerging technology and its potential applications, which could
lead to significant advancements in various industries and ultimately improve the quality
of life for people on many levels around the world.
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Figure 9. Related Queries.

5. Challenges and Ethical Considerations

In the process of conducting an extensive analysis of 78 papers focused on smart
education in the context of Industry 5.0, a range of challenges and ethical considerations
emerged. These factors are crucial to address in order to ensure the effective and ethical
implementation of smart education within Industry 5.0 while minimizing any adverse
effects. By examining and tackling these challenges and ethical considerations, it becomes
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possible to establish a learning environment that is equitable, effective, and nurturing for
all learners.

Economic inequality and access: high costs associated with state-of-the-art Al hard-
ware and software can lead to a concentration of Al capabilities within affluent organi-
zations or countries. This limits the democratization of Al and the spread of its benefits.
Ethical consideration: when only a select few have access to advanced Al tools due to
economic constraints, it perpetuates inequalities. Smaller companies, researchers, and
developing nations may be left behind in the Al race.

Data privacy is a primary concern as the integration of advanced technologies within
education often involves the collection, storage, and analysis of vast amounts of personal
information about students. Protecting this data from unauthorized access, breaches, and
misuse is essential to maintain trust among students, parents, and educators. Developing
robust privacy policies, secure data storage and transmission solutions, and transparency
in data handling practices are necessary steps toward ensuring data privacy in the context
of smart education.

The digital divide represents the disparity in access to technology and digital resources
between various socioeconomic, geographic, and demographic groups. Implementing
smart education without addressing the digital divide risks exacerbating existing inequal-
ities and leaving disadvantaged students behind. Strategies to bridge the digital divide
include providing affordable access to technology, ensuring reliable internet connectivity,
and developing digital literacy programs for students, teachers, and communities. Students
from affluent backgrounds are more likely to have access to advanced devices, high-speed
internet, and other tools essential for smart education. Conversely, those from poor back-
grounds might lack even basic digital resources, putting them at a disadvantage. While
urban centers tend to be equipped with better infrastructure and resources conducive
to smart education, rural areas, especially in developing countries, may lack essential
connectivity and technological facilities.

Teacher and student readiness is another critical challenge, as the successful inte-
gration of Industry 5.0 technologies in education relies on the ability of educators and
learners to adapt and utilize these tools effectively. Developing comprehensive training
and support programs for teachers, as well as fostering a growth mindset among students,
can help to ensure that both groups are well-equipped to navigate the rapidly changing
educational landscape.

Biases in Al-driven systems can lead to unfair or discriminatory outcomes in the
educational context. Ensuring the algorithms that underpin these systems are transpar-
ent, unbiased, and regularly audited can help minimize the risk of perpetuating harmful
stereotypes or reinforcing existing inequalities. Additionally, fostering diversity and inclu-
sivity in the design and development of Al-driven educational tools can help to address
potential biases.

Ethical considerations around Al involve assessing the implications of using Al in
educational settings, including its impact on student autonomy, surveillance concerns,
and the potential to manipulate or influence learner behavior. To address these ethical
considerations, it is vital to develop guidelines and policies that ensure the responsible use
of Al in education, emphasizing transparency, accountability, and respect for individual
rights and values.

Technological limitations, such as the accuracy, reliability, and scalability of Al, IoT,
and other Industry 5.0 technologies, can impact their effectiveness and applicability in
the educational context. Continued research and development, as well as collaboration
between academia, industry, and policymakers, can help to overcome these limitations and
ensure the successful deployment of advanced technologies in education.

Finally, social and cultural context plays a vital role in determining the success of
smart education in Industry 5.0. Recognizing the diverse needs, values, and expecta-
tions of different communities and cultures is essential to ensure that the implementation
of advanced technologies in education is sensitive, inclusive, and relevant to the local
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context. This involves engaging stakeholders, promoting cultural awareness, and incor-
porating local knowledge and perspectives into the design and implementation of smart
education initiatives.

Figure 10 demonstrates the seven challenges and ethical considerations of smart

education in Industry 5.0 explained in this section and summarized as follows:

Economic inequality and access: high costs of Al hardware and software can con-
centrate Al capabilities among the affluent, limiting broader access and exacerbating
economic inequalities;

Data privacy: the use of digital technologies in education can result in the collection
and storage of sensitive student data, and there is a need to protect this data to ensure
it is not misused or accessed by unauthorized parties;

Digital divide: the unequal access to technology and digital resources among different
groups of people is a significant concern. Smart education in Industry 5.0 must ensure
that all students have access to the necessary technology and resources to participate
fully in the learning experience;

Digital support: many educators may not be familiar with the latest technologies and
may require additional training and support to effectively incorporate them into their
teaching practices. Similarly, students may require guidance and support to effectively
navigate the new learning environment;

Biases in Al-driven systems: Al systems in education can perpetuate existing inequali-
ties or stereotypes. It is essential to design and implement Al systems in a way that is
fair and unbiased and does not reinforce harmful or discriminatory practices;

Al ethics: there are concerns around the use of Al in education, particularly regarding
issues of accountability, transparency, and bias. These concerns must be addressed to
ensure that the use of Al in education is ethical and beneficial for students;
Technological limitations: smart education in Industry 5.0 relies heavily on technology,
and any limitations or disruptions in the technology can affect the quality of education;
Social and cultural context: smart education in Industry 5.0 must be developed with
consideration of the social and cultural context of the students. It is essential to avoid
any cultural insensitivity or stereotypes in the development and implementation of
the smart education system.
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Figure 10. Challenges and ethical considerations.
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6. Future Directions of Research

This section presents a comprehensive overview of multiple critical future research di-
rections that aim to both comprehend and harness the potential of Industry 5.0 technologies
to revolutionize the educational landscape according to the challenges and limitations pre-
sented in the current literature. These research directions encompass a wide range of topics,
from exploring innovative ways to integrate advanced technologies into the education
sector to examining their impact on teaching, learning, and ethical considerations.

By focusing on understanding the transformative power of Industry 5.0 technologies,
researchers can gain valuable insights into the ways these technologies can augment tradi-
tional educational methods, improve learning experiences, and address existing challenges.
This knowledge is essential for educators and policymakers to make informed decisions
when implementing these technologies in various educational contexts.

Leveraging the transformative power of Industry 5.0 technologies involves not only
understanding their capabilities but also actively applying them in innovative ways to
improve educational outcomes. By exploring new techniques, tools, and approaches,
researchers can identify best practices and strategies for utilizing these technologies to their
fullest potential, ultimately shaping the future of education.

The outlined research directions underscore the need for a multi-faceted approach,
incorporating a diverse array of subjects, such as personalization, critical thinking develop-
ment, teacher training, and ethical considerations. This comprehensive perspective ensures
that the application of Industry 5.0 technologies in education is not only effective but also
equitable and responsible.

6.1. Developing Innovative Ways of Incorporating Industry 5.0 Technologies Such as Al IoT, and
Robotics into the Education Sector to Improve Learning Outcomes

This direction of research involves exploring how to integrate Industry 5.0 technologies
in education and develop innovative solutions that can improve learning outcomes. This
can include developing intelligent tutoring systems, virtual and augmented reality tools,
and interactive learning environments that utilize Al and IoT technologies.

6.2. Investigating the Impact of Industry 5.0 Technologies on the Teaching and Learning Process
and Identifying Strategies to Optimize Their Effectiveness

This direction of research involves evaluating how Industry 5.0 technologies impact
the teaching and learning process and identifying strategies to optimize their effectiveness.
This can include analyzing how these technologies affect student engagement, motiva-
tion, and learning outcomes and identifying best practices for incorporating them into
teaching methods.

6.3. Exploring the Potential of Industry 5.0 Technologies to Personalize Learning and Adapt to
Individual Student Needs and Preferences

This direction of research involves investigating the potential of Industry 5.0 technolo-
gies to personalize learning and adapt to individual student needs and preferences. This
can include developing adaptive learning systems that utilize Al and IoT technologies to
tailor the learning experience to each student’s individual strengths and weaknesses.

6.4. Evaluating the Effectiveness of Industry 5.0 Technologies in Promoting Critical Thinking,
Creativity, and Problem-Solving Skills among Students

This direction of research involves analyzing how Industry 5.0 technologies can be
used to promote critical thinking, creativity, and problem-solving skills among students.
This can include developing learning activities and environments that foster these skills
and evaluating their effectiveness in improving student learning outcomes.
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6.5. Examining the Impact of Industry 5.0 on Teacher Roles and Responsibilities and Identifying
Strategies to Effectively Support and Train Educators

This direction of research involves analyzing how Industry 5.0 technologies impact
teacher roles and responsibilities, and identifying strategies to support and train educators
effectively. This can include identifying new competencies and skills that educators need
to effectively incorporate these technologies into their teaching practice and developing
training programs and resources to support them.

6.6. Investigating the Ethical and Social Implications of Industry 5.0 Technologies in Education,
including Issues Related to Privacy, Bias, and the Digital Divide, and Identifying Strategies to
Address These Concerns While Ensuring the Equitable and Ethical Implementation of Industry 5.0
in Education

This direction of research involves analyzing the ethical and social implications of
Industry 5.0 technologies in education and identifying strategies to address concerns related
to privacy, bias, and the digital divide. This can include developing ethical guidelines and
standards for the use of these technologies in education and identifying strategies to ensure
equitable access to them for all students.

7. Contribution

This manuscript offers a significant contribution to the discourse on the pivotal inter-
section of smart education and Industry 5.0. It is designed to provide a comprehensive
analysis of the automation of smart education, examining its key components, technological
aspects, implications, challenges, and ethical considerations within the context of Industry
5.0. The primary objectives and the scope of this review paper lay the foundation for its
key contributions.

Firstly, this manuscript contributes by illuminating the key components of smart
education, including intelligent tutoring systems, adaptive learning environments, learning
analytics, and the application of the Internet of Things (IoT) in education. By doing so, it
offers educators, policymakers, and industry stakeholders an in-depth understanding of
the fundamental elements that constitute smart education.

Secondly, the paper delves into the realm of automation technologies in smart edu-
cation, particularly emphasizing the transformative role of advanced technologies such
as artificial intelligence (AI), machine learning (ML), robotics, and augmented and virtual
reality (AR/VR). This exploration outlines how these technologies have the potential to
reshape and personalize learning experiences, enhancing their relevance and effectiveness
in the context of Industry 5.0.

Thirdly, the paper contributes by thoroughly investigating the integration of smart
education within Industry 5.0. The focus is on collaborative learning, human-robot inter-
action, competency-based education, skills assessment, and corporate partnerships. This
analysis underscores the vital role smart education plays in preparing the global work-
force to thrive in an era characterized by human-machine collaboration and evolving
workforce demands.

Furthermore, the manuscript acknowledges the complexities and ethical considera-
tions related to the implementation of smart education, including data privacy, the digital
divide, teacher and student readiness, and potential biases in Al-driven systems. The
paper offers insights into responsible and equitable adoption practices by addressing these
concerns. In addition, the paper makes a substantial contribution by outlining future
directions and research opportunities in the realm of smart education. It underscores the
importance of continuous improvement and the integration of new technologies to ensure
that education remains dynamic, adaptable, and effective in the context of Industry 5.0.

The motivation behind this manuscript arises from several key factors, including
the rapid pace of technological advancements, evolving workforce demands, the need
for lifelong learning, the necessity to address challenges and ethical considerations, the
encouragement of collaboration and innovation, and the identification of future research
opportunities. These motivating factors collectively contribute to a comprehensive under-
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standing of the role and significance of smart education in Industry 5.0, providing valuable
insights and guidance for educators, policymakers, and industry stakeholders as they
navigate the evolving landscape of education in the digital age.

8. Limitations and Managerial Learnings

This section addresses the limitations of the study, recognizing the challenges posed
by the breadth of the topic, potential generalizations, and evolving data. It also delves into
the managerial learnings derived from the analysis of smart education within the context
of Industry 5.0. These insights are intended to guide educational leaders and managers in
preparing for the future of education, as well as to provide actionable recommendations for
navigating the dynamic landscape of Industry 5.0. Understanding these limitations and
applying the managerial learnings is vital for optimizing the impact and effectiveness of
smart education initiatives and ensuring that education remains adaptable, inclusive, and
aligned with the demands of this new industrial era.

8.1. Limitations

e  Scope and depth: one of the primary limitations of this paper is the vast scope of the
topic. While it aims to provide a comprehensive analysis of smart education within
the context of Industry 5.0, the complexity and breadth of the subject matter mean
that certain aspects may not be covered in the depth they deserve. This limitation
necessitates future research to delve deeper into specific areas of smart education;

e  Generalization: the insights and recommendations presented in this paper may not
be universally applicable due to regional, cultural, and institutional differences. The
effectiveness of smart education strategies can vary significantly depending on the
local context, and this paper provides a broad overview that might not address all the
nuances of different educational ecosystems;

e  Data availability: as of my knowledge cutoff date in January 2022, there may be recent
developments, emerging technologies, or specific case studies that are not included
in this paper. Therefore, readers should consult more recent sources for the latest
information on smart education and Industry 5.0.

8.2. Managerial Learnings

e  Prioritizing technology integration: managers and educational leaders should recog-
nize that technology integration is not an option but a necessity in modern education.
The Industry 5.0 landscape demands that educational institutions prioritize the inte-
gration of smart technologies to remain relevant and effective;

e Continuous professional development: managers in educational institutions need to
focus on the continuous professional development of educators. This involves provid-
ing training and support to ensure that teachers and instructors are well-equipped to
navigate the challenges and opportunities presented by smart education;

e  Strategic partnerships: collaboration with industry partners is crucial. Industry 5.0
encourages the integration of education and industry, and educational institutions
should establish strategic partnerships with businesses to ensure that curricula are
aligned with workforce needs;

e  Ethical considerations: it is essential to be mindful of the ethical considerations associ-
ated with smart education, such as data privacy and bias in Al systems. Managers
should implement policies and practices that prioritize ethical use of technology
in education;

e  Customization and personalization: smart education allows for customized and per-
sonalized learning experiences. Managers should explore ways to tailor educational
programs to individual learner needs, enhancing engagement and outcomes.

e Agility and adaptability: in the dynamic landscape of Industry 5.0, the ability to
adapt to new technologies and teaching methods is crucial. Managers should foster a
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culture of adaptability and encourage experimentation with innovative approaches
to education;

e Inclusivity: the digital divide and accessibility issues should be on the radar of educa-
tional managers. It is essential to ensure that all students have equal access to smart
education tools and resources;

e Research and development: given the rapid pace of technological advancements, in-
vestment in research and development is key. Educational institutions should allocate
resources to stay at the forefront of emerging technologies and pedagogical methods;

e International collaboration: collaborating with educational institutions worldwide can
provide valuable insights and share best practices. Industry 5.0 is a global phenomenon,
and learning from international partners can enrich the educational experience;

e  Monitoring and evaluation: implementing smart education initiatives should be
accompanied by robust monitoring and evaluation processes. Managers should reg-
ularly assess the impact of these initiatives on student outcomes and make data-
driven improvements.

In conclusion, recognizing the limitations of the paper and embracing the managerial
learnings it offers can help educational institutions adapt to the transformative era of
Industry 5.0 and smart education. The key is to remain agile, ethical, and technology-
focused while continually improving and customizing education to meet the demands of
the future workforce.

9. Conclusions

In conclusion, this review delved deeply into the nexus of smart education and
Industry 5.0, underscoring the pivotal function of modern automation in shaping an
agile future workforce. Harnessing the prowess of advanced technologies like AI, ML,
robotics, and AR/VR can redefine the contours of educational experiences, making them
more tailored, immersive, and geared towards fostering adaptability and a culture of
continuous learning.

Yet, as we tread this promising path, we must remain vigilant and address the multi-
faceted challenges that lurk—issues encompassing data privacy, bridging the digital divide,
ensuring preparedness among educators and students, and mitigating biases inherent in Al
frameworks. By showcasing exemplary initiatives and case studies, this review serves as a
clarion call for synergistic collaborations among educators, decision-makers, and industry
influencers, spurring innovation and efficacious strategies.

Furthermore, by spotlighting emergent paradigms, anticipatory directions, and ripe
avenues for research in smart education, the paper accentuates the imperativeness of evo-
lution and tech assimilation to keep education attuned to the requisites of Industry 5.0.
This review, in essence, amplifies the discourse on smart education automation, illumi-
nating its indispensable role in sculpting a workforce ready for the imminent challenges
and opportunities.
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Industrial engineering engineering techniques conventional industrial disruption than the
[62] curl"iculum in industry to data-driven engineering ap-proaches to identity crisis
4.0 in a South data-driven functions and prompted by

African context

processes and
cyber-physical systems
within the scope of
Industry 4.0.

cyber-physical systems.

In South Africa, only a single
uni-versity has made
advancements in im-plementing
an Industry 4.0 infrastruc-ture.

information technology
in the 1990s.
Additionally, the focus
has shifted from
conventional industrial
engineering techniques
to data-driven
processes and
cyber-physical systems.




Smart Cities 2024, 7

357

Authors

Paper

Abstract Summary

Main Findings

Question-Relevant

Summary
Industry 4.0 brings new
technolo-gies which require a
better-educated workforce and
Industry 4.0 affects the changes in curricula and The potential impacts
production teaching methods. of Industry 5.0 on the
Sustainable environment by It brings new challenges and education sector

engineering challenges

introducing new

include the need for a

[63] ! i re-quires a new approach from
towards Industry 4.0: A technologies which manage-ment to handle fast and better-educated
comprehensive review  require a big changes in the workforce and changes
better-educated business environment. in curricula and ways
workforce. It requires effective of teaching.
implementa-tion of innovation
in production.
Industry 4.0 has brought about
changes in the education system,
driven by artificial intelligence and
digital physical structures. The potential impacts
Education 4.0 technologies play an ~ of Industry 5.0 on the
Future engineers need important role in supporting education sector
Trends and prospects to improve their Industry 4.0 and have a significant include the need for
[64] for IT education in professional, social, impact on the change in future engineers to
Industry 4.0 methodological and IT education. improve their
personal competencies. Future engineers need to improve professional, social,
their professional, social, methodological, and
methodologi-cal, and personal personal competencies.
competencies to suc-cessfully
complete production tasks.
Industry 4.0 represents a
trans-formative shift within the
manufactur-ing sector, anticipated
to exert a signifi-cant influence on The implications of
Educational systems the industry. Industl:y 5.0 for the
Industry 4.0 and its seem to be lagging in Educational systems are struggling ~education sector .
Potential Impact on their ability to to keep pace with the evolving mvolv.e the necessity
[65] Employment promptly address the labor demands posed by fora hl.ghly adaptable
Demographics in future workforce needs Industry 4.0. eduFatlon system to
the UK brought about by This underscores the necessity for ~ cultivate the workforce
Industry 4.0. in-depth examination and the needed. for the
identifica-tion and fulfillment of upcoming era of
the educational prerequisites Industry 4.0.

essential for future em-ployment
in a post-Industry 4.0 land-scape.
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Summary
The potential impacts
of Industry 5.0 on the
Industry 4.0 is a paradigm that education sector
re-quires new skills and include the main
knowledge from industrial factors supporting the
The skills required by automation engineers. implementation of the
Industry 4.0 and the industrial automation STEM education must be adapted paradigm Industry 4.0,
[66] Challenges Faced by engineers are a to meet the challenges posed by their basic
STEM Education challenge for Industry 4.0. characteristics, which
STEM education. There is a need to create a represent challenges in
corre-spondence between the front of the STEM
required skills and the taught education, and some
subjects in STEM educa-tion. tasks faced by
the industrial
automation engineers.
Industry 4.0 encompasses a wide
array of contemporary automation
pro-cedures, interlinked vast
databases, ro-botic systems, and
advanced manufac-turing
technologies aimed at ensuring
high-quality production.
Nations incapable of Industry 4.0 integrates
adjusting to Industry cutting-edge technologies suchas e implications of
4.0 processes will addi-tive manufacturing, Industry 5.0 for the
struggle to autonomous robot-ics, big data, education sector
[67] Industry 4.0 and advance scientifically, artificial intelligence, aug-mented encompass the

Science Education

technologically, and to
remain competitive

in ongoing

innovation endeavors.

reality, system integration, the
Internet of Things, cybersecurity,
cloud computing, machine
learning, deep learning, and more.
Science education is intricately
linked to Industry 4.0, as a
comprehen-sive understanding
and proficiency in utilizing these
technologies are essential for
success in the context of the Fourth
Industrial Revolution.

necessity for
adaptability to
Indus-try 4.0 processes.

[68]

Exploring the economic
and social impacts of
Industry 4.0

Recent technological
breakthroughs,
including advanced
robotics, artificial
intelligence, big data
analytics, augmented
and virtual reality, the
Internet of Things, and
3D printing are seen as
set to change the way
we work and live.

Industry 4.0 is set to revolutionize
the way we work and live through
the use of advanced robotics,
artificial intel-ligence, big data
analytics, augmented and virtual
reality, the Internet of Things (IoT),
and 3D printing.

Industry 4.0 is expected to have
both economic and social impacts,
in-cluding increased productivity,
im-proved customer experience,
and new job opportunities.

The implementation of Industry 4.0
will require significant investment
in infrastructure, training, and
research and development.

N/A
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Summary
The Fourth Industrial Revolution
will necessitate organizations to S
collab-orate with external partners, The implications of
fellow or-ganizations, and Industry 5.0 for the
educational institutions to education sector
Organizations stand to integrate new knowledge into their ~ €ncompass the
External Partnerships gain from internal environment seamlessly. necessity for .
in Employee Education ~ incorporating emerging Innovations play a pivotal role in  collaboration with
[69] and Development as knowledge adapting to significant the .external .
the Key to Facing continuously into their environmental shifts, including environment, fostering
. . i fresh educational
Industry 4.0 Challenges internal environments educational processes. s .
in the near future. A notable difference in strategic opportunities rooted in
employee education and partnerships with
development approaches exists external entities,
between highly inno-vative organizations, and
countries and those with educa-tional institutions.
moder-ate innovation levels.
Technical and vocational education
has been adjusted to include The potential impacts
o . courses re-lated to big data of Industry 5.0 on the
Industry 4.0 Manpower The original teaching analysis, cloud compu-ting, and education sector
: o tents in the juni i .
and its Teaching contents i the Junior Internet of Things. include the need for

Connotation in

[70] Technical and
Vocational Education:
Adjust 107
Curriculum Reform

college departments
have been changed,
and departments have
been recombined to
meet the demands of
Industry 4.0.

Higher vocational education has
established a practical classroom
based on the concept of
Industry 4.0.

Industry and schools have
estab-lished a close cooperation
relationship and share resources
with each other.

updated equipment
and curricula to match
the demands of the
industry, as well as
closer cooperation
between schools

and industry.

Educational methods

711 for Industry 4.0

The use of small-scale
models is effective in
practical training.

Industry 4.0 requires changes in
the labor market, with new
competen-cies required

for employees.

Small-scale models can be used to
demonstrate new ways of
operation management in
practical training.

These models behave practically
the same as in actual operation,
allowing students to try out
different production states,
problem-solving, and
subsequent optimization.

The potential impacts
of Industry 5.0 on the
education sector
include the need for
new technologies,
climate change, and the
pandemic of the disease
caused by the new
coronavirus COVID-19.
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Summary
Industry 4.0 represents the
pre-vailing shift toward
automation and data exchange in
manufacturing technolo-gies, The implications of
The vocational underpinned by digital Industry 5.0 for the
education system must advance-ments. education sector
The Fourth Industrial ~ align with the evolving Industry.4.0 will br]ﬁg about involve the
[72] Revolution—its impact ~ demands and Changes. mn the qualification development of
on vocational skills anticipations of prerequisites for employe.es bothat  yrricula and the
the evolving th? shop-ﬂoor. 1?V61 and in training of both skilled
work landscape. mid-level positions. and highly
Vocational education and training  gjilled workers.
for the workforce must be tailored
to align with the requisites and
anticipa-tions of Industry 4.0.
Education 4.0 mirrors the era of
Companies and Industry 4.0, necessitating The implications of
institutions with proficiency in 21st-century skills. Industry 5.0 for the
robust information Evolving technology trends have education sector
and technology reshaped educational paradigms encompass the
Technology trends, infrastructure must and instructional methods. imperative need for a
[73] Education 4.0 possess specific skills to The incorporation of information comprehensive
and beyond effectively integrate and communication technology overhaul of education

advanced digital
technologies into their
innovation and
production processes.

(ICT) in education is imperative to
unlock the potential of smart
products, services, and

business prospects.

systems to supply the
skilled workforce
demanded by this
dynamic progression.

[74]

University 4.0: The
Industry 4.0 paradigm
applied to Education

In educational
institutions striving to
meet the demand for
enhanced, streamlined,
and personalized
large-scale
technology-enabled
education, technology
has become
omnipresent.

The University 4.0 concept draws
inspiration from the Industry 4.0
para-digm and applies its
principles to higher education,
aiming to offer more tailored
solutions to the unique
requirements of each learner.
Technology has permeated
educa-tional institutions as they
strive to meet the increasing
demand for enhancement,
efficiency, and individualization in
large-scale, technology-enhanced
educa-tion.

There exists a necessity to
recon-sider and reformulate the
approach to technology integration
in education to realize intelligent
collaboration and co-ordination
between technology and
in-dividuals in the pursuit of
effective learning.

The implications of
Industry 5.0 for the
education sector
necessitate reevaluating
and reshaping the
technology integration
model in teaching to
attain intelligent
collaboration and
seamless coordination
between technology
and individuals in the
context of learning.
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Impact of 5G
[75] Technologies on
Industry 4.0

5G promises to be a key
enabler for Factories of
the Future.

Industry 4.0 encompasses the
inte-gration of Internet of Things
(IoT), ana-lytics, additive
manufacturing, robotics, artificial
intelligence, advanced materi-als,
and augmented reality.

5G technologies serve as a pivotal
catalyst for the evolution of
Factories of the Future, offering a
unified communi-cation platform
essential for pioneering new
business models and addressing
the limitations of current
communication technologies.

The advent of 5G technologies will
exert a substantial influence on the
pro-gression of the industrial
revolution and the technologies
that have played a role in

their advancement.

The implications of
Industry 5.0 for the
education sector
encompass the
integration of the
Internet of Things (IoT),
analytics, additive
manufacturing,
robotics, artificial
intelligence, advanced
materials, and
augmented reality.

The Changing Role of
[76] Engineering Education
in Industry 4.0 Era

The characteristics of
knowledge and skills
provided in these
departments are yet to
be revealed through
objective evaluation.

Engineering departments have a
vital role in fulfilling the new
education requirements of
Industry 4.0.

A precise classification of
knowledge and skills areas offered
in these departments is needed to
deter-mine the emerging patterns
in the deliv-ery of new

education requirements.

A sample of 124 engineering
de-partments was studied to reveal
the emerging patterns and
similarities in engineering
education to cover this need.

N/A

Industry 4.0 paradigm
[77] on teaching and
learning engineering

The performance of
Industry 4.0 education
tools was evaluated in
a real context.

The proposed Industry 4.0
educa-tion tools, based on
e-learning and cyber-physical
technologies, were suc-cessfully
deployed in subjects related to
microcontroller programming in
Tele-communication Engineering
and Bioen-gineering

degree programs.

Results showed an improvement
in the students’ motivation, their
academic results, and their
acquisition of Industry

4.0 competencies.

The early adoption of Industry 4.0
tools and methods had a positive
impact on engineering education.

The potential impacts
of Industry 5.0 on the
education sector
include the
improvement in the
student’s motivation,
their academic results,
and their acquisition
of Industry

4.0 competencies.




Smart Cities 2024, 7

362

Authors Paper

Abstract Summary

Main Findings

Question-Relevant

Summary
The potential impacts
of Industry 5.0 on the
education sector
Qualifications needed to fitin the i, Jude preparing
smart factory era of Industry 4.0. skilled people
Irﬁdustry to }ES o of Challenges that emerge in compatible with
78] Education in the Era of THSEfzi tovirtlelrzki?g © ed.ucziticf)n to ilgplement skills Industry 4.0,
Industry 4.0 torms of gnta € tor .In'f UStliy 4~C(1) o implementing skills
technological usage. pportunities for the education . suitable for Industry
sector as far as the smart factory is 4.0, and providing
con-cerned. opportunities for the
education sector as far
as the smart factory
is concerned.
Product design is uniquely
posi-tioned at the nexus of
engineering and the humanities
and is directly tied to changes
affecting manufacturing in the The potential impacts
fourth industrial revolution. of Industry 5.0 on the
The pace of change in Educational leadership must education sector
The Future of Product the Curl.‘ent di.gi.tal de-velop proactive strategies to include the
[79] Design Education revolution dr1v1n.g o respond to the challenges and develqpment of .
Industry 4.0 Industr}f 4.0 can inhibit opportunities of In-dustry 4.0 to proactive strategies to
a proactive, rather than inform the future of work, respond to the
reactive response. industry, and society. challenges and
Historical perspective and opportunities of
twen-ty-first-century knowledge Industry 4.0.
can help to plan for a healthy
society and the future of work in
the digital revolution.
Technology has created a need for
educational improvements in
order to prepare students for better
job, profes-sional, a}r}d The potential impacts
The implementation of ger;onelll Opporttl: nltlesd. i of Industry 5.0 on the
. . echnology can be used to improve  oqycation sector
Industry 4.0 various technological the management of information include the
and the digital tools will allow and production, which is implementation of
[80] transformation. .. A students to be better applicable in vari-ous functional

new challenge for
higher education

prepared when
entering their
professional life.

areas of any organization.
Inclusive education focused on
managing processes can help to
form significant changes in
students, improv-ing their study
habits and preparing them to be
better professionals.

various technological
tools to allow students
to be better prepared
when entering their
professional lives.
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The Impact of Industry

[81] 4.0 on the Labor Market

Automation and
robotization is an
opportunity for more
efficient and
friendlier workplaces
for employees.

Industry 4.0 has changed the
na-ture of many jobs and created
new ones, providing new
opportunities for em-ployees with
qualifications and skills related to
new technologies.

Automation and robotization can
lead to more efficient and
friendlier workplaces, and greater
profits for em-ployers.

The jobs of the future require both
technological savvy and

human skills.

N/A

Industry 4.0 and
Engineering Education:
An Analysis of Nine

[82] Technological Pillars

Engineering currica
have subjects that
contribute directly to

Engineering curricula have
sub-jects that contribute directly to
the pil-lars of Industry 4.0, but
some are missed or not

entirely defined.

It is required to establish
regula-tions in Mexico that
encourage the actu-alization and
modifications of educa-tional
programs in higher education
in-stitutions to meet the new

The potential impacts
of Industry 5.0 on the
education sector
include the need for
new regulations to
encourage the
actualization and
modifications of

Inclusion in Higher the pillars of technological knowledge required fedu.cational programs
Educational Curriculum Industry 4.0. by the industry in this new in h}ghfer education
digital age. institutions to meet the
The universities analyzed in this new technological
paper are the most important in the knowledge required by
Nuevo Leon State and from the the industry in this new
premise that it is very important to digital age.
Mexico from the
industrial perspective.
The Fifth Industrial Revolutionis  Tphe implications of
poised to instigate a transformative Industry 5.0 for the
paradigm shift within the education sector
manufactur-ing industry, building encompass a paradigm
upon the founda-tional tools of shift in the trajectory of
Industry 4.0. industrial evolution,
These tools encompass a spectrum building upon the
The fifth industrial of tecbnolog.ie.s .sucb as the Internet  foundational tools of
revolution is poised to of Things, digitization, blockchain,  1nqystry 4.0, which

Industry 5.0: Is the
Manufacturing
Industry on the Cusp of
a New Revolution?

(83]

reshape the trajectory
of industry, building
upon the foundations
established by the tools
of Industry 4.0.

ad-vanced materials, additive
manufactur-ing, artificial
intelligence, robotics, drones,
energy technology, biotechnol-ogy,
neurotechnology, and virtual and
augmented reality.

Prior industrial revolutions were
underpinned by essential
components, including scientific
and technological breakthroughs,
education and training, and access
to capital.

encompass the Internet
of Things, digitization,
blockchain, advanced
materials, additive
manufacturing,
artificial intelligence,
robotics, drones,
energy technology,
biotechnology,
neurotechnology, and
virtual and
augmented reality.
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Industry 5.0 focuses on
Critical Components of = The Fifth Industrial personal-ized customer demand. The potential impacts
Industry 5.0 Towardsa  Revolution is required It requires advanced technologies of Industry 5.0 on
[84] Successful Adoptionin  to provide such as Al IoT, and robotics. the education
the Field of better interaction It requires a shift in organizational ~ Sector include
Manufacturing with customers. culture to be successful. better interaction.
The implications of
Industry 5.0 for the
Developed economies emphasize education sector
competencies and engineering encompass the
skills, R+D+i, and the use of significance of
Technological Competencies and emerging tech-nologies such as the ~ competencies a.nd.
competitiveness and engineering skills are Internet of Things and big data. engineering skills in
[85] emerging technologies  important in the Emerging economies emphasize personnel develoPment,
in industry 4.0 and personnel approach of training and education, the role of R+D.+1.and
industry 5.0. developed economies. sustainability and structure, and the Sup ply chain in
emerging technolo-gies such as the ~ Organizational
Internet of Things strategies, and the
and digitalization. utilization of emerging
technologies like the
Internet of Things and
big data.
Industry 4.0 signifies a
transforma-tive phase in the
manufacturing indus-try, made
possible by the advancements in
information and
communications technologies.
The research pertaining to
Industry 4.0 has Indus-try 4.0 is progressing
Industry 4.0 and its garnered substantial towards the crea-tion O.f
[86] Implementation: interest from both the frameworks that establish N/A
a Review industrial and con-nections between Industry

academic sectors.

4.0’s enabling technologies, their
objectives, and their influence on
the operations of manufac-turers.
There exist impediments to the
adoption of Industry 4.0, and
potential solutions for
surmounting these chal-lenges and
barriers are under discussion.
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Realizing Industry 4.0
Through STEM
Education: But Why
STEM Is Not Preferred?

(871

The roles of the
national workforce,
including the education
system, culture, and
government, need to be
fortified to elevate the
STEM education
system in Malaysia.

A survey involving 102 Diploma in
Accountancy students at a
Malaysian public university was
conducted to in-vestigate the
determinants influencing
university students’ choices to
pursue STEM education.
Principal component analysis
(PCA) identified factors
responsible for 68.22% of the
overall variance.

Multiple regression analysis
demonstrated that factors such as
low morale attitude, learning
experience, and return on
investment accounted for 53% of
the total variance in perception.

The implications of
Industry 5.0 for the
education sector
encompass factors like
low morale attitude,
learning experience,
and return

on investment.

The Future with
Industry 4.0 at the Core
of Society 5.0:

[88] Open Issues,

Industry 4.0 focuses on
the metamorphosis of
all industrial
components with the

Industry 4.0 and Society 5.0 are
closely linked and

mutually beneficial.

Industry 4.0 focuses on the digital
transformation of industrial
compo-nents, while Society 5.0
encourages a digital revamp of
mundane life.

N/A

Future Opportunities help of strong The rapid cha.nge. in information
and Challenges digital support. and communication technology,
along with the portrayal of Society
5.0 as a global trend, are key
aspects of the Sci-ence and
Technology Basic plan.
Industry 4.0 will have a significant
impact on the manufacturing
industry, leading to increased
automation and integration The potential impacts
of processes. ) _ of Industry 5.0 on the
Perceived Impacts of Thedn:ar;ufaclturmg woli}ilforcedW1ll education sector
Industry 4.0 on Manufacturing ge lod eve ophnew Sftlws an include changes in
Manufacturing processes will owledge, suc a; sortware, requirements for the
[89] Industry and Its become more Progfj&}m.-rrll.mg, ank'll _ 4 manufacturing
Workforce: Case autonomous, integrated, Lnter ISCIP‘E"’;Y Sh1 y l'n Jraerto workforce towards an
of German and intelligent. Keep up with the changing increasing need
Y 1nd1{s—tr oo for software,
TT}e introduction of I.ndustry 4.0 programming, and
will lead to changes in the way interdisciplinary skills.
products are manufactured, as well
as in the re-quirements for the
manufacturing workforce.
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