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Preface

The transition from Industry 4.0 to Industry 5.0 marks a pivotal shift in the manu-
facturing landscape, emphasizing human-robot collaboration as a cornerstone of 
the new paradigm. Industry 5.0 seeks to integrate human intelligence and creativity 
with the capabilities of robots to optimize performance and efficiency. This symbiotic 
relationship between humans and machines holds the potential to revolutionize pro-
duction processes, making them more adaptive, resilient, and sustainable. Industry 
5.0 technologies like collaborative robots and Human Digital Twins foster safe and 
efficient collaboration, aligning technological advancements with human needs for 
harmonious work environments and tailored processes.

As industries navigate the digital transformation, Industry 4.0 affects the tourism 
sector, grappling with challenges like the digital gap and workforce adaptability post–
COVID–19. With Industry 5.0 on the horizon, emphasis is placed on human-centric 
approaches and the need for updated educational practices, industry strategies, and 
governmental policies to navigate the transition to a digital tourism era.

Construction firms are actively transforming their traditional practices in response 
to the technological advancements of Industry 4.0, known as Construction 4.0 in the 
sector. However, understanding the organizational impacts of technology adoption 
remains a challenge. To address this, the Technology-Organization-Environment 
(TOE) framework is applied, identifying decision-making factors for Construction 
4.0 adoption to evolve in the digital era.

The transportation sector is also undergoing significant transformation with the 
advent of Transportation 5.0. This paradigm shift involves moving from traditional 
Cyber-Physical Transportation Systems to Cyber-Physical-Social Transportation 
Systems, which prioritize ethical, responsible, and sustainable transportation solu-
tions. It leverages advanced technologies to improve efficiency, safety, and acces-
sibility while considering the social impact of transportation systems.

Nano and Society 5.0 represent another dimension of the human-centric revolution, 
where nanotechnology is harnessed to improve the quality of life for individuals and 
society as a whole and address global challenges including water purification and 
resource conservation. Nanotechnology enables personalized health care, sustainable 
energy solutions, and inclusive education in science, technology, engineering, and 
mathematics (STEM) disciplines, contributing to the advancement of Society 5.0’s 
goals.

Industry 4.0, driven by digital technologies, has reshaped the landscape of entre-
preneurship, particularly in the digital realm, prompting a reevaluation of strategies 
amidst confusion. Digital entrepreneurship thrives as technology spearheads this 
evolution, presenting both challenges and opportunities. Exploring the interplay 
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between Industry 4.0, digital entrepreneurship, and the pandemic’s impact, insights 
are gleaned to navigate the evolving entrepreneurial landscape amid the pandemic 
and technological advancements.

In the realm of education, sustainable and resilient practices are essential for prepar-
ing students for the Industry 5.0 paradigm. Online Distance e-Learning (ODeL) 
practices leverage digitalization to support authentic knowledge creation and foster 
interactive learning environments. These practices emphasize multidimensional 
thinking, critical analysis, and industry-relevant skills, ensuring that students are 
equipped to thrive in the digital age.

The transition to Industry 5.0 represents a holistic transformation across various 
industries, driven by the integration of human intelligence, advanced technologies, 
and sustainable practices. By embracing innovation and leveraging digitalization, 
organizations can adapt to the evolving landscape and pave the way for a more 
inclusive, resilient, and human-centric future.

This book is an essential guide to successfully navigating the technical breakthroughs 
of Industry 4.0 and transitioning to the more human-centric approach of Industry 5.0. 
The objective is to provide readers with the information they require to successfully 
navigate this new industrial change and foster a future in which technological break-
throughs are dispersed relatively and benefit all aspects of society. This comprehensive 
handbook illustrates the route forward for enterprises seeking efficiency, creativity, 
and sustainability by linking automation’s technological narratives with Industry 5.0’s 
human-centric methods. For industry professionals, policymakers, and academic 
researchers, this book explores how human ingenuity and modern technology alter 
the industrial environment. It enables readers to meet the difficulties and seize the 
possibilities of these transformational times with detailed analysis, case studies, and 
expert insights.

Ibrahim Yitmen and Amjad Almusaed
Department of Construction Engineering and Lighting Science,

Jönköping University,
Jönköping, Sweden
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Chapter 1

Synopsis of Industry 5.0 Paradigm 
for Human-Robot Collaboration
Ibrahim Yitmen and Amjad Almusaed

Abstract

This chapter explores the synopsis of the Industry 5.0 paradigm, focusing on 
Human-robot collaboration, encompassing critical elements from following the 
progression of evolution from Industry 4.0 to Industry 5.0 to the implementation of 
cutting-edge technologies and human-centric approaches within this framework. 
Industry 5.0 paradigm shift builds upon the foundation laid by Industry 4.0, with a 
renewed focus on integrating human intelligence and creativity with the capabili-
ties of robots. The Operator of Industry 5.0 embodies the idea of skilled human 
operators working alongside automated systems to optimize performance and 
efficiency. Industry 5.0 technologies encompass collaborative robots (cobots) and 
advancements in robot learning, enabling safe and efficient collaboration between 
humans and machines and facilitating dynamic partnerships in shared workspaces. 
Human-centric approaches within Industry 5.0 technologies ensure that technological 
advancements align with human needs and preferences, fostering a work environ-
ment where humans and robots collaborate harmoniously. The concept of the Human 
Digital Twin offers a compelling instrument for identifying and optimizing human 
behavior within the context of Industry 5.0, enabling organizations to tailor processes 
and workflows to individual capabilities and preferences.

Keywords: industry 4.0, industry 5.0, human-robot collaboration, operator 5.0,  
society 5.0, human digital twin

1.  Introduction

Industry 5.0 (5IR) has been developed as the heir to Industry 4.0 (4IR),  
considering ecological and societal aspects [1]. The compliance of production tech-
niques and their impact on the ecosystem are also important focal points within the 
5IR paradigm [2–4]. According to the European Commission (EC) [1], 5IR signifies 
an expected evolution from 4IR, primarily emphasizing the driving forces behind 
European resilient, human-centric, and sustainable production. In opposition to the 
technology-centered method of 4IR, 5IR identifies a strong prominence on the worth 
of novel technologies while underscoring the significance of resilience, sustainabil-
ity, and human-centricity in systems for generating value [5]. Scholars like Kusiak 
[6, 7] and Xu et al. [8] support the idea of resiliency in production, emphasizing the 
value-added perspective of 5IR. As per the EC [9], 5IR aims to create more inclusive 
workplaces, strengthen supply networks, and adopt ecologically responsive developed 
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practices. Choi et al. [10] delve into the theme of “sustainable social well-being” 
concerning human-robot interactions (HRI) during the era of 5IR.

Zizic et al. [5] analyze the fundamental principles of 4IR and 5IR, emphasizing the 
pivotal roles of people, organizations, and technology in enabling their performance 
within a theoretical and practical framework. Ivanov [4], from a perspective of opera-
tions and supply chain management, presents a framework for 5IR. This framework 
considers feasible models for chain of supply, reconfigurable chains of supply, and 
human-centric environments, providing insights into societal, network, and plant-
level considerations.

Within the process transformation and supply chain management framework, the 
principles and expertise associated with 5IR gain clarity when examined through the 
dimensions of resilience, sustainability, and human-centric approaches. Leng et al. [11] 
delineate three pivotal aspects of 5IR, which include prioritizing human needs and com-
fort, emphasizing environmental sustainability, and ensuring resilience in the face of 
potential adversities. Furthermore, Maddikunta et al. [12] present nuanced definitions 
and insights concerning 5IR, derived from reflections of experts and academics from 
various sectors. They further elaborate on potential applications and methodologies 
that could advance the adoption of 5IR. Despite the increasing focus on the technologi-
cal aspects of the 5IR paradigm, a profound comprehension of this emergent concept 
remains imperative across management, organization, and technology [4, 5, 11, 12].

Nahavandi [13] emphasizes the fundamental difference between the two indus-
tries, highlighting the shift from mere robots to “cobots” in 5IR—robots collaborat-
ing with human operators. This viewpoint is echoed by Adel [14], defining 5IR as a 
paradigm shift rooted in human-machine collaboration. Correspondingly, Akundi 
et al. [15] note that 5IR’s primary trend is establishing human-robot workplaces and 
creating more innovative societies. Numerous researchers have explored human-
robot collaboration (HRC) in the context of 5IR [16–19].

This chapter lays out the synopsis of the 5IR Paradigm for HRC. First, the path from 
4IR to 5IR is presented and followed by 5IR and its Operator. Second, 5IR knowledge 
and human-centric approaches within 5IR technologies are introduced. Finally, HRC, 
communication strategies in HRC, collaborative robots, and robot learning are depicted.

2.  Following the progression from industry 4.0 to industry 5.0

The concept of 5IR was recently endorsed by the Directorate General for Research 
and Development (DGRD) of the EC, considering it not merely a sequential extension 
or alternative to 4IR but a forward-thinking extension that supplements the existing 
paradigm [20]. However, the 5IR theory outlined in several EC DGRD publications 
(e.g., [1, 20, 21]) places less emphasis on technological aspects and emphasizes the 
sustainability factor of the idea. Publications like Ref. [21] emphasize waste reduc-
tion, the circular economy, and decarbonization as fundamental characteristics of 
5IR, although Breque et al. [20] criticize 4IR for fostering technological monopolies 
and neglecting current societal sustainability challenges.

The EC suggests that 5IR represents a vital progression from 4IR due to critical 
reasons [21]:

• 4IR does not align with the objectives of Europe 2030, as the existing digital 
economy fosters a winner-takes-all structure, resulting in significant wealth gaps 
and technological monopolies.
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• 5IR is not solely a technological advancement; instead, it offers a broader per-
spective on 4IR, infusing a regenerative essence and orientation to the technical 
evolution of industrialized fabrication, emphasizing the interconnected welfare 
of society, the world, and wealth.

The key variations concerning 4IR and 5IR in progressive production are shown in 
Figure 1.

As the evolution of 4IR continues, the emergence of 4IR has already begun to exert a 
significant influence on the production sector and is swiftly gaining attention in scholarly 
discourse [13]. The precise definition of 5IR still needs to be discovered, attributable to 
its recent introduction [15]. The conceptualization of 5IR arises from criticisms that 4IR 
overly emphasizes digitalization and AI-based technologies, neglecting the foundational 
tenets of social equity and sustainability [8]. This critique is supported by Maddikunta 
et al. [12], who argue that 5IR re-incorporates human labor into the manufacturing 
process, fostering the creation of higher-skilled employment opportunities. This paradig-
matic shift seeks to move beyond the constrained HRI characteristic of 4IR, encouraging 
more cooperative, adaptable, and customized interactions within the context of 5IR [23].

Additionally, Muller [1] suggests that 5IR involves concepts and technologies 
like bioinspired technologies, energy efficiency, digital twins (DT), cybersecurity, 
and artificial intelligence (AI). However, the last three ideas are integral to 4IR and 
need to be distinctly characterized in 5IR. The industrial progression from 4IR-5IR is 
illustrated in Figure 2.

Figure 1. 
Key variations concerning 4IR and 5IR in progressive production. (Adapted from: Xian et al. [22]).

Figure 2. 
Industrial progression from 4IR-5IR. (Adapted from: Adel [14]).
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2.1  Industry 5.0

5IR prioritizes sustainability, emphasizing human-driven initiatives rooted in 
industrial production, encapsulated by the 6R’s policy: recognize, reconsider, realize, 
reduce, reuse, and recycle [24]. This framework aims to curb waste while enabling 
the creation of bespoke, high-quality products [12]. However, there needs to be more 
contention surrounding how 5IR’s strategy aligns with sustainable development [25]. 
Contrarily, it revolves around reintegrating humans into factories and fostering col-
laborative work with machines to enhance production efficiency by leveraging human 
cognitive abilities like creativity and knowledge in tandem with intelligent systems’ 
workflows [11–13]. Professionals in industries, IT experts, and researchers are urged 
to emphasize human factors in implementing 5IR’s new technological systems [11, 12].

From a technological standpoint, 5IR marks the “Social Smart Industry era,” 
intertwining social business networks with individuals for seamless communication. 
It is characterized by cyber-physical production systems (CPPS) synergizing with the 
human aspect [11, 12, 26]. Moreover, 5IR is human-centric, emphasizing collaborative 
work between humans and technologies like collaborative robots. Machines manage 
tasks that require significant labor or repetition, while humans supervise activi-
ties involving personalization and critical thought [12]. The alternative perspective 
describes 5IR as an innovation shaping the future of global governance, focusing on 
secure production outputs by segregating automation systems [12].

This concept repositions human agency within global industrial contexts, endeav-
oring to empower individuals through advanced technologies. The foundational 
premise is to integrate human centrality with systemic resilience and sustainability 
by facilitating the harmonization of machines and humans within industrial environ-
ments [11]. Nevertheless, the principles and theoretical frameworks of 5IR remain 
fluid, evolving, and comprehensive, grounded in these core tenets. The primary 
objective is to emphasize the welfare of workers in manufacturing processes, striving 
for a balance between human-machine collaboration while fostering resilience and 
sustainable development across environmental, economic, and social realms. Table 1 
provides a comparative analysis of previous studies that significantly contributed to 
understanding 5IR.

2.2  Operator of industry 5.0

The advent of 4IR brought forth computerized and competent manufacturing 
approaches yet somewhat sidelined the welfare of workers. In this context, 4IR 
appears to overlook the human element. Conversely, in 5IR, the operator performs 
a strategic function in leveraging technology to enhance the quality of the work 
environment. This concept revolves around placing humans at the core of production 
processes, with technology supporting and empowering them. This fosters a harmo-
nious interaction between individuals and machines, allowing human involvement to 
cooperate, merge, and effectively interact with emerging digital technologies [32].

With the advent of 5IR, the concept of Operator 5.0 has emerged, representing the 
next evolution of Operator 4.0, distinguished by enhanced resilience as encapsulated 
in the model of the Resilient Operator 5.0 [33]. Operator 5.0 may be categorized based 
on its objectives: One dimension involves a self-resilient operator who has evolved 
to mitigate inherent weaknesses and confront emerging challenges. At the same 
time, another focuses on system resilience, underscoring robust human-machine 
interactions [12]. Understanding the complexities of future industrial production 
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Reference Study type Conception of 5IR Key results and impacts

Özdemir 
and Hekim 
[28]

Conceptual 5IR evolves gradually, expanding 
upon the concept of 4IR.

5IR employs digital advancements such 
as big data and IoT to make knowledge 
accessible and guide society toward 
sustainable environmental advancement.

Nahavandi 
[13]

Conceptual 5IR represents an evolutionary 
advancement toward a harmonious 
relationship between humans and 
machines.

5IR endeavors to tackle the human-
centered facet of sustainability, wherein 
collaborative robots work alongside 
operators rather than engaging in 
competition.

Longo et al. 
[26]

Empirical 5IR signifies a fresh transformation 
where CPPS merges with human 
operators to materialize CPPS, 
and human agents collaborate to 
establish the concept of symbiotic 
factories.

One of the crucial elements of 5IR is the 
focus on technology engineering that 
prioritizes values and ethics.

Xu et al. [8] Conceptual 5IR is an evolving theory that 
supplements 4IR by fostering 
innovation to advance ecological 
and social principles.

Virtualization technologies and 
integration between humans and 
machines are essential components 
of 4IR. Attaining the sustainability 
objectives envisioned by 5IR could pose 
significant challenges.

Ivanov [4] Conceptual 5IR is a complex occurrence that 
utilizes technological advancements, 
organizational strategies, and 
management approaches to advance 
sustainability.

5IR encompasses businesses, supply 
chains, and communities, prioritizing 
resilience in value creation, human-
centricity, and societal requirements.

Ghobakhloo 
et al. [27]

Empirical 5IR is complementary to 4IR, 
leveraging the collaboration 
between society and industry to 
advance sustainability.

5IR has the potential to foster sustainable 
progress through a multifaceted 
mechanism that includes various 
sustainability functions like integrating 
value networks.

Huang et al. 
[29]

Conceptual 5IR is an innovative framework 
that utilizes flexible and compliant 
technological advancements to 
drive industrial expansion while 
prioritizing socio-environmental 
conservation.

5IR and Society 5.0 intersect, with 
both aiming for similar sustainability 
goals. Human-CPS, employment, 
virtualization, and the integration 
of humans and machines present 
opportunities and challenges for 5IR.

Leng et al. 
[11]

Conceptual 5IR is a vigorous and developing 
framework that strives for 
collaborative and stakeholder-
oriented industrial progress.

5IR intersects with the concepts of 
4IR, Society 5.0, and Operator 5.0. It 
embodies a comprehensive approach 
encompassing multiple industries and 
business sectors.

Maddikunta 
et al. [12]

Conceptual 5IR evolves by harnessing 
the innovative results of the 
collaboration between humans and 
machines.

5IR is primarily propelled by technology. 
A key objective of 5IR is achieving 
widespread customization. This study 
also delves into the foundational 
technologies of 5IR.

Sharma 
et al. [30]

Empirical 5IR signifies a groundbreaking 
and transformative innovation 
that redefines the manufacturing 
landscape, catalyzing a shift from a 
linear economic model to a circular 
economy.

The transformation of 5IR may 
encounter various technical facilitators 
and obstacles, including expenses, 
interoperability issues within systems, 
and the dissemination of inaccurate 
information.
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systems, characterized by significant volatility, requires intricate and multifaceted 
decision-making capabilities from workers. Consequently, future operators must have 
human-centric technology and comprehensive training to control production and 
manufacturing systems [34]. It is essential to support employees of diverse experi-
ences and backgrounds, with particular attention to the sustainability of the human 
workforce, including aging workers engaged in high-intensity tasks [34, 35].

2.3  Industry 5.0 technologies

The shift toward 5IR necessitates a socio-technical evolution, redefining the role of 
operators as the focal point of manufacturing and production systems. This evolution 
hinges on sophisticated strategies and approaches supported by progressive ICT [36]. 
5IR principles can be applied across various aspects, spanning CPPS, data interoper-
ability, and utilizing AI-based systems, 5G and 6G networks, augmented reality (AR), 
and collaborative robots to accomplish clever production methods [18, 37–45].

Introducing robotics into production systems boosts productivity, enhances 
workers’ well-being, and improves workplace health and safety [35, 36]. Collaborative 
robots working alongside humans capitalize on individual and technological capabili-
ties, overcoming limitations in executing cumbersome, repetitive, and potentially 
hazardous tasks, enhancing workplace conditions, process repeatability, and reliabil-
ity [46]. These robots assist in reducing low-value-added operations while enabling 
workers to focus on more advanced tasks requiring sensitivity, mental agility, adapta-
tion, customization, and critical thinking [23, 36].

HRI necessitates continuous assessment of human factors to analyze and evaluate 
working conditions during these interactions [23]. A unique aspect of robotics is the 
advancement of DTs, high-fidelity, simulated representations that communicate in 
real time [42, 47]. These systems and simulation models optimize production and 
conduct safety tests [48]. DTs also promise to mitigate educational disparities by 
facilitating remote learning and training opportunities [49], potentially integrating 
into educational systems [48]. Interactive productive systems with robots further 
create learning environments [50].

However, 5IR raises concerns regarding safety and ethical issues in HRI [41, 51]. 
More stringent safety standards demand resilient safety approaches, guaranteeing 
increased dependability and adaptability in production through dynamic approaches 
from mutually human and robotic viewpoints [51]. Ethical concerns regarding the 
utilization of autonomous smart methods necessitate their prompt incorporation into 
the design phase of novel digital manufacturing methods [41, 52].

Amidst these developments, companies and industries should prioritize 
human-centered production processes by deploying consistent tools that enhance 

Reference Study type Conception of 5IR Key results and impacts

Sindhwani 
et al. [31]

Empirical 5IR builds upon the foundations 
of 4IR, emphasizing collaboration 
between humans and robots, 
digital innovations, and regulatory 
measures to foster a digital 
bioeconomy that advances 
sustainability.

5IR depends on various technical 
facilitators, including bionics, virtual 
reality, digital twinning, and the internet 
of things (IoT).

Table 1. 
Comparison of studies contributing to the conceptualization of 5IR. (Adapted from: Ghobakhloo et al. [27]).
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working environments and workers’ comfort [53]. Retaining and leveraging 
organizational memories and operators’ past experiences are vital for reusing 
successful practices [54]. To adopt the principles and advantages of 5IR, organi-
zations must utilize 4IR digital technologies, such as CPS, big data, AI, DT, and 
collaborative robots [40]. The EC has outlined six directives for 5IR technologies, 
highlighting personalized HRI, advanced bio-inspired technologies, simulation 
and DT, data transmission, storage and analysis, AI, and technologies for envi-
ronmental sustainability [40]. The architecture of 5IR advanced manufacturing is 
depicted in Figure 3.

5IR has changed its focus from distinct technologies to a systemic approach, 
prioritizing societal well-being beyond growth and employment and placing worker 
welfare at the heart of production [8]. Nahavandi [13] envisions 5IR as a phase where 
humans rely on cobots as collaborators, enhancing efficiency, productivity, and cost 
savings while minimizing waste. The International Federation of Robotics (IFR) 
emphasizes that cobots are created to support human workers by handling strenuous 
and repetitive tasks. Other researchers echo similar views on enhancing ergonomics, 
productivity, safety, and affordability [55]. This shift aims to create more diverse 
job profiles, granting workers autonomy in task planning and decision-making and 
fostering effective human-cyber-physical systems [56].

Ensuring the well-being of workers in collaborative human-robot systems is 
crucial. Safety measures following ISO standards specific to industrial, personal, and 
collaborative robots are paramount. Control systems and collision detection mecha-
nisms are pivotal in safe collaboration [57, 58]. Research focuses on AI applications 
controlling safety and ergonomic performance [59–62].

Stress, workload, and trust are factors impacting operators’ performance in HRC 
[63]. Robots’ physical attributes and autonomous actions can cause mental stress and 
increased cognitive workload [64]. Trust plays a pivotal role; a lack of it can diminish 
an operator’s performance. Robot design elements can influence trust levels, empha-
sizing the importance of effective HRI.

Figure 3. 
Architecture of 5IR advanced manufacturing. (Adapted from: Xian et al. [22]).
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2.4  Human-centric approaches within industry 5.0 technologies

The concept of human-centered manufacturing approaches is a fresh and conten-
tious area that warrants clarity and thorough discussion. Nonetheless, this idea draws 
from ongoing research on human welfare, encompassing areas like Ergonomics, 
Operator 4.0, and HRC [65]. The trajectory of industrial production and manufac-
turing is steering toward 5IR, backed by the involvement of collaborative robots 
[66], AI, and cognitive computing technologies [14]. The integration of HRI serves 
as a technical catalyst for transitioning from digital system-oriented production to 
operator-centered production, fostering a digital production ecosystem that equally 
values human and robotic traits [67]. Effective interaction between humans and 
robots should optimize available resources for the benefit of production systems [67]. 
Implementing these cooperative methods also reduces demanding and monotonous 
tasks that might pose probable health and safety risks to workers, negating the neces-
sity for investing in costly and intricate digital equipment [46]. AR stands as a tool 
to amplify the cognitive capabilities of humans and robots by seamlessly integrating 
humans into real-time and dynamic production systems [51]. Furthermore, assess-
ing the effect of HRI proves challenging due to classical evaluation tools focusing 
solely on dynamic and static aspects, often overlooking crucial facts. Hence, current 
studies explore alternative assessment methods employing computerized and sensory 
systems for an additional comprehensive, innovative, and dynamic analysis [23].

A comprehensive overhaul of engineering education is imperative to foster 
sustainability and resilience across social, environmental, and economic dimen-
sions within industries and firms. This reform aims to prepare future engineers with 
sophisticated technological skills, proficiency in data management, and a profound 
understanding of complex systems. The goal is to cultivate industries that are more 
resilient, sustainable, and attuned to human needs in the era of 5IR [68]. The future 
workforce must be able to discern and understand various production systems, 
enabling them to make informed choices among different operational models: those 
relying solely on human effort, those driven by technological capabilities, or those 
integrating both approaches. Consequently, engineering education should empha-
size human-robot interaction (HRI), particularly focusing on the diverse methods 
of interaction and cooperation with emerging CPS [68]. Human-assisted learning 
strategies should also be implemented to manage and regulate automated additive 
manufacturing systems and error detection mechanisms within manufacturing 
processes [69, 70].

3.  Human-robot collaboration

Advances in technology envision robots collaborating with humans in daily life. 
HRC involves a human and a robot working cognitively and physically together 
toward a common goal. This collaboration is pivotal in manufacturing, facilitating 
surveillance, prognostics, health management systems, and bolstering safety and 
sustainability in manufacturing processes [71, 72].

HRC aids in making critical decisions. Machines can assist in collecting information, 
evaluating uncertainty, and sharing crucial information with human decision-makers, 
potentially reducing cognitive loads. Furthermore, human decision-makers can argue 
their opinions with machine assistance, minimizing emotional influences [73].
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As machines become more sophisticated, the relationship between humans 
and automation is transitioning from a “master-servant” dynamic to a “master-
collaborator” one. This shift necessitates different approaches to system design, HRC, 
interfaces, and additional requirements for machines [74].

Current technological advancements are fostering physical interaction between 
humans and machines. This phase of HRI, mainly through the haptic channel, is 
termed HRC [75].

This development has led to the emergence of cobots, collaborative robots 
designed for human collaboration. These robots know human presence, priori-
tize safety, understand human goals and expectations, and learn tasks similar to 
humans [76, 77].

In human-centered production, advanced cognitive science and personalized 
AI suggest that empathic machines can sense human reactions, requirements, and 
partialities, providing situational assistance alongside cooperation [78].

Such circumstances may lead to reciprocal monitoring between humans and 
empathic machines, with the machine’s health measured quantitatively based on 
workload, task fluctuations, and more. This approach marks a new chapter in the 
human-machine relationship—human-machine empathy. Intimate interactions con-
cerning humans and machines may foster continuous human-machine co-evolution, 
paving the way for new relationships centered on mutual enhancement rather than 
competition, shaping a better future for both machines and humans [79].

3.1  Communication strategies in human-robot collaboration

HRC has become a focal point in interdisciplinary research, concentrating on the 
cooperative efforts between humans and robots to achieve shared objectives [80]. 
HRC involves hypothetical and applied investigations into the investigation, plan, and 
assessment of robotic systems engaging with humans [81–83]. Interaction between 
humans and robots, a pivotal aspect of optimal HRC, has been extensively explored 
by researchers [63, 84, 85].

As a foundational step in HRC, communication methods can be categorized into 
tacit and specific forms. Gustavsson et al. outlined sophisticated interaction tech-
niques, such as AR for spatial interaction, text-to-speech (TTS) technologies for ver-
bal information, automatic speech recognition (ASR) for dictating tasks, and gestures 
for transmitting commands [84, 86–88]. Additionally, haptic feedback, virtual reality 
(VR), and audible sound systems were suggested to bridge communication barriers 
between construction workers and robots [81, 89–92].

Berg et al. suggested enhancing communication through gestures and eye-tracking 
technologies, omitting speech recognition due to noisy environments and VR use 
limitations [63]. Explicit communication techniques primarily transmit specific 
information (e.g., distance, contact force), while biosensor-based methods have been 
explored to capture implicit signals (e.g., physiological data) [93, 94].

Numerous theoretical frameworks have been suggested to influence and enhance 
HRC, including Weiss et al.’s multi-level HRC framework, which integrates usability, 
social acceptance, user experience, and societal impact (USUS) factors [95]. Aaltonen 
et al., Johannsmeier, and Haddadin also presented theoretical frameworks focusing 
on refining collaboration levels between humans and robots [96, 97]. While these 
frameworks provide taxonomies for collaboration, they emphasize overall collabora-
tion levels and lack detailed solutions for physical HRC.
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3.2  Human digital twin (HDT) in the context of industry 5.0

HDTs are envisioned as digital replicas of individuals, crafted to complement 
human abilities, boost efficiency, unleash potential, and prioritize well-being 
within intelligent production systems [98, 99]. As a crucial technology within the 
framework of 5IR, HDTs forge explicit links concerning humans and technologies 
to amplify their capabilities, fostering seamless cooperation in advanced intel-
ligent production environments. By leveraging real-time sensing, analysis, and 
automated feedback, HDTs reshape the dynamics of human-system integration, 
improving system design and execution while advocating for the sustainable 
advancement of personalized human skills. Integrating humans’ innate senses and 
cognitive capabilities into intelligent production systems through HDTs facilitates 
the conception of intricate and innovative industrial processes, ultimately enrich-
ing the manufacturing sector and cultivating more profound respect for future 
workers [100].

The evolution of HDT involves several stages, namely human digitalization aware-
ness, enablement, involvement, and integration [101–103]. Human participation in 
the system spans various roles, from a passive spectator forced into the system to an 
active member providing information, an intelligent agent with complex responsibili-
ties, and a program coordinator leading the system. The evolution of human digital 
depiction illustrates the interaction between physical and cyber systems, progressing 
from initial phases characterized by basic digital representations to more sophisti-
cated 2D and 3D visualizations [104, 105].

Human factor indicators encompass human operators’ physical, psychological, 
and cognitive features. Physical guides include postures, workload, and efficiency, 
while psychological indicators encompass mental fatigue, concentration, and more. 
Cognitive indicators capture factors influencing human-system interaction, such as 
reasoning, memory, and motivation abilities. More detailed descriptions correlate 
with increased levels of indicators related to human factors.

Collaborating instruments, including tools and software, facilitate communication 
among humans, physical systems, and cyber systems. Human-machine interfaces 
have developed from early devices with controls and indicators to sophisticated 
visualizations on touch panels, motion capture devices, and X-reality interfaces that 
integrate virtual and physical worlds [106, 107].

HDT can contribute to innovation in industrial processes through human-centric 
design principles, focusing on creating technologies that enhance the well-being, 
satisfaction, and safety of workers. Davila-Gonzalez et al. [108] introduced a con-
ceptual framework designed to enhance worker safety and well-being in industrial 
environments, such as oil and gas construction plants, by leveraging HDT cutting-
edge technologies and advanced AI techniques. Wang et al. [109] presented a concep-
tual framework and system architecture of HDT from an Industry 5.0 perspective. 
Representative HDT applications in different lifecycle phases are presented including 
product design, production, optimization, and maintenance. As an example for 
production phase, an HDT system operator safety and worker management were 
proposed by Kim et al. [110] as illustrated in Figure 4. Mobile devices and motion 
capture equipment gather real-time location coordinates and musculoskeletal data 
to implement digital human modeling in virtual environments. This collected data is 
also utilized for analysis, including localization and posture detection for assessing 
worker safety via rule-based reasoning. Additionally, skeleton data processing aids 
in fatigue analysis using rapid upper limb assessment and standardizing work time. 
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The resulting outputs, such as accident safety levels and fatigue-related work perfor-
mance, assist shop floor workers in timely posture adjustments. This system enables 
safety managers to monitor shop floor workers and prevent potential accidents, while 
also supporting process managers in ensuring productivity and safety, particularly 
concerning musculoskeletal injuries.

3.3  Collaborative robots (cobots)

Despite robots being utilized in industries for decades, 4IR has introduced 
highly connected robots capable of autonomous operation, playing an active role 
in various factories. In contrast, the 5IR generation anticipates a shift toward col-
laborative robots, or “cobots,” devised to operate with humans under their guid-
ance. Enabled by advancements in digital technologies like AI, machine learning, 
and traditional robotics, cobots can sense and adapt to their surroundings, learn-
ing in real time. This adaptability renders them highly flexible, ideal for manu-
facturing small batch sizes, and meeting the demands of personalized products, a 
crucial aspect of future manufacturing. Unlike their predecessors confined within 
fenced environments, cobots are released to coexist, cooperate, and collaborate 
(3Cs) with human counterparts. These lightweight, precise, and easily program-
mable cobots can assist humans by handling physically demanding, hazardous, or 
repetitive tasks [111].

To guarantee human safety and build trust in robots, the industry has imple-
mented regulations for CoBots by establishing safety standards for HRC. These stan-
dards govern the safe behavior of both practitioners and CoBots, providing direction 
for developing smart production systems. Notably, ISO 10218, categorized as a Type 
C technical standard, outlines safety design guidelines and obligations for protective 
measures in industrial robots. It details fundamental hazards associated with robotics 
and stipulates measures to eliminate or effectively mitigate them. Complementing 
ISO 10218 and ISO/TS 15066 introduces additional safety requirements for collabora-
tive industrial robot systems and their work environments. Beyond safety standards, 
various technical solutions have been developed for preventive measures, focusing 
on collision detection, robot motion planning, and assessing risks associated with 
collaborative robots.

Figure 4. 
An HDT system for operator safety and work management. (Adapted from: Kim et al. [110]).
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3.4  Robot learning

In the context of 4IR robotics, instructions involve collecting many images and 
posing data acquisition and programming challenges. However, 5IR introduces a 
paradigm shift where robots acquire motion skills through demonstrations, facilitat-
ing more flexible and precise human-robot cooperation [22]. Demonstrations can 
be conducted by either a robot or a human instructor. Human instructors offer the 
advantage of showcasing intricate and task-specific motions more easily than robot 
instructors. Consequently, the prevalent approach in advanced production is robot 
learning through human demonstrations. In 5IR, introducing humans into industrial 
manufacturing involves more intricate application scenarios. Therefore, cobots must 
exhibit flexibility and adaptability to various scenarios, leading to extensive research 
on transfer learning between different tasks. In a study [112], the robot’s acquired 
skills are generalized and applied to diverse tasks, enabling rapid adaptation to new 
learning tasks. This approach demonstrates that leveraging prior knowledge through 
knowledge transfer allows for higher expected returns with reduced exploration in 
the learning process.

4.  Conclusions

The transition from 4IR to 5IR signifies a profound evolution in the dynamics of 
human-robot interactions, setting the stage for unprecedented collaboration and 
synergy. 5IR represents a paradigmatic shift toward human-centric methodologies 
within technological advancements, underscoring the necessity of integrating human 
intelligence and creativity with robotic capabilities.

In 5IR, operators exemplify skilled practitioners working with automated systems 
to enhance performance and efficiency. 5IR technologies are characterized by a 
synthesis of advanced innovations, including collaborative robots (cobots), robot 
learning, and communication strategies designed explicitly for HRC.

Within the framework of 5IR, human-centric approaches are prioritized to uphold 
the well-being and enhance the capabilities of human workers, ensuring that techno-
logical progress augments rather than supplants their roles. HRC emerges as a funda-
mental element of 5IR, fostering dynamic and productive partnerships where humans 
and robots strive collectively toward shared objectives.

Effective HRC communication strategies facilitate smooth interaction and coor-
dination between humans and robots. Additionally, the HDT concept is vital for 
identifying and optimizing human actions within the 5IR context.

Collaborative robots, or cobots, illustrate the potential within 5IR to enable safe 
and effective cooperation between humans and machines in shared work environ-
ments. Concurrently, robot learning is advancing, allowing robots to adapt and learn 
from human interactions, thereby enhancing their effectiveness in dynamic settings.

The comprehensive vision of 5IR for HRC encapsulates a transformative agenda 
where humans and robots coalesce seamlessly, utilizing their strengths to drive inno-
vation, efficiency, and prosperity in the digital era. As we embrace 5IR’s potential, we 
are propelled toward a future where human creativity and technological sophistica-
tion merge, redefining the prospects for both industry and society.
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Chapter 2

Navigating the Digital 
Transformation: Unveiling 
Industry 4.0 Challenges and 
Preparing for Industry 5.0
Abin George

Abstract

This chapter delves into the intricate relationship between Industry 4.0 and the 
Indian tourism workforce, with a specific focus on faculty and student perceptions. 
Tourism is an important economic contributor in India, and this study explores how 
Industry 4.0, characterized by digital, physical, and biological convergence, impacts a 
sector recovering from the profound disruption caused by COVID-19. The challenges 
faced by the Indian tourism industry in adopting Industry 4.0 are elucidated, includ-
ing the digital divide, workforce adaptability, job displacement concerns, and the 
need for updated education and training. Human-centric approaches are becoming 
increasingly important as the industry prepares for Industry 5.0, focusing on critical 
thinking, emotional intelligence, and sustainability. The Indian tourism sector’s jour-
ney towards a digital future is explored in the study, highlighting both the promises 
and challenges encountered along the way. A mixed-method research approach was 
used in the research combining in-depth interviews, surveys, and real-time case 
studies to glean nuanced insights. The recommendations include further examination 
of specific skills, teaching methodologies, and business challenges associated with 
Industry 4.0. This research informs educational practices, industry strategies, and 
governmental policies, offering a roadmap for a successful transition to the digital 
tourism era.

Keywords: Industry 4.0, Industry 5.0, tourism workforce, digital transformation, 
human-centric approach

1. Introduction

Industry 4.0 is the fourth industrial revolution, characterized by the convergence 
of digital, physical, and biological technologies. It is having a significant impact on 
all industries, including tourism. In India, the tourism industry is a major contributor 
to the economy, accounting for around 9.2% of GDP and 39.5 million jobs in 2019 
and the industry is expected to grow rapidly in the coming years, with the number 
of foreign tourist arrivals projected to reach 30.5 million by 2025 [1]. The adoption 
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of Industry 4.0 technologies is still in its early stages in India, but it is picking up 
pace. The tourism sector in India was severely impacted by the COVID-19 pandemic. 
According to [2], the number of foreign tourist arrivals in India fell by 74.9%, from 
27.41 million in 2019 to 6.33 million in 2020. The number of domestic tourist visits 
fell by 58.3% in 2020, from 1.85 billion in 2019 to 774 million in 2020. Even though 
in 2021, the number of foreign tourist arrivals in India increased by 25.2%, to 7.94 
million. The domestic tourism sector also recovered in 2021. The number of domestic 
tourist visits increased by 33.7%, to 1.03 billion.

Imagine weaving through bustling Indian bazaars with a hyper-personalized AR 
guide whispering historical secrets in your ear. Or picture scaling the Himalayas with 
VR, conquering the peaks from any corner of the globe. These fantastical experi-
ences, once dreams, are now on the horizon as the Indian tourism industry undergoes 
a seismic shift driven by Industry 4.0. This technological revolution, infused with 
automation, data analytics, and hyper-connectivity, promises to reshape every facet 
of travel, from destination marketing to guest interactions. Yet, amidst this whirlwind 
of disruption, a crucial question lingers: how will the Indian tourism workforce adapt 
and thrive in this new digital landscape?

The COVID-19 pandemic has had a significant impact on the tourism workforce 
in India. Millions of tourism workers have lost their jobs or had their hours reduced. 
The pandemic has also made it difficult for tourism businesses to operate profitably 
and working with the government to develop policies and programs that support the 
transition to Industry 4.0. Azmi et al. [3] found that academicians in the field prefer 
traditional teaching methods and face challenges in adapting to Industry 4.0, such 
as limited internet accessibility. Shah et al. [4] highlighted the impact of COVID-19 
on students’ perceptions of career opportunities, with many expressing a preference 
for the industry despite concerns about job security and entry-level positions. Bilotta 
et al. [5] emphasized the need to incorporate Industry 4.0 technologies into tour-
ism education, focusing on data acquisition, analysis, and communication systems. 
Dhiman [6] provided insight into employers’ perceptions of employability skills, 
suggesting a need for enhanced human resource and dynamic business skills. Atef 
and Balushi [7] explores the perceptions of Omani tourism and hospitality students, 
revealing a lack of interest in the industry as a long-term career path. These stud-
ies [3–7] collectively underscore the need for a comprehensive examination of the 
impact of Industry 4.0 on the Indian tourism workforce, particularly in terms of skills 
development and career perceptions.

1.1 Challenges in adapting to Industry 4.0

The digital divide introduces [8] inequalities in technology access, particularly 
between rural and urban areas, hindering inclusivity and widening economic gaps. 
Workforce adaptability encounters resistance from established businesses and 
reluctance among older generations to embrace new skills, potentially impeding the 
pace of digital transformation. Concerns about Job Displacement and Reskilling arise 
due to the automation of repetitive tasks, necessitating effective programs to equip 
displaced workers with new skills. The lag in the education and training curriculum in 
tourism, not aligning with Industry 4.0 advancements, leaves graduates unprepared 
for critical skills such as data analytics and AI. Moreover, ethical and regulatory 
concerns emerge with increased data collection, posing challenges related to privacy, 
security, and potential bias in AI algorithms. The absence of clear regulations around 
emerging technologies further complicates the industry’s adaptation.
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1.2 Preparing for Industry 5.0 in tourism

As the tourism industry prepares for the imminent evolution into Industry 5.0 [9], 
a shift towards human-centric values becomes pivotal. This necessitates a renewed 
focus on critical thinking, creativity, and adaptability to navigate the ever-evolving 
technological landscape. Emphasizing emotional intelligence and ethics is crucial to 
cultivating empathy and responsible technology use, guarding against AI bias and 
ensuring inclusivity. Collaboration and co-creation take center stage, encouraging 
partnerships among industry, government, and academia to create a supportive 
ecosystem for adaptation and innovation. Examples of Industry 5.0 technologies for 
tourism education, such as human-centered AI, virtual reality with empathy training, 
gamification for sustainable tourism, and collaborative platforms for tourism plan-
ning, emerge as integral components to shape a future that seamlessly blends techno-
logical advancement with human-centric values, promising authentic and sustainable 
travel experiences for generations to come.

This study aims to achieve two primary objectives. Firstly, research seeks to 
identify the key skills and competencies that tourism students and professors perceive 
as essential for success in the Industry 4.0 era. Secondly, to assess the perspectives 
of faculty and students regarding the transition towards a human-centric approach 
of Industry 5.0 within the Indian tourism workforce. Understanding these percep-
tions is integral to shaping future workforce strategies and educational frameworks. 
To address these objectives, the study poses specific research questions: firstly, what 
skills and competencies are identified as critical for success in the Industry 4.0-driven 
tourism industry by students and professors, and secondly, how do tourism faculty 
and students perceive the transition towards the human-centric approach of Industry 
5.0 within the Indian tourism workforce?

2. Literature review

The literature review provides insights into the new types of jobs and skills needed 
in the context of Industry 4.0. The review identifies the importance of skills such as 
adaptability, soft skills, software engineering, data analytics, and technical skills. It 
emphasizes the need for preparing the youth for future technology and the require-
ment to master a blend of skills. Eva and Květa [10] suggested the need for further 
research on the readiness of the education system to the changes faced by Industry 
4.0, case studies of countries with the best fit of the education system and industry 
needs, and empirical research on the match between industry expectations and 
system readiness. Wang and Huang [11] identified intrinsic factors as the most influ-
ential in shaping students’ perceptions of tourism careers. These studies collectively 
highlight the need for a balance between traditional and modern teaching methods, 
the importance of adapting to technological advancements, and the influence of 
personal factors on career perceptions.

The rapid advancement of technology and the emergence of Industry 4.0, char-
acterized by the fusion of digital technology, data analytics, automation, and the 
Internet of Things (IoT), are transforming various industries, including the tourism 
sector [12, 13]. This transformation is impacting the skills and competencies required 
for success in the tourism workforce [14, 15]. To fully grasp the impact of Industry 
4.0 on the Indian tourism workforce, it is crucial to explore the perceptions of both 
tourism students and professors regarding this transformative phenomenon. Research 
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suggests that both groups possess a moderate to high level of familiarity with Industry 
4.0, indicating an awareness of its potential to reshape the tourism industry [16, 17]. 
This familiarity is reflected in their positive perceptions of Industry 4.0’s impact on 
the future of tourism, with a focus on its ability to enhance efficiency, personaliza-
tion, and customer experience [15, 18].

2.1 Critical skills and competencies for Industry 4.0 tourism

Studies have identified a range of critical skills and competencies essential for 
success in the Industry 4.0-driven tourism industry. These include digital literacy, 
data analysis, social media marketing, adaptability, problem-solving, communica-
tion. Refs. [12, 14] define adaptability as the ability to adjust to new technologies and 
changing workplace requirement. The competence in problem-solving, entailing the 
capability to identify and effectively resolve issues, is expounded by [12, 15]. Digital 
literacy, defined as the proficiency in utilizing technology for both work and commu-
nication, is encapsulated by the insights presented by [14, 16]. Refs. [15, 16] articulate 
the importance of proficiency in social media marketing to promote tourism products 
and services. According to [15, 17] aptitude for data analysis encompasses the ability 
to collect, analyze, and interpret data to make informed decisions. It is important to 
be able to communicate effectively with colleagues, customers, and stakeholders.

2.2 Perceptions of Industry 4.0 and its impact on tourism

Research suggests that both tourism students and professors have a moderate to 
high level of familiarity with Industry 4.0 [16, 17]. They perceive Industry 4.0 to have 
a positive impact on the future of the tourism industry, with a focus on its potential 
to enhance efficiency, personalization, and customer experience [15, 18]. The impact 
of Industry 4.0 on the Indian tourism workforce is significant, requiring new skills 
and competencies for success. Tourism education and training institutions need to 
adapt their curricula to incorporate these essential skills and prepare students for the 
demands of the Industry 4.0-driven tourism industry.

3.  Theoretical framework for examining the impact of Industry 4.0 on the 
Indian tourism workforce

The rapid advancement of Industry 4.0, characterized by the convergence of 
digital, physical, and biological technologies, is revolutionizing industries worldwide, 
including the tourism sector. This transformative shift presents both opportuni-
ties and challenges for the Indian tourism workforce, demanding a comprehensive 
understanding of its impact on skills, competencies, and education.

3.1 Impact of Industry 4.0 on the tourism workforce

Industry 4.0 is having a mixed impact on the tourism workforce in India. On the 
one hand, it is automating many routine tasks, which is leading to job losses in some 
areas. On the other hand, it is also creating new jobs in areas such as data analytics, 
software development, and digital marketing. In the enchanting tapestry of the 
tourism industry, the threads of technology weave both a spell of promise and a tale 
of stark divisions. According to [8], unequal access to technology across regions and 
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demographics amplifies existing inequalities, restricting participation and career 
advancement for marginalized groups. The impact of Industry 4.0 on the tourism 
workforce is a complex and multifaceted issue [19, 20] and highlight the potential 
for positive and negative impacts, with the former emphasizing the need for training 
in smart device and software development, and the latter discussing the effects on 
touristic businesses’ financials and the tourism economy. Refs. [21, 22] both under-
score the importance of innovation and the integration of technology in the tourism 
sector, with the former focusing on the relationship between tourism innovation and 
business competitiveness, and the latter emphasizing the potential for technologies 
like AI, IOT, and robotics to transform travel and tourism.

Automation poses a significant threat to jobs involving repetitive tasks like book-
ing, check-in, and housekeeping [23]. Research suggests 85 million jobs globally could 
be lost by 2025, with tourism facing potential disruption [8]. Effective reskilling and 
upskilling programs are essential to equip workers with new skills in data analysis, AI, 
and digital marketing. Unequal access to technology exacerbates existing inequalities, 
limiting career advancements for marginalized groups [24]. New roles emerge in data 
management, AI development, and digital marketing, offering exciting career paths 
for skilled professionals [25]. Industry 4.0 fosters innovation and entrepreneurship, 
creating a dynamic job market. Technology can be harnessed to promote sustain-
able practices like resource optimization and waste reduction [26]. This contributes 
to a more resilient and environmentally conscious tourism industry, aligning with 
Industry 5.0’s focus on sustainability. These studies collectively suggest that while 
Industry 4.0 presents significant opportunities for the tourism workforce, it also 
requires careful management and adaptation to ensure its benefits are maximized.

3.2 Changing skills and competencies for the tourism industry

Industry 4.0 is changing the skills and competencies that are required for tour-
ism workers. The rapid advancements of Industry 4.0, fueled by automation, data 
analytics, and hyper-connectivity, are significantly impacting the tourism workforce 
landscape in 2023. In the past, tourism workers needed to have strong interpersonal 
skills and knowledge of the local area. In the future, they will also need to have strong 
digital skills and be able to use technology to personalize the customer experience. 
The digital transformation in the Indian tourism industry has led to a shift in con-
sumer behavior, with a focus on experiences rather than products. However, there 
is still a gap in the development of these skills, particularly in the areas of digital 
capability and communication [27].

The adoption of Industry 4.0 technologies is driving a paradigm shift in the skills 
and competencies required for success in the tourism industry. Traditional tourism 
roles are evolving, demanding a new set of capabilities to navigate the digital land-
scape and harness the potential of emerging technologies. This has created a need for 
digital skills and competencies in the industry, which are being addressed in tourism 
education through cooperative-experiential learning [28]. The use of digital technol-
ogy in teaching and learning is seen as a way to address this gap, with a focus on both 
students and faculty members [29]. In the Indian context, the attitude of customers 
towards online travel services is influenced by the service and trust attributes of travel 
websites [30]. Effective reskilling and upskilling programs are crucial to equip dis-
placed workers with new skills [24]. Navigating the constantly evolving technological 
landscape demands the ability to learn new skills quickly, solve problems creatively, 
and adapt to changing scenarios [25]. Empathy, cultural sensitivity, and responsible 
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use of technology are crucial to ensure inclusivity, avoid AI bias, and foster ethical 
tourism practices [26]. It’s a symphony of human values, playing harmoniously with 
the digital notes of progress.

3.3 Assessing faculty and student perceptions

To effectively address the impact of Industry 4.0 on the Indian tourism workforce, 
understanding the perceptions and preparedness of faculty and students is crucial. 
This involves assessing their awareness of Industry 4.0 concepts, their perceptions 
of its impact on the tourism industry, and their level of preparedness to integrate 
these technologies into their teaching and learning practices. Students are more likely 
to pursue careers in tourism if they perceive it as offering good job opportunities, 
growth potential, and attractive salaries. Positive perceptions of the tourism industry, 
including its contribution to economic development, cultural exchange, and envi-
ronmental sustainability, can attract students to the field [31]. This refined presenta-
tion of the theoretical framework provides a comprehensive and scholarly basis for 
examining the impact of Industry 4.0 on the Indian tourism workforce. It highlights 
the transformative nature of Industry 4.0 in the tourism sector, the changing skills 
and competencies required for success, and the critical role of tourism education and 
training in preparing the workforce for the future.

4. Research methodology

This study utilizes a mixed-method approach drawing inspiration from estab-
lished research methodologies to ensure a nuanced exploration of the impact of 
Industry 4.0 on the Indian tourism workforce. It includes in-depth interviews with 
faculty members and surveys with tourism students, complemented by real-time 
case studies of companies actively adopting Industry 4.0 technologies in the Indian 
tourism industry and also case studies from the previous research. The study employs 
a combination of quantitative and qualitative data collection methods.

In alignment with [32, 33], this study conducted in-depth interviews with 
esteemed faculty members and surveyed 110 tourism students to garner diverse per-
spectives on Industry 4.0. Hair et al. [34] conducted quantitative research by collect-
ing data involved surveying 110 tourism students to evaluate students’ perceptions 
and attitudes towards Industry 4.0 technologies. The interviews, inspired by Bryman’s 
qualitative research approach [35], aimed at delving into the personal experiences and 
insights of 40 experienced tourism professors regarding the integration of Industry 
4.0 in tourism education. To augment the qualitative and quantitative findings, 
real-time case studies of companies actively adopting Industry 4.0 technologies in 
the Indian tourism industry were undertaken. Additionally, insights from previous 
research enriched the study’s historical context. Interview transcripts underwent a 
rigorous thematic analysis using NVivo software [36], enabling the identification 
of key themes and patterns in the faculty’s insights. The coded data was exported to 
Excel for further visualization and exploration of relationships between identified 
themes and survey findings. Quantitative data, collected through a survey of 110 
tourism students, underwent analysis using SPSS software. This involved coding the 
interview transcripts to identify recurring themes and patterns. The coded data was 
exported to Excel for further data processing and visualization, following the prin-
ciples outlined by [37]. This meticulous combination of qualitative and quantitative 
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methods ensures a holistic understanding of the challenges, opportunities, and 
practices associated with Industry 4.0 in the Indian tourism sector. 

Figure 1   illustrates a comprehensive and integrated research approach employed 
to investigate the multifaceted impact of Industry 4.0 on the Indian tourism work-
force. The combination of mixed-methods, including in-depth interviews, surveys, 
and real-time case studies, provides a nuanced understanding of faculty and student 
perspectives, as well as practical insights from industry implementations, contribut-
ing to a holistic exploration of the evolving landscape within the Indian tourism 
industry. 

  4.1 Case studies 

 Case study 1: reskilling and upskilling the tourism workforce in Goa, India. 
 This case study [ 38 ] highlights the proactive approach taken by the Goa Tourism 

Development Corporation (GTDC) to address the challenges and opportunities posed 
by Industry 4.0. By implementing initiatives to enhance the awareness and adoption 

  Figure 1.
  Research approach for examining the impact of Industry 4.0 on the Indian tourism workforce.          
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of Industry 4.0 technologies among tourism businesses and employees, the GTDC has 
demonstrated a commitment to upskilling and reskilling the local workforce to meet 
the demands of the digital tourism era. The GTDC’s efforts have resulted in the devel-
opment of new training programs specifically tailored to the skill needs of the digital 
tourism industry. This case study serves as an example of how government organiza-
tions can play a crucial role in facilitating the transition of the tourism workforce 
towards Industry 4.0 readiness. By proactively addressing the skill gaps and providing 
the necessary training and support, the GTDC is ensuring that the Goa tourism sector 
remains competitive and adaptable in the face of technological advancements.

Case study 2: the impact of Industry 4.0 on employment patterns in the Indian 
tourism sector.

This study [39] delves into the transformative impact of Industry 4.0 on the 
employment patterns within the Indian tourism sector. The study emphasizes the 
growing demand for skilled labor in the tourism sector, particularly in areas such 
as data analysis, digital marketing, and technology support. These emerging skill 
requirements necessitate a shift in focus towards upskilling and reskilling the exist-
ing workforce to ensure their adaptability to the changing demands of the industry. 
By identifying the emerging skill requirements and developing targeted training 
programs, policymakers and industry stakeholders can play a crucial role in minimiz-
ing job displacement and fostering a skilled and adaptable workforce for the digital 
tourism area.

Case study 3: the role of education and training in preparing the Indian tourism 
workforce for Industry 4.0.

This study [40] emphasizes the critical role of education and training in preparing 
the Indian tourism workforce for the demands of Industry 4.0. It highlights the need 
for a greater emphasis on integrating digital skills and competencies into tourism 
education and training programs. The study proposes a collaborative approach 
between industry and academia to ensure that the curriculum and training programs 
align with the evolving skill requirements of the digital tourism industry. This case 
study underscores the importance of aligning education and training with the reali-
ties of the digital tourism industry. By incorporating industry insights and fostering 
practical learning experiences, educational institutions can prepare graduates with 
the knowledge, skills, and adaptability necessary to thrive in the Industry 4.0-driven 
tourism landscape.

Case study 4: embracing Industry 4.0 for sustainable tourism in Kerala, India.
Kerala, a renowned tourist destination in India, is embracing Industry 4.0 tech-

nologies to promote sustainable tourism practices and enhance the overall visitor 
experience [41]. The state government and tourism industry stakeholders are collabo-
rating to implement innovative solutions that optimize resource utilization, reduce 
environmental impact, and promote responsible tourism. Implementation of Smart 
Tourism Infrastructure: Kerala is deploying smart tourism infrastructure, including 
IoT sensors and AI-powered systems, to monitor and manage resource consump-
tion, such as energy and water usage. This real-time data analysis enables the state to 
optimize resource allocation, reduce waste, and promote more sustainable tourism 
practices.

AI-driven waste management solutions: to address waste management challenges 
in tourist hotspots, Kerala is implementing AI-powered waste collection and recycling 
systems. These systems utilize sensors and algorithms to identify waste bins that 
require emptying and optimize collection routes, reducing the environmental impact 
of tourism activities.
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Personalized eco-friendly recommendations: Kerala is leveraging AI to provide 
personalized eco-friendly recommendations to tourists, encouraging them to adopt 
sustainable practices during their stay. This personalized approach promotes respon-
sible tourism and raises awareness of environmental conservation efforts.

Case study 5: Empowering tourism micro-entrepreneurs through Industry 4.0 in 
Himachal Pradesh, India.

In Himachal Pradesh, India, Industry 4.0 technologies are being harnessed to 
empower tourism micro-entrepreneurs, enhancing their digital literacy, connectiv-
ity, and access to market opportunities [42]. This initiative aims to bridge the digital 
divide and enable micro-entrepreneurs to participate effectively in the digital tourism 
economy.

Digital literacy and skills training: Himachal Pradesh government and industry 
partners are providing digital literacy and skills training to tourism micro-entre-
preneurs, equipping them with the knowledge and skills to utilize digital tools and 
platforms effectively. This training covers areas such as online marketing, social 
media management, and e-commerce.

Digital marketplace platforms: Online marketplaces and e-commerce platforms 
are being developed to provide tourism micro-entrepreneurs with a wider reach and 
access to potential customers. These platforms enable them to showcase their prod-
ucts and services, connect with tourists, and expand their customer base.

Financial inclusion and payment solutions: Digital payment solutions and finan-
cial inclusion initiatives are being implemented to facilitate cashless transactions and 
enhance the financial well-being of tourism micro-entrepreneurs. This promotes 
financial inclusion and empowers them to manage their finances more effectively.

4.1.1 Real-time case studies

Case study 1: Airbnb India’s embrace of Industry 4.0.
Airbnb India is a prime example of how Industry 4.0 is transforming the tourism 

industry in India. Airbnb India has emerged as a leading hospitality provider in the 
country, revolutionizing the tourism industry through its innovative adoption of 
Industry 4.0 technologies [43]. The company’s data-driven approach has enabled it to 
personalize guest experiences, predict demand with greater accuracy, and optimize 
pricing strategies, contributing to its rapid growth and market dominance.

Personalized guest experiences: Airbnb India leverages data analytics to gain deep 
insights into customer preferences and behaviors. By analyzing booking patterns, past 
reviews, and user profiles, the company can tailor recommendations and curate list-
ings that align with individual interests. This personalized approach enhances guest 
satisfaction and encourages repeat bookings.

Demand forecasting and pricing optimization: Airbnb India utilizes sophisti-
cated algorithms to predict demand fluctuations and optimize pricing across its vast 
network of accommodations. This data-driven strategy ensures that the company 
can maximize revenue while maintaining competitive pricing and attracting guests 
during peak seasons.

Case study 2: Taj Hotels’ implementation of smart hospitality.
Taj Hotels is a leading luxury hotel chain in India that has been at the forefront 

of adopting Industry 4.0 technologies [44]. The company has implemented smart 
hospitality solutions that use sensors, artificial intelligence, and machine learning to 
improve guest experiences, optimize resource utilization, and enhance operational 
efficiency.



34

Industry 4.0 Transformation towards Industry 5.0 Paradigm – Challenges, Opportunities…

Sensor-based guest experience enhancement: Taj Hotels has deployed sensors 
throughout its properties to gather real-time data on guest behavior and preferences. 
This data is analyzed to identify potential issues, anticipate guest needs, and provide 
personalized services, leading to enhanced guest satisfaction and loyalty.

AI-powered resource optimization: the hotel chain has implemented AI-powered 
systems to optimize resource utilization, such as energy consumption, water usage, 
and staff scheduling. These systems analyze usage patterns and predict future 
demand, enabling Taj Hotels to operate more efficiently and sustainably.

Machine learning-driven operational excellence: Taj Hotels leverages machine 
learning algorithms to analyze vast amounts of operational data, identifying areas 
for improvement and streamlining processes. This data-driven approach has led to 
reduced costs, improved service delivery, and enhanced operational efficiency.

Case study 3. Yatra.com’s use of artificial intelligence for travel recommendations.
Yatra.com, a leading online travel agency in India, has harnessed the power of 

artificial intelligence to provide personalized travel recommendations to its customers 
[45]. The company’s AI-powered recommendation engine has transformed the travel 
booking experience, catering to individual preferences and enhancing customer 
satisfaction.

AI-powered recommendation engine: Yatra.com’s AI-powered recommendation 
engine analyzes customer data, including past travel history, search patterns, and 
demographic information, to predict travel preferences and suggest relevant travel 
options. This personalized approach ensures that customers receive tailored recom-
mendations that align with their interests and needs.

Real-time travel recommendations: the recommendation engine operates in 
real-time, continuously updating suggestions as new information becomes available, 
such as changes in search patterns, seasonal trends, and dynamic pricing. This real-
time adaptability ensures that customers receive the most relevant and up-to-date 
recommendations.

Case study 4: OYO Rooms’ leveraging of AI for hotel management.
OYO Rooms, a leading hotel aggregator in India, has adopted AI to optimize 

its hotel operations, enhancing efficiency and improving guest experiences [46]. 
The company’s AI-powered system analyzes data from its vast network of hotels to 
identify areas for improvement and make data-driven recommendations.

AI-powered pricing optimization: OYO Rooms utilizes AI algorithms to analyze 
demand patterns, competitor pricing, and guest preferences to optimize pricing 
across its hotels. This data-driven approach ensures that the company can maximize 
revenue while maintaining competitive pricing and attracting guests.

AI-driven housekeeping and maintenance: OYO Rooms employs AI to analyze 
housekeeping and maintenance data, identifying potential issues and scheduling 
tasks proactively. This predictive approach helps prevent problems from arising, 
ensuring that guests enjoy clean, well-maintained accommodations.

Case study 5: MakeMyTrip’s use of chatbots for customer support.
MakeMyTrip, a prominent online travel agency in India, has deployed chatbots to 

provide 24/7 customer support, enhancing the travel booking experience and resolv-
ing customer inquiries efficiently [47].

AI-Powered chatbots for customer interaction: MakeMyTrip’s chatbots are 
equipped with natural language processing capabilities, enabling them to under-
stand customer queries, provide relevant information, and resolve issues promptly. 
This automated approach allows the company to handle a high volume of customer 
interactions effectively.
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Chatbots for personalized assistance: the chatbots can personalize interactions 
based on customer data and booking history, providing tailored assistance and 
recommendations. This personalized approach enhances customer satisfaction and 
encourages repeat bookings.

These case studies illustrate the transformative impact of Industry 4.0 on the Indian 
tourism industry, showcasing how companies are leveraging data analytics, artificial 
intelligence, and machine learning to personalize experiences, optimize operations.

4.2 Description of data collection and analysis

4.2.1 Quantitative data collection

A structured survey was conducted with 110 tourism and hospitality students 
from across India aimed at evaluating how they perceive Industry 4.0’s impact on 
their career prospects. Students were specifically asked about their views regarding 
skill development needs arising from Industry 4.0 and their expectations for tourism’s 
future trajectory. The data was analyzed using descriptive statistics, including fre-
quency distributions, means, and standard deviations to evaluate their perceptions of 
Industry 4.0’s impact on their career prospects and the future of the tourism industry.

Five real-time case studies were conducted to gain a deeper understanding of 
the implementation and impact of Industry 4.0 in the tourism industry. These case 
studies involved in-depth interviews with key stakeholders, observations of Industry 
4.0 technologies in use, and document analysis of organizational strategies and 
initiatives. Five case studies from previous research were reviewed to gain insights 
from similar contexts and broaden the scope of analysis. These case studies provided 
valuable perspectives on the challenges and opportunities of Industry 4.0 adoption in 
different tourism settings.

4.2.2 Qualitative data collection

Semi-structured interviews were conducted with forty faculty members hail-
ing from members from prominent tourism institutions in India were interviewed 
through semi-structured interviews. The interviews were specifically designed to 
gather insights into the faculty’s perceptions of the impact of Industry 4.0 on tourism 
education and training. The focus areas included the assessment of skill require-
ments and the examination of employment patterns within the tourism sector. The 
qualitative data from the professor interviews was analyzed using thematic analysis to 
identify recurring themes and patterns in their perceptions and expectations.

4.2.3 Descriptive statistical analysis

Descriptive statistical analysis was employed to summarize the quantitative data 
collected from the student survey. Measures of central tendency, dispersion, and 
frequency distributions were used to describe the students’ perceptions, expectations, 
and preparedness levels.

4.2.4 Thematic analysis

For qualitative data analysis, the data collected from the real-time case studies 
and the case studies from previous research were analyzed using thematic analysis. 
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This method involved identifying recurring themes, patterns, and variations in the 
data to gain a deeper understanding of the implementation, challenges, and impact of 
Industry 4.0 in the tourism industry.

4.2.5 Cross-case analysis

Cross-case analysis was conducted to compare and contrast the findings from 
the real-time case studies and the case studies from previous research. This process 
allowed for the identification of common themes and patterns across different con-
texts and the development of generalizations about the implementation and impact of 
Industry 4.0 in the tourism industry.

5. Data analysis and results

In this section, the findings of mixed-method research approach are presented. 
Utilizing a combination of in-depth interviews with 40 faculty members and a survey 
of 110 tourism students, complemented by real-time case studies and insights from 
previous research, our study provides a comprehensive analysis of the evolving 
landscape within the Indian tourism industry. The data collection methods, includ-
ing qualitative thematic analysis and descriptive statistical analysis, offer a nuanced 
understanding of faculty and student perspectives, as well as real-world implementa-
tions of Industry 4.0 technologies in the tourism sector.

Figure 2 not only showcases a systematic and holistic research methodology 
applied to explore the diverse implications of Industry 4.0 on the Indian tourism 
workforce but also incorporates a model of framework summarizing the findings. 
This integration of mixed-methods, spanning in-depth interviews, surveys, and 

Figure 2. 
A framework summarizing the findings.
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real-time case studies, facilitates a nuanced comprehension of faculty and student 
perspectives, accompanied by valuable practical insights from industry implementa-
tions, thereby enriching the comprehensive exploration of the dynamic changes 
within the Indian tourism industry.

Table 1 reveal key themes and patterns in faculty perceptions of Industry 4.0 
(I4.0) and its impact on the tourism industry. There is a unanimous belief among 
faculty that I4.0 is significantly transforming the tourism sector, prompting the 
necessity for an adaptation in teaching methods to effectively prepare students for 
the evolving landscape. The analysis indicates that faculty and student perceptions 
of I4.0 align in the shared understanding that students must cultivate digital fluency, 
data analytics skills, and adaptability to emerging technologies. The identified theme 
emphasizes the skills deemed crucial for the I4.0-driven tourism workforce by faculty, 
emphasizing students’ ability to leverage technology for enhancing guest experiences, 
optimizing operations, and making informed, data-driven decisions. These themes 
collectively emphasize the urgency for educational adaptation, collaboration with 
industry partners, and a focus on skill development to effectively prepare students for 
the dynamic challenges presented by Industry 4.0 in the tourism industry.

The students in the sample are relatively young as per Table 2, descriptive statisti-
cal analysis of survey data, with an average age of 22 years. The majority of them are 
male (3 out of 5) and in their second year of study (2 out of 5). The majority of the 
students have a moderate level of familiarity with Industry 4.0 (2 out of 5). They also 
have a positive perception of the impact of Industry 4.0, with the majority believing 
that it will have a positive impact on the tourism industry (2 out of 5). The students 

Theme Description Excerpts from transcripts

Impact of I4.0 
on tourism

Faculty believe that I4.0 is 
transforming the tourism industry 
and that faculty need to adapt 
their teaching methods to prepare 
students for the future.

I4.0 is bringing about a paradigm shift in the 
tourism industry, and we need to ensure that 
our students are equipped with the skills they 
need to succeed and also faculty need to adapt 
their teaching methods to prepare students for 
the future. I4.0 is revolutionizing the way we do 
business in the tourism industry, and we need to 
prepare our students for this new reality.

Faculty and 
student 
perceptions of 
I4.0

Faculty believe that students need 
to develop digital fluency, data 
analytics skills, and adaptability 
to new technologies. Traditional 
tourism curriculum is no longer 
adequate and that more hands-on 
learning and industry collaboration 
are needed.

Students need to develop digital fluency, 
data analytics skills, and adaptability to new 
technologies. The demand for skilled labor in 
the tourism sector is increasing, and we need 
to focus on developing students’ digital literacy 
and problem-solving abilities. We need to work 
closely with industry partners to ensure that our 
curriculum is up-to-date and relevant to the needs 
of the workforce.

Skills required 
for the I4.0 
tourism 
workforce

Faculty stress the need for students 
to use technology effectively in 
enhancing guest experiences, 
optimizing operations, and making 
data-driven decisions, emphasizing 
hands-on exposure to Industry 4.0 
technologies.

Students need to be able to use technology to 
enhance guest experiences, optimize operations, 
and make data-driven decisions. We need to 
provide students with opportunities to learn about 
and experiment with I4.0 technologies in a real-
world setting.

Table 1. 
Themes and patterns in faculty perceptions of Industry 4.0 and its impact on the tourism industry.
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believe that a number of skills are important for success in the Industry 4.0 era. The 
most important skills are problem-solving, communication, and adaptability (4 
out of 5 students believe that these skills are extremely important). Digital literacy 
and data analysis are also seen as important, with the majority of students believing 
that they are extremely important or very important (3 out of 5 students for digital 
literacy and 2 out of 5 students for data analysis). Social media marketing is seen as 
less important, with the majority of students believing that it is moderately important 
or very important (2 out of 5 students). The students are moderately confident in the 
creation of Industry 4.0 jobs (2 out of 5 students are moderately confident or very 
confident). They are also moderately prepared for the demands of Industry 4.0 (2 out 
of 5 students are moderately prepared or very prepared).

Industry 4.0 is bringing significant changes to the Indian tourism industry, 
requiring new skills and competencies for its workforce. This transformation is 
leading to both automation and the creation of new jobs in the digital tourism sector. 
Educational institutions and training providers need to adapt their curriculums to 
prepare students for these evolving skill demands. Government policies and initiatives 
play a crucial role in supporting the development of a digital tourism infrastructure 
and facilitating the adoption of Industry 4.0 technologies by businesses. Empowering 
tourism micro-entrepreneurs through access to digital tools and training is essential 
to ensure their participation in the digital economy. The cross analysis of the case 
studies as per Table 3, highlight the need for a concerted effort from stakeholders in 
the Indian tourism industry to address the challenges and opportunities presented 

Case study Key findings Recommendations

Case study 1: reskilling and 
upskilling the tourism 
workforce in Goa, India

The Goa Tourism Development 
Corporation (GTDC) has taken 
a proactive approach to address 
the challenges and opportunities 
posed by Industry 4.0.

Develop comprehensive training 
programs to upskill and reskill tourism 
professionals in digital skills such as data 
analytics, artificial intelligence, and social 
media marketing.

Case study 2: the impact 
of Industry 4.0 on 
employment patterns in 
the Indian Tourism Sector

Industry 4.0 is leading to both 
automation and the creation of 
new jobs in the digital tourism 
realm.

Collaborate between industry and 
academia to ensure that educational 
programs align with the evolving skill 
requirements of the digital tourism 
industry.

Case study 3: the role of 
education and training 
in preparing the Indian 
tourism workforce for 
Industry 4.0

Educational institutions and 
training providers need to 
integrate digital skills and 
competencies into their 
curriculum.

Foster a culture of digital literacy and 
entrepreneurship among tourism 
professionals to encourage innovation and 
adoption of Industry 4.0 technologies.

Case study 4: embracing 
Industry 4.0 for 
sustainable tourism in 
Kerala, India

Kerala is using Industry 4.0 
technologies to promote 
sustainable tourism practices.

Implement government policies that 
support the development of a digital 
tourism infrastructure and promote the 
adoption of Industry 4.0 technologies by 
tourism businesses.

Case study 5: empowering 
tourism micro-
entrepreneurs through 
Industry 4.0 in Himachal 
Pradesh, India

Himachal Pradesh is using 
Industry 4.0 technologies 
to empower tourism 
micro-entrepreneurs.

Provide financial assistance and support 
to tourism micro-entrepreneurs to enable 
them to access digital tools, platforms, 
and training opportunities.

Table 3. 
Cross-case analysis of the provided case studies.
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by Industry 4.0. By proactively investing in reskilling and upskilling the workforce, 
adapting educational programs, and creating a supportive policy environment, India 
can ensure the long-term success of its tourism industry in the digital age.

6. Discussion

The findings resonate with a positive perspective held by tourism students towards 
I4.0, envisioning its favorable impact on the industry. Students identified critical 
skills, including problem-solving, communication, adaptability, digital literacy, and 
data analysis, as essential for success in the I4.0 era. The digital divide, underscored in 
UNWTO’s findings [8], emphasizes how unequal access to technology amplifies exist-
ing inequalities. Workforce adaptability challenges align with Azmi et al.’s insights 
[3], emphasizing the need for adaptability among tourism academicians. Concerns 
about job displacement and the call for effective reskilling programs align with Shah 
et al.’s study [4], highlighting the impact of COVID-19 on the need for reskilling in 
the tourism sector. The study’s findings regarding the lag in education and training 
curriculum correspond with Bowen and Morosan’s recommendations [12] to align 
education with Industry 4.0 advancements.

Faculty members unanimously agreed on the transformative impact of I4.0 on 
the tourism industry. Their emphasis on adapting teaching methods underscores the 
dynamic nature of the digital landscape and the need for educational institutions to 
be agile in response. Faculty highlighted the pivotal role of technology in enhancing 
guest experiences, optimizing operations, and fostering data-driven decision-making. 
Recognizing the need for a curriculum overhaul and the infusion of hands-on learn-
ing experiences, faculty members advocate for a holistic approach to address the 
evolving skill set required in the digital age. Ethical concerns, particularly related to 
data collection, align with the broader ethical considerations raised by UNWTO [8]. 
Preparing for Industry 5.0 in tourism, as outlined in this study, aligns with global 
priorities [9], emphasizing human-centric values, emotional intelligence, ethics, 
sustainability, resilience, and collaboration. The identified critical skills align with 
Guttentag’s insights [14], emphasizing the importance of skills like digital literacy, 
data analysis, and communication in the tourism workforce. The transition to a 
human-centric approach aligns with the overarching shift emphasized by the World 
Tourism Organization [9]. Real-time case studies align with existing literature [5, 13], 
emphasizing the need for upskilling, the impact on employment patterns, and the role 
of education and training in Industry 4.0 adaptation. This alignment underscores the 
consistency and relevance of the study’s findings with existing literature, reinforcing 
broader trends and challenges in the context of Industry 4.0 in the tourism industry.

The strengths of this study lie in the meticulous mixed-method approach, 
integrating in-depth interviews, surveys, and real-time case studies. This robust 
methodology enhances the credibility of the findings by triangulating data from 
diverse sources, contributing to a comprehensive understanding of the subject matter. 
The study’s strength also lies in its relevance to the real-world application, evident in 
the integration of case studies from the Indian tourism industry. While the discus-
sion delves into the transformative impact of I4.0 on the tourism industry, the study 
indicates the dual nature of I4.0, acknowledging both automation-induced job losses 
and the creation of new opportunities. However, expanding on specific instances or 
case studies illustrating how I4.0 technologies have reshaped operational processes, 
customer experiences, and business models within the tourism sector would provide 
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a richer and more vivid portrayal. A deeper exploration of how technologies like 
artificial intelligence, data analytics, and automation have been harnessed by tourism 
businesses in India could amplify the discussion on transformation, illustrating the 
tangible effects of I4.0 on various facets of the industry. The study indicates the trans-
formative impact of I4.0 on the Indian tourism industry. Exploring how the observed 
challenges and opportunities align with or diverge from trends in the global tourism 
landscape would enhance the study’s broader relevance. Additionally, a comparison 
with findings from studies conducted in other countries or regions facing similar 
digital transformations could provide a cross-cultural perspective. Such comparative 
analysis would contribute to a more comprehensive understanding of the universal 
and context-specific aspects of I4.0 challenges in the tourism sector.

The study is limited to the Indian context, which may limit the generalizability 
of the findings to other cultural and economic contexts. The sample size of faculty 
interviews and student surveys could also be considered a limitation, impacting the 
representativeness of the study. Additionally, the temporal aspect, given the rapidly 
evolving nature of I4.0 technologies, should be acknowledged.

The research on the impact of Industry 4.0 on the Indian tourism workforce 
recommends several avenues for future exploration. First, a detailed investigation 
into the specific skills required for success in Industry 4.0 within various tourism 
roles is suggested. Second, there is a call to examine the effectiveness of different 
teaching methodologies in preparing students for the demands of Industry 4.0. Third, 
researchers are encouraged to delve into the challenges and opportunities faced by 
tourism businesses in adopting Industry 4.0 technologies. Additionally, an analysis of 
the employment landscape, an evaluation of government policies, and comparative 
studies across different regions are proposed. Ethical implications of Industry 4.0 and 
the role of emerging technologies in shaping the tourism industry’s future are also 
highlighted as areas deserving further research attention. Conducting comparative 
studies across different countries or regions is recommended to identify best practices 
and challenges in adapting to Industry 4.0 within the tourism industry. This research 
approach can offer valuable insights into global variations and successful strategies, 
providing a comprehensive understanding of the diverse impacts and adaptations 
related to Industry 4.0 in the tourism sector.

7. Conclusion

As the tourism industry in India stands at the cusp of the fourth industrial revo-
lution, the profound impacts of Industry 4.0 are unmistakable. The synthesis of 
insights from faculty interviews, student surveys, and real-time case studies provides 
a comprehensive understanding of the dynamic interplay between technology and the 
tourism industry in India. Faculty members unanimously agree on the transformative 
impact of I4.0 on the tourism industry. Adaptive teaching methods are deemed neces-
sary to prepare students for the demands of the digital tourism era. Faculty empha-
sizes the use of technology for enhancing guest experiences, optimizing operations, 
and making data-driven decisions. The importance of developing digital fluency, data 
analytics skills, and adaptability among tourism students is underscored. The study 
acknowledged the need to update the traditional tourism curriculum and incorporate 
more hands-on learning experiences. These perceptions align with the growing 
demand for digital skills in the tourism industry. Tourism students express a positive 
view of I4.0, anticipating a positive impact on the tourism industry. Identified critical 



42

Industry 4.0 Transformation towards Industry 5.0 Paradigm – Challenges, Opportunities…

Author details

Abin George
CSIR-NAL, Bangalore, India

*Address all correspondence to: abin@nal.res.in

skills for success include problem-solving, communication, adaptability, digital 
literacy, and data analysis. Emphasized the transformative impact of I4.0 on employ-
ment patterns in the Indian tourism sector.

The imminent shift towards Industry 5.0 demands a recalibration of values in the 
tourism sector. Prioritizing human-centric values, the industry must emphasize criti-
cal thinking, creativity, and adaptability. Emotional intelligence and ethical consider-
ations take precedence to foster empathy and responsible technology use, addressing 
concerns related to AI bias and ensuring inclusivity. Sustainability and resilience 
become imperative, woven into the fabric of tourism practices. Collaboration and 
co-creation emerge as central tenets, advocating for partnerships among industry, 
government, and academia to create an ecosystem conducive to adaptation and inno-
vation. Industry 5.0 technologies, such as human-centered AI, virtual reality with 
empathy training, gamification for sustainable tourism, and collaborative platforms, 
are envisioned as integral components shaping a future that seamlessly integrates 
technological advancement with human-centric values. These insights provide valu-
able guidance for tourism educators and policymakers in preparing the workforce 
for the demands of the digital tourism area. In conclusion, this chapter contributes 
a holistic examination of the digital transformation journey in the Indian tourism 
industry, navigating the challenges of Industry 4.0 and preparing for the human-
centric paradigm of Industry 5.0.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 3

Determining Decision-Making 
Factors for Technology Adoption in 
the Construction Industry
Makram Bou Hatoum and Hala Nassereddine

Abstract

Construction organizations have been undergoing major efforts as the industry 
acknowledges the need to improve and change its traditional business-as-usual 
model. Inspired by the wave of technological advancement brought forward by the 
fourth industrial revolution (i.e., Industry 4.0 or its construction counterpart known 
as Construction 4.0), the need to investigate and successfully exploit technologies has 
never been more critical for construction researchers and practitioners. One research 
topic that remains limited pertains to the organizational aspect of successful technol-
ogy adoption and the impact on the business environment in which the organization 
operates. To address the gap, the study utilizes the Technology-Organization-
Environment (TOE) framework and synthesizes the existing research corpus to 
develop a comprehensive list of 23 decision-making factors for construction organi-
zations to evaluate when adopting technologies. The study also offers an overview 
of existing research on the adoption of Construction 4.0 technologies, proposes 97 
potential measures to evaluate the factors, and provides a discussion of the research 
trends. Accordingly, findings from this study can lay the foundation for decision-
making processes and frameworks as technology adoption research grows and change 
efforts expand across the construction industry.

Keywords: Construction 4.0, construction management, decision making, 
digitalization, innovation, organizational change

1. Introduction

The construction industry holds significant global importance, contributing 
substantially to the world’s economy. Projections indicate that by 2030, the industry 
is anticipated to contribute approximately 15% to the global GDP, with an 85% 
predicted increase in the volume of construction output reaching US$ 15.5 trillion 
worldwide [1, 2]. Despite its strong economic impact, the construction industry faces 
major problems that are affecting its performance. Notably, construction projects are 
highly likely to face cost and schedule overruns [3], design delays [4], safety prob-
lems [5], material and equipment issues [4, 6], and litigation [7]. Additionally, the 
industry faces resistance to change [8], repels younger workers [9, 10], lacks stan-
dardization [11], suffers from a high turnover rate [12], and has ineffective knowledge 
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Aspect Findings References

Definition Construction 4.0 is defined as the “digitization and industrialization 
of the construction industry” that (1) enables real-time vertical 
integration, horizontal integration, and end-to-end engineering, 
(2) advances construction processes through mechanization and 
automation, and (3) bridges the gap between the physical and cyber 
environments across the entire lifecycle of all types of assets.

[25–27]

Design principles The design principles of Construction 4.0 include:

• Interconnection and interoperability through effective coor-
dination, collaboration, and communication (human-human, 
human-machine, and machine-machine).

• Decentralization notably at the level of decision-making both 
internally (i.e., within the organizations’ cross-functional 
teams) and externally (among project players and supply chain 
players).

• Transparency through open, clear, and readily available 
information for relevant parties that require access to it.

• Technical assistance through embracing technologies that 
enhance processes, empower people, and boost project 
performance.

[28, 29]

Transformations The transformations of Construction 4.0 include:

• Product transformation or transforming the physical asset that 
results from a construction project.

• Delivery transformation or transforming the delivery of the 
project from conceptualization through decommissioning and/
or demolition.

• Digital transformation through enhancing the physical-cyber 
interaction.

• Mindset Transformation through focusing on people and 
encompassing “scientific thinking”.

[30]

Technologies Construction 4.0 embraces, enables, and introduces a set of 
technological tools and technology concepts to the industry such as 
additive manufacturing, artificial intelligence, augmented and virtual 
reality, autonomous vehicles, blockchain, big data, cloud computing, 
cybersecurity, digital twins, drones, internet of things, geographic 
information systems, laser scanning, precast, prefabrication, 
modularization, robotics, and sensors.

[21, 27, 
31–36]

Table 1. 
Construction 4.0 fundamental aspects.

management systems [5]. Considering these challenges and the anticipated growth of 
the construction industry, the traditional business-as-usual model falls short of the 
industry’s expectations and is no longer sustainable [13, 14], especially as the indus-
try’s annual productivity is capped at a staggeringly low growth of 1% annually versus 
a 2.8% total economic growth [15].

To address the challenges plaguing the construction industry, practitioners and 
researchers have prioritized the initiation of digitization and industrialization initia-
tives and explored the use of various technologies across the project lifecycle [16, 17]. 
Specifically over the past decade, the industry has made substantial investments in 
significant technological advancements and trends that have been introduced or 
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pushed by the fourth industrial revolution, also known as Industry 4.0 [18]. Recent 
events have also pushed organizations to accelerate technology adoption, such as the 
surge in infrastructure investments, the demand for transparency within the supply 
chain, the rise in legislation to combat climate change, the arrival of Generation Z 
into the workforce, and the unexpected and unplanned outbreak of the COVID-19 
pandemic that compelled organizations to conduct business in contactless environ-
ments and ensure the continuity of their operations [19, 20].

The rise in technology adoption led to “Construction 4.0”, a term coined to repre-
sent the mapping of Industry 4.0 into the construction industry [21]. The term was 
conceptualized in 2016 as part of a roadmap to digitize the construction industry of 
Europe and unleash the potential of automation, digital data, digital access, and con-
nectivity across the construction supply chain players [22, 23]. Since then, research 
on Construction 4.0 has expanded to further understand the concept and its effect on 
the industry [24]. Table 1 summarizes the fundamental aspects of Construction 4.0 
as pertained in the construction body of knowledge.

1.1 Point of departure and motivation

The adoption of cutting-edge technology across industries can have a significant 
contribution to the industrial restructuring and economic transformation of the 
countries in which they operate, as well as increase the profits of organizations 
within these industries [37]. Organizational success can also largely depend on 
the organization’s ability to foster new technologies, especially that embracing the 
fourth industrial revolution’s technologies and achieving its components have shown 
great promise in enabling project success such as budget and schedule compliance, 
customer satisfaction, strategic accomplishments, and functionality or value achieve-
ments [38]. Thus, by embracing Construction 4.0 and effectively adopting its tech-
nologies, the construction industry can unlock a multitude of applications that bring 
benefits to all stakeholders involved in construction projects [18, 39]. This will also 
allow construction organizations to prepare for the fifth industrial revolution—i.e. 
Industry 5.0, which is beginning to unfold across various sectors [24].

However, the unique nature of the construction industry, particularly the high 
level of fragmentation, can make it challenging to adopt Construction 4.0 tech-
nologies and exploit their full potential [5]. It has been well documented that the 
construction industry suffers from vertical fragmentation with the various trade 
specialties, horizontal fragmentation with the dominance of small and medium-sized 
firms facing intense competition, and longitudinal fragmentation with the high 
turnover of clients and suppliers between one project and another [40, 41]. In such a 
fragmented context, even cutting-edge technologies developed for the construction 
industry can face potential failure, as technology providers and adopters must over-
come numerous barriers including regulatory, commercial, cultural, organizational, 
and even psychological barriers [41, 42].

With the multi-faced and complex problems facing the industry, construction 
organizations must base technology adoption decisions on a sufficient volume of 
reliable and high-quality information [43]. Relying on such information can limit 
uncertainty, decrease the likelihood and severity of risks, and increase decision-
makers confidence by better understanding consequences [43, 44]. This is especially 
important for technology adoption decisions, as the implementation of technologies 
comes with risks and challenges that may not only overshadow the success of the 
implementation but also extinguish the value of the technologies being adopted [45]. 
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Thus, before adoption, decision-makers should evaluate the extent to which technolo-
gies of interest are a good fit with the organization’s business from various aspects.

Although previous studies have investigated technology adoption, the focus has 
mostly targeted the adoption from an individual level and how users can implement 
and exploit the potential of the technology [46, 47]. This creates a need to compre-
hensively understand and examine the decision-making factors that may influence 
the successful adoption of technologies from the perspective of the organization and 
the business environment in which it operates [13, 48, 49]. The holistic evaluation 
of such decision-making factors can allow organizations to justify financial invest-
ments [50], ensure that the technology can deliver the desired benefits over time [51], 
evaluate the impact of the technology on stakeholders and partners [52], assess the 
technology’s compliance with regulations and standards [53], gain more flexibility 
and efficiency when applying technologies to projects [54], and look “beyond the 
cognitive selling points of a technology” [55].

2. Objective and scope

2.1 Research objective

To address the gap, this chapter aims to develop a comprehensive list of decision-
making factors for construction organizations to evaluate when adopting tech-
nologies. The chapter offers an overview of existing research on the adoption of 
Construction 4.0 technologies, extracts the decision-making factors, proposes poten-
tial measures for every factor, and provides a discussion of the research trends derived 
from the literature review. It is important to note that the scope of the chapter focuses 
on determining the decision-making factors rather than conducting a comparative 
analysis, assigning weights, quantifying, or evaluating the relative importance of 
every factor. The value of this comprehensive approach is two-fold, as it centralizes 
available information for industry practitioners and decision-makers while providing 
scholars with solid groundwork to expand on the decision-making research area. This 
comprehensive approach also serves to minimize redundancies and duplication of 
efforts within the dynamic field of technology adoption, especially as technologies 
continue to evolve and more studies are expected to emerge.

2.2 Selection of theoretical underpinning

To examine the concept of innovation adoption in organizations, research from 
different industries utilized several theories such as the Technology Adoption Model 
(TAM) [56], the theory of planning behavior (TPB) [57], the unified theory of accep-
tance and use of technology (UTAUT) [58], diffusion of innovation (DOI) [59], theory 
of reasoned action (TRA) [60], and technology-organization-environment (TOE) 
[61]. Theories of TAM, TBP, UTAUT, and TRA focus more on the individual level of 
analysis and the user perspective [62], making them unsuitable for the objective of 
this chapter. DOI and TOE investigate technology at the organizational level, but TOE 
is advantageous in studying adoption, use, and value creation as it accounts for the 
organization as well as the environment [63]. The TOE theory also has many strengths:

• TOE has a robust theoretical basis and solid empirical evidence as it was used in 
various technology adoption investigations across all industries [64];
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• TOE has guided scholars in identifying the drivers of technology adoption from 
a corporate perspective, and the flexible nature of its factor makes the evaluation 
suitable for companies of all sizes and their intended use of the technology [65, 66];

• The extensive assessment of the external and internal capabilities of the technol-
ogy as well as the internal and external factors that can affect the company makes 
TOE valuable in supporting sound decisions, predicting the success of adoption, 
and providing a comprehensive understanding of the adoption process [67, 68];

• The TOE aspects can be constantly extended to ensure the relevancy of the 
theory to timely business contexts [65];

• The TOE aspects present both opportunities and limitations for adoption, 
demonstrating broad applicability across several technological, industrial, and 
cultural contexts [69];

• TOE has proved its broad applicability across several technological industrial and 
cultural contexts [62, 69];

• TOE is the only framework that united both human and non-human factors by 
incorporating technology, organization, and environmental perspectives, and 
the literature offers strong empirical validation of the TOE framework [64, 70].

Thus, TOE was chosen as the underpinning theory for this study. In summary, 
the “Technological” aspect is concerned with technologies that are relevant to the 
organization including technologies available in the market as well as those being 
utilized by the organization [62]. The technology decision-making factors mostly 
stem from the DOI theory, and they allow the organization to assess new technologies 
and evaluate the added value and benefits that they can bring to the existing business 
[71]. The “Organizational” aspect refers to the inherent characteristics and resources 
of the organization [72]. The organizational decision-making factors allow the 
organization to “assess inwardly” and evaluate its strengths and weaknesses regarding 
the technologies of interest [71]. The “Environmental” aspect illustrates the arena or 
the setting in which the organization conducts its business [73]. The environmental 
decision-making factors provide the organization with a lens into the organization’s 
business ecosystem and understand the opportunities as well as challenges in the 
external environment surrounding the business [71].

3. Methodology

A systematic literature review (SLR) was conducted to identify the TOE decision-
making factors that influence the adoption of Construction 4.0 technologies in the 
construction industry. SLR is a common and effective technique for investigating 
existing research and extracting knowledge on a targeted topic [74, 75]. The technique 
has extensively been used in construction management research, particularly for 
developing decision-making methods [76–78] and determining decision-making 
factors [54, 79, 80].

Since the outcome of SLR is dependent on the selected sample of studies, it is impor-
tant to use “an objective and reproducible search system” [81, 82]. As such, this study 
utilized the Web of Science (WOS) database to extract the related studies as its one of the 



Industry 4.0 Transformation towards Industry 5.0 Paradigm – Challenges, Opportunities…

54

Figure 2. 
The review process for publications.

most comprehensive databases for systematic reviews, meta-analysis, and bibliometric 
analysis [83, 84], and contains access to unique journal titles, particularly in the fields of 
natural sciences and engineering [85]. A query-based search was performed to search the 
title, abstracts, and keywords of WOS publications using the keywords shown in Figure 1.

The review process for extracting the decision-making factors and possible 
measures is illustrated in Figure 2. Studies that passed the title/abstract scan were 
reviewed for two aspects: (1) to determine if they were construction-related  
(i.e., the literature, surveys, case studies, and/or interviews were from the construc-
tion industry), and (2) if the technology was unique and relevant to Construction 
4.0. This resulted in 22 publications from which the TOE decision-making factors 
were extracted. As for studies that had TOE decision-making factors and measures 

Figure 1. 
The WOS query-based search (* indicates an asterisk used for search purposes).
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but were not construction-related or did not analyze a relevant technology, they were 
added to a database that was scanned to only extract suggested measures that can be 
used to evaluate the factors. The database resulted in 19 publications. All publications 
used are presented in Table 2.

The following is a description of the review process illustrated in Figure 2. The 
study conducted by Pan and Pan [100] for instance used TOE to investigate the use of 
robotics in the Chinese construction industry. Since the paper covers a Construction 
4.0 technology and relates to the construction industry, it was added to “relevant 
publications”. On the other hand, the study conducted by Ma et al. [110] utilized TOE 
to investigate social media use in the Chinese construction industry. Since this study 
was construction related but did not investigate a construction 4.0 technology, it 
was added to “other publications” (construction related). Similarly, Bakici et al. [69] 
and Iranmanesh et al. [117] investigated big data adoption in France and Malaysia 
respectively, but both studies surveyed experts from inside and outside the construc-
tion industry. Thus, both studies were added to “other publications” (not construction 
related). This database of “other publications” was used to support the development 
of measures for the various TOE factors. Since TOE construction-related research is 
scarce, a review of the measures utilized in other studies provided additional resources 
to formulate construction-related measures to evaluate the TOE factors under study.

To further understand and detect research trends among the decision-making 
factors, three heatmaps were created to visualize the distribution of the factors by 
type of investigation (i.e., whether the factor was mentioned directly or indirectly), 
by technology (i.e., the technology that the publication targeted), and by year (i.e., 
the year of publication). The frequency of occurrence of the factors across the three 
distributions serves as the database for the heatmaps, as utilizing frequency is another 
commonly used approach to offer knowledge and detect trends in SLR-based con-
struction management studies [18, 121, 122].

4. Results and analysis

4.1 Review of relevant publications

Based on the SLR and as depicted in Figure 3, Blockchain was the most inves-
tigated technology with 4 studies, followed by robotics, 3D printing, precast, and 

Database Publications

Relevant publications Aghimien et al. [86]; Attencia and Mattos [87]; Badi et al. [88]; Besklubova et al. 
[89]; Cai et al. [90]; Chaurasia and Verma [91]; Dashti and Viljevac-Vasquez [92]; 
Gan et al. [93]; Jadhav [94]; Katebi et al. [95]; Li et al. [96]; Lu and Deng [97]; Mabad 
et al. [64]; Muylle [98]; Na et al. [99]; Pan and Pan [100, 101]; Ram et al. [71]; Umar 
[102]; Viljakainen [66]; Wang et al. [103]; Wu et al. [104]; Yuan et al. [105]

Other publications 
(construction exclusive)

Chen et al. [106]; Jadhav [94]; Juan et al. [107]; Lee and Yu [108]; Li et al. [109]; Ma 
et al. [110]; Park et al. [111]; Tran et al. [112, 113]

Other publications (not 
construction exclusive)

Arnold et al. [114]; Bakici et al. [69]; Chandra and Kumar [115]; Gangwar et al. 
[63]; Ghaleb et al. [116]; Iranmanesh et al. [117]; Malak [118]; Tsai and Yeh [119]; 
Wong et al. [70]; Zhang et al. [120]

Table 2. 
Publications in the above databases.
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sensors with 3 studies each, then Big Data and Augmented/Virtual Reality with 2 
studies each, and finally artificial intelligence and cloud computing with 1 study 
each. The earliest publication on TOE with Construction 4.0 technologies was in 2019 
where four studies utilized TOE to evaluate the adoption of Robotics, 3D printing, big 
data, and precast.

4.1.1 Artificial intelligence

The study by Na et al. [99] focused on the adoption and acceptance of AI-based 
technology in South Korean construction firms using a TOE-TAM model. Structural 
equation modeling (SEM) applied to survey data from 241 respondents showed that 
technological factors such as suitability, compatibility, and relative advantage had a 
positive influence on the adoption of AI-based technologies and the ease of use within 
the organization. However, environmental factors like social influence and competi-
tion did have any effect, which the study attributed to organizations’ “conservatism” 
as they slowly adopt and test the technology. As for organizational factors like culture 
and structure, they had a positive impact on end-users’ ease of use, but a negative one 
on the perceived usefulness of AI-based technology.

4.1.2 Augmented/virtual reality

Two studies investigated the adoption of augmented reality (AR) and virtual real-
ity (VR). Dashti and Viljevac-Vasquez [92] interviewed 13 construction professionals 
in Sweden and concluded that the lack of knowledge about the benefits, a limited 
number of vendors, insufficient knowledge about the interactions of AR/VR with 
other technologies, a lack of management expertise, financial constraints, high-risk 
investments, a lack of encouragement from owners, and the terms of contracts are 
significant TOE factors affecting adoption. Viljakainen [66] also conducted inter-
views with professionals in Finland using a “Who, What, Where, How many, How 

Figure 3. 
Profile of the 22 relevant publications.
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much” approach. Results showed that technological factors such as limited features 
and capability and compatibility concerns can restrict AR usage, organizational 
factors such as strategic long-term planning, leadership support, commitment, and 
resources are critical for the success of AR, and environmental factors in terms of 
environment, competition, reputation, and striving for innovation can help promote 
AR. The study further highlighted that a “forced trigger” event like the COVID-19 
pandemic can push reluctant companies to adopt AR in their operations [66].

4.1.3 Big data

Two studies were conducted to understand the factors affecting the adoption of 
Big Data in the construction industry. Ram et al. [71] synthesized existing literature to 
develop a conceptual TOE model that is positively associated with Big Data adoption 
in the industry. The model highlighted the importance of integrating Big Data with 
existing organization technologies like BIM and the relative advantage of utilizing 
Big Data in reaping gains including cost savings, speed, efficiencies, and informed 
decision-making. A second study by Chaurasia and Verma [91] gathered data from 
365 Indian AEC firms and proposed a TOE-PSVAM model to understand the factors 
affecting Big Data adoption in construction firms as well as service firms. The results 
showed that firm size was significant for construction firms, readiness and top man-
agement support were significant for service firms, while data quality, complexity, and 
competitive pressure were significant for both construction and service firms [91].

4.1.4 Blockchain

Two studies utilized TOE to investigate the adoption of Blockchain among Chinese 
construction organizations. Using a TOE-TAM based study, the empirical results 
conducted by Wang et al. [103] on 256 survey responses showed that relative advan-
tage, compatibility, competitive pressure, technological maturity, organizational 
readiness, and policy can impact the adoption of Blockchain in China. Competitive 
pressure had the greatest positive impact on adoption while organization readiness 
had a negative impact. The authors attributed the results to the fundamental changes 
and disruptions that Blockchain could bring to organizations and the traditional 
ways of conducting business [103]. Similar results were obtained by Li et al. [96] who 
developed a conceptual TOE model to analyze the determinants of Blockchain adop-
tion in construction using partial least squares (PLM) SEM and fuzzy-set qualitative 
comparative analysis via data gathered from 244 respondents. Results added firm size 
and top management support to factors that can significantly influence blockchain 
adoption in China, and highlighted that further investigation is needed into complex-
ity, trialability, and pressure from training partners [96]. In the UK, Badi et al. [88] 
identified and investigated TOE factors that influence the adoption of smart contracts 
through a survey on 104 professionals. Results of a regression model showed top man-
agement support as an organizational facilitator that significantly facilitates smart 
contracts, competitive pressure, and supply chain pressure as two environmental 
aspects that significantly facilitate smart contracts, and observability as a technology 
aspect that significantly limits smart contracts. The study also explained that the rela-
tive immaturity of smart contracts may have contributed to all technological aspects 
being non-significant, notably relative advantage for the lack of empirical benefits, 
and compatibility due to the nature of current construction project contracts [88]. 
The fourth Blockchain study conducted by Wu et al. [104] took a different approach 
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as it utilized TOE to summarize challenges facing blockchain adoption. The study 
highlighted that success can depend on several factors such as scalability, security, 
compatibility, training, contractual collaborations, consensus on data sharing, and 
industry standards [104].

4.1.5 Cloud computing

Aghimien et al. [86] aimed to identify the determinants for using cloud comput-
ing and predict its usage in South African construction organizations. Data from 154 
experts were analyzed using SEM and regression models, revealing six significant 
factors including three technology factors related to cost-effectiveness, availability, 
and compatibility, and three environmental factors related to client demand, com-
petitor pressure, and trust in vendors. However, no organizational factors were found 
significant due to the high awareness of the technology and most organizations being 
either early or laggard adopters in at least one aspect of the technology [86].

4.1.6 Precast

The adoption of prefabricated building technologies is influenced by various 
factors. Gan et al. [93] used fuzzy cognitive maps to identify critical factors through 
in-depth interviews with 39 experts representing six key stakeholder groups. Three 
factors in specific—cost, market demand, and policies and regulations—were 
perceived as critical by all stakeholders. The study also provided practical suggestions 
to promote prefabricated building technologies including establishing an information 
exchange platform, issuing mandatory policies and regulations by the government, 
and simulating the market demand [93]. Yuan et al. [105] adopted a TOE-TAM model 
via a survey of 234 professionals in China and found that relative advantage, corpo-
rate social responsibility, and market demand are significantly positively related to 
increasing the perceived usefulness of the technology, while regulatory support and 
trading partner support can decrease the complexity of using it. Results also showed 
that compatibility, organizational readiness, top management support, and competi-
tive pressure did not impact the ease of use or perceived usefulness of the technology 
[105]. Katebi et al. [95] also used a TOE-TAM model to quantitatively investigate the 
factors influencing the adoption of precast concrete components (PCC) in Iran. They 
found that two environmental factors were critical: competitive pressure where the 
trend to adopt PCC will accelerate once companies see their competitors succeeding 
and reaping benefits and government provides support through effective policies, 
regulations, and incentives [95].

4.1.7 Robotics

Two studies conducted by Pan and Pan [100, 101] identified key factors affect-
ing adoption such as relative advantage in terms of performance metrics like quality 
and productivity, top management support to strategize and invest, organizational 
readiness through financial resources and human talent, competitive pressure, and 
market demand. Their 2020 study further highlighted the importance of organiza-
tional factors such as top management support and readiness in the early stages of 
adoption. Meanwhile, technological and environmental factors such as compatibility 
and collaboration with trade partners, become more influential at later stages [100]. 
Another study by Cai et al. [90] provided 11 influential TOE factors for the successful 
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implementation of construction automation and robotics, including interdisciplinary 
cooperation and continuous feedback, communication among internal teams and 
external stakeholders, and strategy development to expand the use of robots across 
the organization. The study also noted that the increase in market demand for robots 
can attract technology providers to further develop use cases and in turn motivate the 
industry to increase adoption rates [90].

4.1.8 Wireless and sensing

Three studies used TOE to investigate the adoption of Radio Frequency 
Identification (RFID), intelligence surveillance systems, and intelligent asset man-
agement systems. The first study by Mabad et al. [64] surveyed 297 Information 
Technology (IT) staff in Australian construction firms to evaluate factors affecting 
RFID investment decisions using SME. The study found that relative advantage, com-
patibility, cost, firm size, top management support, government regulations, external 
support, and anticipated benefits are significant factors affecting RFID adoption. The 
study further derived practical implications and guidelines designed to help construc-
tion organizations adopt RFID like evaluating the compatibility of the organization’s 
IS infrastructure, promoting RFID and encouraging professionals to attend seminars, 
developing budgetary projections to address cost-effectiveness, procuring external 
consultancy for security concerns and facilitating trust, and identifying champions 
to lead and monitor RFID application and functionalities [64]. The second article by 
Lu and Deng [97] distributed questionnaires to 220 professionals in China to develop 
an acceptance model for intelligent surveillance systems in construction using TAM 
and TOE. The study found that the relevance of technology to job tasks, availability 
of training, availability of vendors and technical support, cost savings, government 
actions and incentives, technological support from vendors and IT, and privacy 
concerns are important factors affecting the acceptance of intelligent surveillance 
in the construction industry. Moreover, the study highlighted that such factors can 
help construction industry practitioners have a clearer understanding of the essential 
elements that affect the implementation of intelligent surveillance systems and guide 
organizations, governments, and technology developers to formulate strategies to 
promote the adoption of intelligent surveillance systems more effectively [97]. As for 
the third article, Attencia and Mattos [87] conducted interviews with 12 subject mat-
ter experts working on four construction projects within the energy infrastructure in 
Brazil to understand the factors affecting the adoption of intelligence asset manage-
ment systems including tracking, monitoring, pointing, and positioning systems. 
Results revealed that technological factors with the strongest evidence include 
benefits for decision-making, risk analysis, and information management. Among 
the organizational factors, the strongest evidence pertained to attitudes towards 
innovation and creativity, organizational size, and the ability to implement and 
optimize technology, as well as integration into existing processes. Additionally, the 
most evident environmental factor was the support provided by technology providers 
during the asset management phase [87].

4.1.9 3D printing

The TOE factors influencing the adoption of 3D printing were evaluated using sur-
veys, interviews, and literature reviews. The first study by Muylle [98] conducted in-
depth interviews with 10 construction firms and labs in the Netherlands and Belgium, 
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identifying 3D printing’s ability to integrate within current projects, durability, flexibil-
ity, and efficiency as major technological factors, management support, and resource 
availability as organizational factors, and market trends and government regulations 
and subsidies as environmental factors influencing adoption. Another investigation 
by Besklubova et al. [89] surveyed 82 global researchers and scholars to identify the 
factors that affect the adoption of 3D printing in construction. SEM showed that the top 
significant factors were compatibility with existing processes, ability to print materials 
that integrate with projects, complexity in operating and maintaining printers, and 
the industry’s need to simplify tasks and reduce transportation services and involved 
suppliers [89]. Moreover, Umar [102] conducted a systematic literature review of 
137 articles published between 2000 and 2019 on 3D printing in construction, which 
highlighted technology-related factors such as compatibility and integration with 
CAD software and IT hardware, organizational factors such as readiness, management 
support, commitment, training, and IT infrastructure, and environmental factors such 
as competitive pressure, expectations from the market tendency, business partners, and 
government support. The study also highlighted the importance of financial resources 
to cover the costs related to machines, labor, and material [102].

4.2 Decision-making factors

A total of 23 decision-making factors were extracted from the 22 TOE-relevant 
studies. The factors are listed and defined in Table 3. Each factor is also presented 
with a list of potential measures compiled comprehensively from the publications 
shown in Table 2.

Moreover, the heatmaps showing the distribution of the factors are presented 
in Figure 4. The first heatmap to the left shows the distribution by type of 
investigation—i.e., whether the factor was investigated directly or indirectly in 

Factor Definition Potential measures

Technology Compatibility The degree to which the 
technology is “consistent with the 
existing values, experiences, and 
needs of the company” [123].

• Compatibility with culture

• Compatibility with mission 
and vision

• Compatibility with existing 
workflows

• Compatibility with existing 
capabilities

Relative advantage The degree that technology 
“is seen as better than the 
idea, program, or product it is 
replacing company” [123].

• Better financial transactions 
and profit

• Better organizational network-
ing advantage

• Better organizational 
performance

• Better organizational 
capabilities

• Better individual capabilities

• Better project performance

• Better data management and 
security
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Factor Definition Potential measures

Complexity The degree to which it “is 
perceived as relatively difficult to 
understand or use” [123].

• Complexity of technology 
implementation including 
hardware and software

• Complexity of technology 
integration into existing 
workflows and capabilities

• Complexity of technology 
operation

Industry standards Set of policies, regulations, 
or best practices presenting 
a structured adoption and 
implementation plan for a 
technology [124].

• Availability of in-house 
standards

• Access to external standards

• Feasibility of developing 
standards if needed

Trialability The extent to which the 
technology “can be tried on a 
small scale before adoption, or 
experimented with on a limited 
basis company” [123].

• Scale of trialability

• Investment for piloting and/
or testing

• Level of risk and scalability

• Requirement for collaboration

Observability The extent to which the results of 
using the technology can provide 
tangible results that can be visible 
to other companies [123].

• Technology market share

• Availability of a community of 
practice

• Frequency of updates or 
version releases

• Industry recommendations

• Tangible proven benefits

Security and 
privacy

The measures and practices 
available to control access and 
protect information through 
authentication, authorization, 
accountability, data protection, 
disaster recovery, sharing, and the 
privacy of users [63].

• Robust against threats

• Robust against risks

• Robust against vulnerability

Organization Human resources The demographic variables and 
capabilities of the people within 
the organization [119, 125].

• Level of commitment

• Level of technical skills

• Level of digital literacy

• Percentage of turnover

Financial resources The monetary assets and capital 
available for investments and 
operations [126, 127].

• Availability of funds to invest 
in hardware and software

• Availability of funds to invest 
and continuously support 
training

• Availability of funds for systems 
and infrastructure updates

• Availability of funds for main-
tenance and operation cost

• Availability of funds for 
required skills if needed
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Factor Definition Potential measures

Change culture The shared values, beliefs, norms, 
and behaviors that shape the 
organization’s collective identity 
and guide the actions and 
interactions of its people [128].

• Vision and policies for 
innovation and continuous 
improvement

• Focus on research, development, 
and technology watch

• Models for information sharing 
and funding

• Momentum for digitization and 
modernization

Top management 
support

Active endorsement, involvement, 
and commitment of leadership in 
change efforts [63, 98, 125].

• Awareness and encouragement 
of technology

• Level of involvement and vis-
ibility into the process

• Willingness to allocate resources

• Availability of change manage-
ment platforms

Information systems The formal, sociotechnical, 
organizational system designed to 
collect, process, store, distribute, 
and interpret information in an 
organization [129].

• Level of training readiness

• Level of hardware readiness

• Level of software readiness

• Level of integration readiness

• Level of workflow readiness

• Availability of data standards

• Availability of protocol for 
unexpected events (risks, 
failures, conflicts)

Scale of operations The organization’s characteristics 
like size, age (i.e. legacy or not), 
origin, location, and the number 
of customers and projects [115, 127, 
130].

• Scalability across the 
organization

• Applicability across organization

• Relevancy across organization

Nature of projects The inherent characteristics and 
attributes of the projects that the 
organization works on [119].

• Scalability across project charac-
teristics (locations, size, types)

• Applicability across project 
complexities

Nature of workflows The inherent characteristics 
and requirements of tasks that 
the organization will use the 
technology in [131].

• Relevancy across project lifecycles 
or through project phases

Availability of 
training

The accessibility and provision of 
training opportunities to embed 
or enhance the required skills and 
knowledge [63, 132].

• Availability of in-house training 
programs

• Access to external training 
programs

• Need and availability of third-
party involvement if needed

• Frequency of training

• Modularity and delivery of 
training

• Requirements for training
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Factor Definition Potential measures

Type of contracts The type of contractual 
arrangements that the company 
utilizes with clients can enable or 
inhibit technology [133].

• Applicability across project 
delivery systems

• Applicability across project 
contracts

Environment Authorities and 
government 
influence

Role of governmental agencies 
and authorities in influencing the 
organization to adopt [91].

• Availability of incentives

• Availability of subsidies

• Availability of tangible support

• Availability of intangible 
support

• Availability of mandate

• Comprehensiveness of regula-
tions and legislation

• Extent of penalties

Competitive 
pressure

The pressure resulting from 
the practices of competitors 
and the need to outperform 
competition and achieve superior 
performance in the marketplace 
[30].

• Ability to improve 
performance

• Ability to grow in the market 
and expand in new ones

• Ability to customize services 
and offer new ones

• Ability to secure technology 
leads or early innovators

• Ability to grow customer base 
and clients

• Ability to recruit and retain 
talent

• Ability to enhance data-driven 
workflows

Push from supply 
chain players, 
stakeholders, and 
trade partners

Pressure exerted by external 
players to push the organization 
to adopt [106, 127].

• Extent of leverage gained from 
adoption

• Timing of investment

• Dependency of adoption on 
partners and supply chain

• Readiness of partners and 
supply chain

Market demand Capabilities to solve or assist 
the organization in addressing 
industry needs [13].

• Ability to address legacy 
challenges

• Ability to react to current trends

• Ability to pull towards future 
visions

Vendor access Access to solution and technology 
providers and the services they 
provide [64, 134].

• Requirement for customer 
support and vendor service

• Availability of customer sup-
port and vendor service

• Access to customer support 
and vendor service

• Type of customer support and 
vendor service
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the reviewed publication. The darker the color, the higher the frequency of the 
investigation type for the factor. The second heatmap in the middle shows the dis-
tribution by technology. The darker the color, the higher the frequency of occur-
rence of the factor in the papers that targeted that technology. The third heatmap 
to the right shows the distribution by year of publication. The darker the color, the 

Factor Definition Potential measures

Social responsibility Commitment to act ethically, 
contribute positively to society, 
and promote sustainable 
practices [19].

• Incentive or requirement to 
reduce carbon footprint

• Incentive or requirement to 
lower emissions

• Incentive or requirement to 
adopt green practices

• Implementation of construc-
tion waste management

• Need to empower society

Table 3. 
Decision-making factors and potential measures.

Figure 4. 
Distribution of TOE decision-making factors (“n” represents the total number of papers for the investigated 
technology or year of publication).
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higher the frequency of occurrence of the factor in studies published in that year. 
The objective of the heatmaps is to illustrate the research trends discussed in the 
next section of the chapter.

5. Discussion

5.1 Technology decision-making factors

Starting with technology-related factors, relative advantage was the only technol-
ogy factor that was investigated at least once for every technology, followed by com-
plexity and compatibility which were investigated for every technology except cloud 
computing. The three factors were almost always investigated directly in research and 
maintained consistent or increased investigations between 2019 and 2022. In a tra-
ditional industry like construction, the domination of these three factors is expected 
because organizations are more likely to experiment with or adopt technologies 
that provide the maximum benefits and meet organizational needs with minimum 
complications and changes needed to the business model and organization infrastruc-
tures [135]. Similarly, technologies that can be highly reliable and functional with low 
maintenance requirements will be more attractive to organizations than complex ones 
that may become a burden on the business [136].

Two of the technology factors—Trialability and Observability—have a motivation 
component to them compared to the other factors which affect their investigation. 
Trialability was mostly investigated directly as it deals with a specific feature of the 
technology that allows users to pilot it or experiment with it on a limited scale, thus 
making it a dichotomous factor that is either available or not [137, 138]. Observability 
deals mostly with the technology’s reputation across the industry which explains it’s the 
nature of its indirect investigation, and it is only evident in research that relates to tech-
nologies that have been around long enough for the industry to develop a perception of 
them [137]. Industry standards is another factor that received attention but was mostly 
investigated indirectly. This reflects on one of the industry’s major issues—i.e. lack of 
standardization and calls for a more direct investigation into the factor [11, 139].

While security and privacy was only investigated for four technologies, it can be 
noticed that the factor had a relative increase over time and was investigated in all 
Blockchain studies. This factor is expected to gain even more momentum as more 
industry research and legal discussions are being tailored towards confidentiality, 
integrity, fraud, theft, risks when accessing common platforms, data ownership and 
governance, and security breaches [140–142]. This also becomes especially important 
with technologies that create, store, and share sensitive and private information like 
Blockchain which encompasses digital ledgers and financial transactions [143].

5.2 Organization decision-making factors

As for organization-related factors, human resources and top management support 
were investigated at least once for every technology and maintained consistent or 
increased investigations between 2019 and 2022. Financial resources was also a heavily 
investigated factor across all technologies except Big Data and was investigated in 
every study published in 2021 and 2022. The domination of these three factors is no 
surprise as organizational determinants like budgets, high cost of implementation, 
preference for short-term profits over long-term ROIs, labor shortage, scarcity of 
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skills and required talents, hesitancy to adopt, and need for management support and 
commitment remain major barriers facing technology adoption and slowing down the 
digital transformation of the fourth industrial revolution in construction [5, 144–146]. 
Moreover, organizations that strengthen human resources and financial investments 
can improve their technology’s output capacity and technological achievements [37]. 
In addition to the three discussed factors, the trend for information resources has also 
been increasing. This trend is expected to continue and gain more momentum due to 
the vital role information systems play in the organization’s response to internal and 
external changes [125]. Moreover, information systems enable the organization to 
effectively manage and utilize the information generated by the new technology and 
integrate it with the existing information from people, machinery, equipment, tools, 
materials, and projects [125, 147].

Another notable notice is change culture being a common factor that was exten-
sively investigated. Several studies regarding innovation have highlighted the 
importance of organizational culture and the role it plays in successfully selecting and 
implementing technologies; such a culture should promote openness, adaptability, 
and receptiveness to change, foster a supportive and innovative environment, and 
create a culture that embraces change within the organization by incentivizing and 
supporting new technology efforts, building multidisciplinary teams, celebrating 
progress, and addressing resistance and concerns [148–150]. Innovation should also 
be fostered in the organization’s core beliefs, behaviors, and practices such as active 
innovation champions, innovation training, technology watch, and knowledge 
management [150, 151].

While the focus on the availability of training has been low, it remains an important 
factor for the construction industry because of its low level of digitization and high 
tendency to resist change [13]. More investigations should target this since training 
can instruct employees, reduce anxiety and stress, provide motivation and a better 
understanding of benefits, reduce ambiguity, improve the perceived ease of use and 
usefulness, and open the door for improvements [63, 132]. As for scale of operations, 
nature of projects, nature of workflows, and type of contracts, these four factors are more 
customized to the construction industry’s unique nature and business-as-usual ways. 
While the factors appear occasionally in research, the low investigation of type of 
contracts reflects on the continued domination of traditional project delivery methods 
in the construction industry and the rising need to adopt technology and digitize 
processes across all types of contracts used in the organizations’ projects [152, 153].

5.3 Environment decision-making factors

Regarding environment-related factors, authorities and government influence, 
competitive pressure, and push from external partners were investigated at least once for 
every technology, almost always investigated directly, and maintained consistent or 
increased investigations between 2019 and 2022. The construction industry is gener-
ally considered to be competitive as firms compete over contracts and projects. As 
such, the pressure resulting from the practices of competitors and the need to gain 
competitive advantage can drive firms to change their business-as-usual mindset 
and innovate and adopt technologies that can “alter the rules of the competition and 
change the competitive playing field” [100, 106, 154]. At the same time, despite the 
competitive nature, most projects require collaborations between multiple firms with 
different areas of expertise, which in turn creates an incentive to adopt technology—
pressure from owners, push from clients, incentives by consultants, pressure from 
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trading partners across the supply chain, and project stakeholders adopting a certain 
technology can all push organizations to adopt [106, 127]. As for the government’s 
roles, governmental agencies and authorities can affect the diffusion of technologies 
by passing rules, policies, and regulations, as well as providing incentives and oppor-
tunities to create a perception of the values associated with the technology [91, 106].

A drop in the investigation of market demand can also be witnessed—i.e., the 
factor that reflects the technologies’ capabilities to solve or assist the industry in 
tackling major hurdles such as labor shortages, project overruns, and low productiv-
ity. In contrast, an increase is witnessed in the investigation of vendor access—i.e., the 
factor that reflects access to technology providers and the services that they offer. 
The trends of the two factors reflect the shift in the industry’s perception regarding 
technology, where it is no longer “nice to have” but rather a “must” and a “necessity” 
for success [155]. Thus, while market demand can still accelerate technology adop-
tion, it becomes less of a primary driver because the industry acknowledges the need 
for digitization [5, 156]. This also shifts the focus towards technology and solution 
providers who facilitate and expedite the adoption of technologies in organizations 
and provide them with licenses, partnering arrangements, software updates, and 
track records to prove the value of their technology [64, 134].

On another note, social responsibility was the only environment-related factor that 
was under-researched and mostly investigated indirectly. However, construction orga-
nizations and construction projects serve diverse communities and thus, may “either 
feel a voluntary obligation to a society based on social expectations, norms, and codes 
of conduct”, or be “placed in situations where they cannot ignore the social community 
due to rising public pressures” and growing need for sustainable and green construc-
tion [127, 157]. Moreover, more research is providing evidence of digitalization’s ability 
to enable better eco-friendly performance [158], by investigating how investment 
behavior is affected by an organization’s social performance and responsibilities [159], 
and bringing organizations closer to their communities [19, 160]. As such, the social 
responsibility factor remains relevant and requires increased attention in research.

6. TOE factors and the path towards Construction 5.0

As industries switch from the technology-driven Industry 4.0 transformation to a 
value-driven Industry 5.0 transformation, organizations need to repurpose or readjust 
their journey to align with the core values of Industry 5.0 [161]. The three core values 
of Industry 5.0 include a human-centric approach that prioritizes humans and the use 
technology to support people, sustainability that respects planetary boundaries to 
meet today’s needs without compromising those of future generations, and resilience 
achieved through the development of a higher degree of robustness [162]. These core 
values are interrelated with the concept of Society 5.0, which seeks to create a human-
centric, knowledge-intensive, and data-driven society that seamlessly integrate the 
cyberspace with physical space while balancing economic development with resolving 
societal and environmental issues [162, 163]. Consequently, the shared challenges 
and opportunities of Industry 5.0 and Society 5.0 will manifest in different aspects, 
including human-cyber physical systems, human digital twin, greentelligent manu-
facturing, human-robot collaboration, as well as future jobs and future workers [164].

Thus, the technological, organizational, and environmental decision-making 
factors discussed in this chapter will remain pivotal for the construction industry as it 
transitions to Industry 5.0, or Construction 5.0. Decision-making in Construction 5.0 



Industry 4.0 Transformation towards Industry 5.0 Paradigm – Challenges, Opportunities…

68

will aim to integrate human-centric, resilient, and sustainable approaches into existing 
industry processes including design, construction, delivery, and supply chain [165]. 
Accordingly, the 5.0 transformation will continue to be influenced by culture, leader-
ship, collaboration, cooperation, workers expertise, technology infrastructure, as well 
the organizational context in terms of size, core business, and project types [16].

Moreover, the Industry 5.0 core values focus on the use of advanced technol-
ogy to empower—rather than replace—people across industries [162]. As such, 
Construction 5.0 will emphasize the importance of human involvement and the value 
of human input by “prioritizing human needs and interests as the foundation of the 
construction process”, and “ensuring that technological advancements align with 
human wellbeing and sustainability goals” [166]. A notable example is the proper use 
of the TOE factors discussed in this chapter to strengthen the adoption of robotics in 
the Construction 5.0 era and increase safety, efficiency, and quality resulting from the 
“intuitive interactions between robots and humans within the complex construction 
environments” [24].

7. Conclusion

This research aimed to develop and provide a comprehensive list of decision-mak-
ing factors for technology adoption in the construction industry. The Technology-
Organization-Environment (TOE) framework was utilized to perform a systematic 
literature review and examine the existing work on the adoption of Construction 
4.0 technologies. A total of 22 TOE-relevant studies were retrieved from the Web of 
Science database to extract the decision-making factors, all published between 2019 
and 2022. The reviewed papers used different quantitative and qualitative approaches 
to investigate the TOE factors affecting the adoption of nine Construction 4.0 tech-
nologies including artificial intelligence, augmented reality and virtual reality, big 
data, blockchain, cloud computing, precast, robotics, wireless and sensing technolo-
gies, and 3D printing.

The review of the studies resulted in a comprehensive list of 23 decision-making 
factors, alongside 97 potential measures for the factors extracted from the relevant 
publications and 19 other related studies. Of the 23 decision-making factors, seven 
were technology factors, 10 were organization factors, and six were environment 
factors. Compatibility, relative advantage, and complexity were the most evident 
technology factors which construction organizations considered when selecting a 
technology, as found in the literature synthesis. Additionally, trends depicted in the 
developed heatmaps showed that security and privacy was gaining more momentum. 
As for organization factors, human and financial resources were heavily investigated, 
and significant attention was given for change culture and top management support. 
It was also noticed that some factors were construction industry exclusive such as 
nature of projects and nature of workflows. Regarding environment factors, govern-
ment incentives and competitive pressure were the most investigated factors, while 
social responsibility was the least investigated.

The study is twofold as of value for both researchers and practitioners. First, 
the comprehensive list of decision-making factors introduced in this chapter can 
be used to develop decision-making tools, methods, and/or frameworks regarding 
technology adoption in construction. Second, the revision provided in this chapter 
provides a centralized resource for decision-makers to pinpoint the existing work in 
understanding the existing work in the decision-making technology field. Third, the 
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research trends discussed in this chapter can lay the foundation for future work and 
eliminate reduces as they highlight the factors that have been heavily investigated, the 
factors that are gaining momentum, and the factors that need more attention. The 
chapter also comes with certain limitations. The identified papers from the systematic 
literature review are English-only publications from one research database (i.e., Web 
of Science). Moreover, the scope of the chapter focused only on determining the 
decision-making factors without any attempts to evaluate, provide weights, compare, 
and quantify the factors, or quantitatively compare the impact of those factors on 
the decision-making process. This opens the door for further studies that can build 
on this work by conducting quantitative analysis that can evaluate the impact of the 
factors on the decision-making process in the construction industry.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 4

Perspective Chapter:
Transportation 5.0 – From
Cyber-Physical Transportation
Systems to Cyber-Physical-Social
Transportation Systems
Zhitao Ma, Shizi Ma and Sheng Wang

Abstract

This chapter describes the Transportation 5.0 paradigm, providing ideas for the
transformation of the transportation industry from Industry 4.0 to Industry 5.0.
Transportation 5.0 is based on parallel intelligence (PI) as the theoretical foundation,
with artistic societies-computational experiences-parallel execution (ACP) as the
basic method, and cyber-physical-social transportation systems (CPSTS) as the
framework, enabling the transportation system to smoothly transition to an ethical,
responsible, and sustainable intelligent transportation paradigm. Firstly, the CPSTS
framework was proposed, and the theories followed and goals pursued by Transpor-
tation 5.0 were explored. The social nature of intelligent transportation systems was
explained. Furthermore, key supporting technologies for Transportation 5.0, includ-
ing a series of enabling technologies for parallel transportation robots, were provided.
Then, the application of Transportation 5.0 in the fields of transportation was dem-
onstrated. At the same time, the challenges and potential research directions of
Transportation 5.0 were explored.

Keywords: Industry 5.0, Transportation 5.0, cyber-physical-social systems,
intelligent transportation, parallel intelligence

1. Introduction

The proposal of Transportation 5.0 can be traced back to 2017 or even earlier [1],
and it is worth noting that it is still 3 years since the European Commission proposed
“Industrial 5.0” in September 2020. However, with the continuous development of
the Transportation 5.0 paradigm, we have found that the Transportation 5.0 paradigm
and the Industrial 5.0 paradigm are similar in many aspects [2]. Therefore, we can
further develop Transportation 5.0 as the transportation paradigm of the Industrial
5.0 era. Therefore, based on Dr. Wang’s research, this chapter further redefines
Transportation 5.0 from four perspectives: its objectives, theoretical basis, basic
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methods, and framework, in order to make it more in line with the development
requirements of Industry 5.0.

Dr. Wang was the first to introduce CPSS into the Transportation 5.0 paradigm
and pointed out that the transportation system is using methods such as ACP and PI
theory to present a sustainable and social-centric trend [3]. Meanwhile, in the context
of Industry 5.0, travel, as a major application scenario in transportation systems, also
has a sustainable trend [4]. Furthermore, it is undeniable that communication tech-
nology, as the fundamental technology applied to Transportation 5.0, should also be
given special attention to how to make communication in the Transportation 5.0
paradigm more sustainable [5, 6]. Furthermore, a comparison of existing studies on
Transportation 5.0 is presented in Table 1.

Transportation systems can be divided into four main categories: road vehicles,
railways, aviation, and ocean transportation. It is worth noting that in the United
States, highway transportation uses approximately 84% of all transportation energy.
Therefore, due to space limitations, this chapter focuses on the Transportation 5.0
framework based on unmanned vehicles and drones, which does not deny the irre-
placeable role of railway and ocean transportation in transportation systems. The
current transportation system consists of many subsystems, which may lead to the
collapse of the entire system if all subsystems are embedded into the system for
operation, or if there is disharmony between subsystems. For example, early research
on vehicle route planning (VRP) focused on the efficiency and economy of transpor-
tation systems [7]. However, environmentalists are more concerned about the sus-
tainability of transportation systems [8] and the final routes provided by the two
systems can be said to run counter to each other.

The transportation system is a social and technological system composed of trans-
portation infrastructure (highways, railways, stations, parking lots, etc.), vehicles, and
humans. Therefore, it is necessary to introduce technical ethics into Transportation 5.0.
In addition, the uncertainty and complexity of the transportation system caused by
human activities and social operations also need to be considered in the Transportation
5.0 paradigm. Industry 5.0 puts forward requirements for the elasticity, sustainability,
and people-oriented nature of industrial systems [9]. The Cyber-Physical System CPS
framework, as the core technology of Industry 4.0, focuses on how to use technological
means to deeply integrate physical space and cyberspace, while neglecting the people-
oriented nature of technology. Prior to the proposal of Industry 5.0, relevant researchers
had conducted a preliminary exploration of the people-oriented approach.

In order to meet the requirement of “people-oriented”, the concept of “Cognitive”
was introduced based on the CPS framework, and the cognitive cyber-physical

Reference Sustainable Society-centered Communication Vehicle manufacturing

[1] Y Y N N

[2] Y Y N N

[3] Y Y N N

[4] Y N N N

[5] Y N Y N

[6] N Y Y N

Table 1.
Comparison of research on Transportation 5.0 (Y: yes, N: no).
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system (C-CPS) was proposed, aiming to make the framework meet the requirements
of the Human Rights Council [10, 11]. In addition, another framework is human
cyber-physical systems (HCPS) or cyber-physical human systems (CPHS), which
attempts to introduce the concept of “Human” into CPS and establish a people-oriented
CPS framework [12, 13]. Another similar framework is Cyber-physical-social systems
(CPSS), which is also proposed for human-machine symbiotic systems, aiming to study
the impact of human and social factors on large-scale complex systems [14]. Although
the above three frameworks have a certain degree of application in different fields, in
existing research, the main application fields of C-CPS and CPHS still remain in indus-
trial fields such as factories, production lines, and manufacturing [10–13], rather than in
the transportation field where human beings are highly involved. The “social system” in
CPSS better reflects the impact of the entire human society on the system.

Therefore, in order to reasonably present the impact of the entire human society on
the transportation system, this chapter selects CPSS as the framework and proposes
cyber-physical-social transportation systems (CPSTS) based on CPSS, providing an over-
all overview of Transportation 5.0. Summarize and provide eight aspects that the trans-
portation system should focus on under the Transportation 5.0 paradigm, namely
efficiency, reliability, sustainability, service, social equity, economic benefits, and fulfill-
ing ethics and responsibilities. Based on the theory of parallel intelligence, a transporta-
tion system based on unmanned vehicles and multimodal transportation modes was
designed, which further demonstrates how CPSTS operates using advanced sensing,
communication, and automation equipment. Furthermore, the main application scenar-
ios of CPSTS are presented, based on the transportation scenarios of connected auto-
mated vehicle (CAV) and unmanned aerial vehicle (UAV). In addition, some other
technologies and systems related to the Transportation 5.0 paradigm have been described.

2. Framework of Transportation 5.0

According to the smart park logistics system and power grid inspection system
established based on CPSS [9, 15], this chapter establishes a Transportation 5.0 para-
digm based on parallel intelligence (PI) theory, ACP as the basic method, and CPSTS

Figure 1.
Overview of Transportation 5.0.
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as the framework. Figure 1 shows the overall overview of the Industry 5.0 paradigm.
As previously mentioned, CPSS, as a variant of CPS, aims to introduce “social system”

into CPS. PI theory is a theory about systems science that mainly studies and describes
the interaction and collaborative behavior of various components in complex systems.

The definition of PI theory is as follows:
Definition 1: Each subsystem in a complex large-scale system is interdependent and

can interact with each other in real time. When the system is running, each subsystem
runs simultaneously and does not follow a linear time series.

The core concept of PI theory is parallelism, that is, parallel operation and parallel
interaction. Parallel operation refers to the ability of various parts of a system to
operate and process information simultaneously, without the need to follow a strict
sequence. Parallel interaction refers to the interaction and interaction between various
components in a system, forming a common whole that can significantly improve the
efficiency and stability of the system.

The ACP method is a method used to study complex large-scale systems. This
method combines parallel computing techniques in computer simulation and PI the-
ory to simulate and analyze large-scale complex systems through parallel execution
and computational experiments. The ACP method first constructs an artificial system
that maps the entire physical social world to the cyber world. Furthermore, a series of
computational experiments were designed and executed to simulate and analyze the
behavior and dynamic changes of large-scale complex systems. Finally, through
advanced internet technology, real-time transmission of experimental results from the
artificial world to the real world for parallel operation.

2.1 Cyber-physical-social transportation system framework

Figure 2 shows the framework of CPSTS. CPSTS consists of three systems: social
system, physical system, and artificial system. The software transportation robot
(shown in Figure 2 as a software vehicle) serves as the carrier of CPSTS and is
responsible for performing artificial system design-related experiments and transmit-
ting the experimental results in real-time to the real world. To ensure the availability
of experimental results, it is necessary to ensure the accuracy and reliability of the

Figure 2.
Framework of cyber-physical-social transportation systems.

86

Industry 4.0 Transformation towards Industry 5.0 Paradigm – Challenges, Opportunities…



relevant scene models in the scene library. This requires real-time, comprehensive,
and accurate modeling of the entire transportation system. The data in the
database includes traffic flow, average speed, vehicle type, crowd density, and other
traffic data.

2.2 Evaluation indicators of CPSTS

The eight areas that the transportation system should focus on under the Trans-
portation 5.0 paradigm are efficiency, reliability, sustainability, service, social equity,
economic benefits, and fulfilling ethics and responsibilities [16, 17].

2.2.1 Efficiency and reliability of CPSTS

The CPSTS will use advanced sensing devices to transmit relevant data in real-time
to artificial systems, monitoring traffic flow, road conditions, and traffic signals.
Therefore, the efficiency of CPSTS under the Transportation 5.0 paradigm can be
optimized by utilizing perception technology, real-time data, and intelligent algo-
rithms for traffic management. In addition, CPSTS can provide personalized traffic
navigation and route optimization functions for humans, improve the efficiency and
convenience of public transportation, and reduce accidents and malfunctions. CPSTS
has the ability to operate stably in different situations and provide accurate and
reliable traffic information and services, with robust reliability. Therefore, CPSTS
needs to have strong data collection and processing capabilities, redundant
backup capabilities for multi-source data, real-time monitoring, and fault detection
capabilities. It is worth pointing out that the disaster recovery speed and emergency
response speed of the transportation system are also indicators for evaluating the
reliability of CPSTS.

2.2.2 Service level and sustainability of CPSTS

CPSTS aims to provide users with higher service quality and satisfaction, thereby
improving the service level of the system. More specifically, CPSTS can provide more
timely services, both in logistics and transportation, while ensuring the safety of passen-
gers, goods, and vehicles. On this basis, CPSTS can provide a comfortable and convenient
passenger experience, while ensuring service accessibility and coverage. The sustainabil-
ity of the transportation system can be reflected in several directions such as vehicle
development, infrastructure construction, and route planning. CPSTS uses energy-
efficient technologies and facilities to reduce energy consumption. For example, mea-
sures such as introducing new energy vehicles, improving the efficiency of vehicle power
systems, and improving traffic signal control systems can reduce vehicle exhaust pollu-
tion and energy consumption. In addition, CPSTS can reduce traffic demand and con-
gestion by optimizing the layout of transportation roads and urban design.

2.2.3 Social equity and economic benefits of CPSTS

CPSTS can ensure that all members of society have equal access to transportation
services and opportunities, without unfair impacts due to differences in personal
background, income level, or geographical location. CPSTS can ensure that transpor-
tation services are easily accessible to all populations, have wide coverage within the
city, and have reasonable and equal costs. Differentiated fare policies, it will not cause
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excessive pressure on economically disadvantaged populations. At the same time, the
design of CPSTS should take into account the needs of various groups of people,
including the elderly, disabled people, and other special groups. For example, setting
up accessible facilities, and providing convenient user interfaces and information
transmission methods to ensure that they have equal access to transportation services.
Furthermore, through technological means, the ineffective driving distance during
transportation can be reduced, thereby reducing transportation costs for enterprises
and ensuring their economic benefits.

2.2.4 The moral and social responsibilities that CPSTS needs to fulfill

CPSTS will better fulfill relevant ethical and social responsibilities, including (1)
data privacy and protection responsibilities. System operators should take necessary
security measures to protect user data from illegal acquisition, abuse, or leakage, and
comply with relevant data privacy laws and regulations. (2) Fairness and equal
responsibility, CPSTS should treat all users fairly during its operation, without dis-
crimination against any specific group, and ensure the fair distribution of transporta-
tion resources and services. (3) Safety and risk management responsibilities, CPSTS
should take necessary measures to prevent traffic accidents, and promptly handle and
report accident events to ensure the safety and reliability of the system.

3. Enabling technology of Transportation 5.0

3.1 Parallel transportation robots

Because the supporting theory of CPSTS is the PI theory, parallel transportation
robots are considered carriers of the Traffic 5.0 paradigm. As previously mentioned,
this chapter focuses on CPSTS based on unmanned vehicles and drones. Therefore,
parallel robots can be specifically divided into two categories: parallel autonomous
vehicles and parallel UAVs. Eq. (1) shows the components of parallel transportation
robots.

Parallel Transportation Robot ¼
X

Physical Transportation Robot

þ
X

Software Transportation Robot

þ
X

Database of Scenarios

(1)

Parallel robots are a combination of physical robots, software robots, artificial
experimental systems, the Internet of Things, and databases. Parallel transportation
robots have added virtual control and parallel execution compared to ordinary
machine robots.

3.2 Vehicle road collaboration technology

With the development of technologies such as unmanned aerial vehicles (UAVs)
and intelligent connected vehicles (CAVs). It can be foreseen that in the future, clean
transportation vehicles such as CAVs and UAVs will be widely used in transportation
systems. Therefore, Figure 3 shows the cutting-edge technologies used in CPSTS
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based on CAVs and UAVs. CPSTS and its subsystems use a large number of sensors, so
networked sensor technology is important in 10 minutes. Networked sensor technol-
ogy provides guarantees for data collection and transmission throughout the entire
smart city. In this section, we will briefly introduce airborne sensors such as LiDAR,
millimeter wave radar, ultrasonic radar, and cameras. On this basis, we introduced
several technologies used in parallel transportation systems, including road side unit
(RSU) and cellular vehicle-to-everything (C-V2X) communication.

Airborne sensors: LiDAR obtains target status information in the environment,
including speed, distance, and other information, by transmitting and receiving laser
beam signals; millimeter wave radar determines the distance between vehicles and
targets by sending and receiving millimeter wave signals; ultrasonic radar is mainly
used to identify obstacles within a short distance range; cameras are mainly used for
pedestrian detection, signal lights, traffic sign recognition, and other work. It should
be pointed out that ultrasonic radar is susceptible to physical conditions such as
vehicle speed; millimeter microwave radar is more suitable for extreme weather
conditions (such as rain, snow, and dust), but it is not easy to penetrate obstacles.

Road side unit: as the carrier of DSRC technology, RUS provides a hardware
foundation for communication between roads and vehicles. During the working pro-
cess, RSU obtains relevant information about various traffic participants (including all
vehicles and pedestrians) and traffic signs through sensors such as radar and cameras
and then broadcasts information to all vehicles within its coverage through the vehi-
cle’s On-board unit (OBU). It mainly includes five types of messages: Road Side
Information (RSI), Basic Safety Message (BSM), Signal phase timing message (SPAT),
Road Safety Message (RSM), and Map Message (MAP). It should be pointed out that
in scenes with many obstacles, DSRC’s communication performance may decrease due
to the limitations of line-of-sight transmission technology.

C-V2X communication: as shown in Figure 1, C-V2X communication is mainly
divided into four categories: vehicle-to-pedestrian (V2P), vehicle-to-vehicle (V2V),

Figure 3.
Cutting-edge technologies used in CPSTS.
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vehicle-to-infrastructure (V2I), and vehicle to network (V2N). At present, many V2X
modules support the IEEE 802.11p standard DSRC and the 3GPP Release 14/15/16
standard C-V2X communication methods. During system operation, CAV and UAV
receive signals sent by the cloud platform through 4G/5G networks and use software
CAV/UAV to download algorithms on the built-in computer of the physical CAV/
UAV to control themselves. In addition, a 5G pan low-altitude private network can be
established through 5G base stations to solve the problems of airspace signal coverage
and private transmission, thus achieving UAV network connectivity. Through the
above technologies, CPSTS has the ability to connect and process data.

CAV/UAV intelligent perception: CAV intelligent perception refers to the percep-
tion of its own vehicle information, other vehicle information, and environmental
information around the vehicle through various sensors, including cameras, LiDAR,
gyroscopes, etc.; the intelligent perception of UAVs is also based on various sensors
such as LiDAR, in order to obtain UAV’s own state information, other UAV’s state
information, and surrounding environmental information. After the onboard sensors
obtain this information, they transmit it to the parallel transportation system through
the base station.

CAV/UAV automatic positioning: automatic positioning refers to the post-
processing of automatic perception results, in which the UAV or CAV determines its
accurate position relative to the external environment. In complex urban driving
scenarios, the geometric shape of the road requires that the accuracy error of CAV
positioning should not exceed 0.10 m and 0.17 deg. The current CAV/UAV position-
ing methods used include the Global Navigation Satellite System (GNSS), point cloud
map positioning (also known as visual SLAM positioning), radar and camera fusion
positioning, and vehicle networking positioning.

CAV/UAV automatic obstacle avoidance: the main purpose of CAV/UAV auto-
matic obstacle avoidance is to reduce the incidence of accidents during driving,
thereby avoiding losses to human society. It can be divided into the following two
categories. The first type is obstacle avoidance between CAV/UAV and static obstacles
such as buildings; The second type is CAV/UAV for obstacle avoidance against other
dynamic obstacles such as pedestrians and birds.

CAV traffic control: CAV traffic control is based on the information of all traffic
participants in complex scenes (such as intersections), and plans and controls all
vehicles in the scene through a manager. When a vehicle approaches an intersection, it
sends a vehicle status signal to the manager, who plans the driving route and speed for
all vehicles within the same time period at the intersection based on the urgency of the
task being performed by the vehicle (such as an ambulance).

CAV autonomous decision-making: during the CAV driving process, there are
many route options between two points. We have established a traction model and a
road damage model for CAVs to calculate the energy consumption required for each
CAV to travel on each road section and the damage caused to the road surface by each
CAV when passing through each road section. CAV will make independent decisions
based on the following indicators: energy consumption of CAV; CAV damage to the
road surface; real-time congestion situation of road sections; and the number of
pedestrians on the road section.

CAV trajectory planning: based on the global path of CAV, in parallel transporta-
tion systems, we also need to consider local path planning of CAV to provide the
complete driving trajectory of CAV. The local path planning of CAVs mainly includes
three parts: CAV autonomous obstacle avoidance, CAV traffic control, and CAV
autonomous decision-making.
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UAV trajectory planning: the main steps include mobilizing the software UAV
physical model in the database, mobilizing the algorithms in the algorithm library, and
planning the flight trajectory of the drone based on multi-objective functions to
minimize energy consumption during operation.

3.3 Energy conservation and emission reduction technology

In order to further improve the sustainability of parallel distribution systems, we
consider CPSTS consisting of various types of vehicles, including electric trucks,
hybrid trucks, and fuel trucks. Due to the need for charging during the use of electric
trucks and hybrid electric trucks, this provides opportunities for the use of renewable
energy technologies and further reduces the harm of CPTLS to the environment. We
adopt a solar power generation model and install solar panels in the warehouse (also
known as the distribution center) to power the vehicles and UAVs in CPSTS. The
specific schematic diagram is shown in Figure 4.

During the operation of the system, CPSTS determines the number of customers it
serves based on their emergency situation and the storage of solar panels installed in
the warehouse. If the electricity demand of existing customers’ vehicles exceeds the
amount of electricity stored in the solar panels, external power sources are connected
to charge the CAV and UAV. The top of the CAV is also equipped with solar panels,
which can provide some electricity to the UAV. When the UAV is not in service, it can
supply electricity, which to some extent extends the working hours of the UAV.

3.4 Intelligent vehicle design based on digital twins

At present, most sustainable solutions are based on vehicle control or vehicle path
selection, neglecting the impact on the overall transportation environment. However, as
connected autonomous electric vehicles are the main driving force of modern

Figure 4.
CPSTS power source schematic diagram.
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transportation systems, automakers are also reassessing the sustainability of their value
chains. Specifically, in terms of intelligent vehicle design, reference [18] aims to accu-
rately predict the production capacity of the production line by establishing a digital
twin system for the automotive production line. This work proposes a CPS system based
on Digital Twin (DT), which establishes a digital twin production line by analyzing the
operating process of the current car body production line. Reference [19] established a
digital twin system for body control in automotive manufacturing enterprises, aiming to
improve the development efficiency of CPS for automotive manufacturing. Based on
the above research, this chapter establishes a vehicle design framework based on PI
theory and parallel testing, as shown in Figure 5. On the other hand, the energy
conservation and emission reduction of intelligent vehicles in the design stage can also
be recovered from the vertical vibration process during vehicle movement, and
corresponding vertical vibration energy recovery systems can be designed. In addition,
hydrogen fuel cells and electric road systems also deserve further attention.

3.5 Simulation techniques for environmental and social impacts

The simulation and measurement technology of environmental and social impacts,
as an important technology in parallel distribution planning systems, distinguishes
CPS from CPSS and is the core of CPSTS. This technology is used in CPSTS to evaluate
the impact of the system on the environment, its harm to human society, and the
degree of wear and tear of the system on infrastructure. In addition, in the autono-
mous driving subsystem, this technology is also used for vehicle-pedestrian autono-
mous obstacle avoidance. In CPSTS, we calculate the environmental impact of the
entire system during operation by calculating the energy consumption and green-
house gas emissions of all CAVs and UAVs in the entire system. Among them, green-
house gas emissions include direct emissions from autonomous vehicles during
driving. In addition, the electricity generated by solar energy in CPSTS may not be
sufficient to power the entire system, so greenhouse gas emissions also include the

Figure 5.
A vehicle design framework based on PI theory and parallel testing.
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greenhouse gas emissions generated by the electricity obtained from external sources
(such as greenhouse gas emissions from thermal power generation). Furthermore, we
evaluate the impact of the overall system on society through the accident risk of
Occupational Safety and Health, CAV, and UAV, as well as the threat to pedestrians
posed by the system.

Social behavior modeling is a dynamic model of pedestrian behavior based on
“social forces” and elements such as pedestrian intentions, actions, and attributes.
This model is of great significance in predicting pedestrian trajectories during vehicle-
pedestrian obstacle avoidance. Among them, “social force” refers to the interaction
between pedestrians, pedestrians, and obstacles, that is, the impact on pedestrians in
the process of interacting with the environment. When predicting pedestrian trajec-
tories based on social behavior models, methods such as neural networks, adversarial
theory, and reinforcement learning are often used.

4. Application of Transportation 5.0 paradigm

The application of CPS in logistics systems has been described, and relevant
researchers have combined CPS technology with various aspects of the logistics system,
aiming to monitor the entire logistics system and assist relevant personnel in decision-
making [20]. The difference is that in the future, the demand for multimodal transpor-
tation in smart cities will continue to grow, so Transportation 5.0 will definitely adopt
multimodal transportation modes. Therefore, this chapter demonstrates the superiority
of multimodal transportation solutions in terms of logistics delivery time efficiency
compared to traditional VRP problems. This chapter selects a single-vehicle delivery
problem with 21 consumers (also known as customers) for case analysis. Considering
that one of the main application scenarios of CPSTS is for the last-mile delivery to cities,
the maximum speed of vehicles and the speed limit imposed by urban areas are taken
into account, and the driving speed of vehicles is set at 40 km/h; The flight speed of the
UAV is set at 80% of the maximum flight speed of the Horsefly drone, which is 16 m/s.
The specific solution results are shown in Figure 6.

In Figure 6(a) and (b) are the results of using swarm intelligence algorithms to
solve traditional VRP problems and joint delivery problems, respectively. The
simulation experiment results show that the CAV and UAV joint delivery scheme
designed in the chapter saves delivery time compared to the traditional VRP delivery
mode when the delivery customer points are the same. Figure 6(c) shows the results
of three-dimensional trajectory planning for delivery drones based on the I-GSO
algorithm.

Figure 6.
Comparison between multimodal transportation systems and traditional VRP.
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5. Conclusions

This chapter describes the paradigm of Transportation 5.0. Firstly, it describes the
basic framework of CPSTS, aiming to further highlight the people-oriented goal of
Transportation 5.0, thereby enabling the transportation system to smoothly transition
to an ethical, responsible, and sustainable intelligent transportation paradigm. In
addition, eight aspects of the transportation system under the Transportation 5.0
paradigm, including efficiency, reliability, sustainability, service, social equity, eco-
nomic benefits, and fulfilling ethics and responsibilities, are presented. In addition,
key enabling technologies for Transportation 5.0 have been provided, including par-
allel robot technology, vehicle road collaboration technology, energy conservation and
emission reduction technology, intelligent vehicle design based on digital twins, and
simulation and measurement technologies for environmental and social impacts.
Finally, the application of Transportation 5.0 in the logistics field was demonstrated.
Compared with existing work, this article provides a more comprehensive introduc-
tion to the Transportation 5.0 paradigm. However, there are still some shortcomings.
In the future research process, the focus will be on studying multimodal transporta-
tion systems that combine air transportation, ocean transportation, rail transporta-
tion, and road transportation, in order to provide ideas for the development of
Transportation 5.0.
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Abstract

The chapter “Nano and Society 5.0: Advancing the Human-Centric Revolution” 
delves into the profound implications of nanotechnology within the context of 
Society 5.0, a visionary concept that seeks to harmoniously merge technological 
progress with human-centric ideals. Society 5.0 envisions a world where technol-
ogy enhances life quality for individuals and society, with nanotechnology playing 
a crucial role in this transformation. This chapter explores the role of nanotechnol-
ogy in Society 5.0, highlighting its potential in personalized healthcare, real-time 
health monitoring, sustainability, and education. Nanotechnology enables precision 
medicine, enabling tailored treatments and diagnostics. It also revolutionizes energy 
generation, storage, and materials science, contributing to environmentally conscious 
construction practices. Nanotechnology-driven innovations address global challenges 
such as water purification and resource conservation. In education, nanotechnology 
inspires future generations, particularly in STEM disciplines, and supports accessible 
and inclusive learning environments. However, ethical considerations regarding 
privacy, equitable access, and responsible governance must be considered as nano-
technology becomes a central focus in this human-centric revolution. This chapter 
highlights the role of nanotechnology in shaping society toward a future where 
technology aligns with core values, demonstrating its potential to be a transformative 
force, propelling Society 5.0 into a new era of innovation, inclusivity, and human 
betterment.

Keywords: nanotechnology, Society 5.0, human-centric, STEM, nano revolution, 
nanomaterials, waste management, renewable energy, clean environment, clean water, 
nanosensors, health and well-being

1. Introduction

In the tapestry of societal evolution, the concept of Society 5.0 stands as a beacon, 
illuminating a path where technological progress converges with human values to 
amplify the well-being of individuals and propel societal advancement [1–3]. Unlike 
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its predecessors, Society 5.0 transcends mere industrial and technological growth, 
prioritizing the harmonious integration of cutting-edge innovations for the benefit of 
humanity. At its essence, Society 5.0 envisions a world where technology is not just a 
means to an end but a powerful force that elevates the human experience [4, 5].

At the heart of this transformative vision lies an unwavering commitment to 
human-centric principles. Society 5.0 places the well-being of individuals and the 
collective advancement of society at the forefront of its objectives. It strives for a 
seamless integration of technology into our daily lives, enhancing our capabilities, 
fostering inclusivity, and addressing societal challenges. In this epoch, the revolution 
is not merely technological; it is fundamentally human-centric [6–10].

Central to the realization of Society 5.0 is the catalytic role of nanotechnology. 
Operating at the infinitesimally small scale of atoms and molecules, nanotechnol-
ogy emerges as a key enabler, weaving intricate threads that connect technological 
prowess with the fundamental fabric of human needs. It is within the realm of 
nanotechnology that we discover the tools and mechanisms to unlock unprecedented 
possibilities, fundamentally altering the landscape of healthcare, sustainability, 
education, and beyond [11–13].

In recent reserchs, many researchers are attempting to use nanotechnology for 
illness diagnosis, treatment, and prevention since they are aware of the advantages of 
nanomedicine. For the upcoming generation of medical scientists, there are potential 
applications in the design of medical instruments and procedures [14]. A growing 
amount of commentary has been made about how STEM (science, technology, engi-
neering, and math) fields will be affected and how their roles in higher education will 
be redefined. This has included a thorough analysis of how university-industry part-
nerships will change as a result of each party adapting to the other’s expanded role [15].

Zero hunger, excellent health and wellbeing, affordable and clean energy, clean 
water and sanitation, ethical consumption and production, and climate action are all 
possible with the aid of nanotechnology [16].

In this chapter, we embark on a journey to explore the symbiotic relationship 
between nanotechnology and the aspirations of Society 5.0. As we navigate through 
the intricate web of nanoscale marvels, we unravel the ways in which this transforma-
tive technology becomes the lynchpin in advancing the human-centric revolution 
envisioned by Society 5.0. From personalized healthcare solutions to sustainable 
practices and inclusive education, nanotechnology emerges as a silent architect, 
shaping the contours of a future where technology is not just a means to progress but a 
conduit for a more humane and enlightened society.

1.1 Society 5.0

In the ever-evolving narrative of human civilization, each societal epoch marks a 
distinct chapter in our collective journey. As we stand at the precipice of a new era, 
the concept of Society 5.0 emerges as a compelling vision, transcending traditional 
paradigms of societal development. Society 5.0 envisions a future where the seamless 
integration of advanced technologies not only propels economic growth but, more 
fundamentally, serves as a catalyst for the enhancement of human well-being and 
societal advancement [1, 17, 18].

At its core, Society 5.0 is a response to the growing imperative to harmonize the 
unprecedented capabilities of technology with the innate needs and aspirations of 
humanity. Unlike previous industrial revolutions that primarily focused on economic 
and industrial progress, Society 5.0 represents a paradigm shift—a departure from 
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the mechanistic to the human-centric. The emphasis is on the holistic development 
of individuals and society, recognizing that technology’s true measure lies not in its 
sophistication but in its ability to enrich lives [19–27].

The focal point of Society 5.0 is a relentless commitment to human well-being. 
It envisions a society where technology, guided by ethical principles and a profound 
understanding of human needs, becomes a transformative force for good. From 
healthcare to education, from urban planning to environmental sustainability, the 
primary objective is to create a society that is not just technologically advanced but, 
more importantly, humanely advanced [28–33].

Society 5.0 perceives technology not as an end in itself but as a means to 
elevate the human experience. It envisions a society where technology acts as an 
empowering tool, fostering inclusivity, enhancing individual capabilities, and 
collectively addressing the most pressing challenges of our time. As we delve 
into the nuances of Society 5.0, we embark on a journey to understand how this 
vision unfolds, with a keen focus on the profound ways in which technology 
becomes a cornerstone for societal advancement and, ultimately, the well-being of 
humanity [34, 35].

Furthermore, Industry 5.0 employs a blend of technological advancements and 
organizational ideas to create and oversee supply chains and operations as robust, 
sustainable, and people-focused systems. Although the concept of Industry 5.0 has 
been clarified, nothing is known about how it will affect supply chains and future 
operations [36]. Despite the perception that Industry 4.0 will advance sustainable 
development, a number of pressing sustainability issues have been disregarded or 
misinterpreted by the movement, giving rise to the Industry 5.0 agenda. Although 
most people agree that Industry 5.0 has desired sustainability characteristics, 
little is known about how this agenda may actually bring about sustainable 
 transformation [37].

Moreover, the emergence of ChatGPT has marked a shift in the field of Artificial 
Intelligence from Algorithmic Intelligence to Linguistic Intelligence. In this new era, 
real-time and online interactions between humans and machines, as well as between 
genuine and artificial entities, are crucial and dynamic [38].

1.2 Nanotechnology overview: unveiling the world at the nanoscale

Nanotechnology, an intricate and revolutionary field, ushers us into a realm where 
the manipulation of matter occurs at the nanoscale. At its essence, nanotechnology 
is the science, engineering, and application of materials and devices with structures, 
properties, and performance characteristics that emerge at the scale of nanometers. A 
nanometer, denoted as one billionth of a meter, is a scale so minuscule that it ventures 
into the realm of individual atoms and molecules [39–42].

To put this into perspective, the diameter of a human hair is approximately 
80,000–100,000 nanometers. At the nanoscale, materials exhibit unique properties 
and behaviors that differ markedly from their macroscale counterparts. These proper-
ties stem from the quantum effects that dominate at such dimensions, providing a 
playground for innovation and exploration.

Nanotechnology encompasses a spectrum of applications, from nanomaterials to 
nanodevices, and it extends across various scientific disciplines, including physics, 
chemistry, biology, and engineering. The ability to engineer and manipulate materials 
at the atomic and molecular level grants unprecedented control over their proper-
ties. Researchers and engineers delve into this microscopic world with the aim of 
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harnessing its potential to revolutionize industries, from healthcare and electronics to 
energy and materials science [43–45].

In the chapters that follow, we embark on a journey into the world of nanotechnol-
ogy, exploring its fundamental principles, applications, and, most importantly, its 
transformative role within the paradigm of Society 5.0. As we navigate this intricate 
landscape [46–48], we uncover the promise and potential that nanotechnology holds 
in advancing the human-centric revolution using Artificial Intelligence (AI) [49], 
shaping a future where the infinitesimally small becomes the foundation for monu-
mental progress [50].

Figure 1 illustrates the structure of the paper and the title of the paper.

2. Methodology

This review paper utilizes a comprehensive analysis of existing literature to 
explore and synthesize key insights into the role of nanotechnology in advancing 
the principles of Society 5.0. The methodology involves a thorough examination of 
academic articles, books, and reports to extract relevant information on nanomateri-
als, nanoscale manufacturing techniques, educational applications, environmental 
sustainability, and ethical considerations.

A scoping review was conducted to identify and analyze scholarly works related to 
nanotechnology and its intersections with Society 5.0.

Information was extracted from the selected literature (the articles with relevance 
to Nanotechnology principles, applications, and their alignment with Society 5.0 
goals) focusing on key themes related to (Nanomaterials, Manufacturing Techniques, 
Green Revolution, Resource Efficiency, and Ethical Considerations).

The extracted data were then synthesized to provide a cohesive narrative on how 
nanotechnology aligns with the principles of Society 5.0. The synthesis includes 
case studies and discussions on the transformative potential, challenges, and future 
prospects of nanotechnology in fostering a human-centric technological revolution.

3.  Key principles and concepts in nanotechnology: unveiling 
nanomaterials and manufacturing techniques

Nanotechnology, operating at the scale of nanometers, introduces a myriad of 
principles and concepts that redefine the properties and behavior of materials. Two 
foundational aspects of nanotechnology are nanomaterials and nanoscale manufac-
turing techniques, each playing a pivotal role in the innovation and transformation 
this field promises [51–54].

Figure 1. 
The chapter approach.
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3.1 Nanomaterials

Nanomaterials represent the building blocks of nanotechnology. At the nanoscale, 
materials exhibit distinct properties due to quantum effects and increased surface-
to-volume ratios. Several types of nanomaterials exist, each offering unique 
characteristics:

• Nanoparticles: particles with dimensions in the nanometer range, often used 
for their enhanced reactivity and unique optical, electronic, or magnetic 
properties.

• Nanotubes and nanowires: cylindrical structures with diameters at the 
nanoscale, possessing exceptional strength and conductivity. Carbon nanotubes, 
for example, exhibit remarkable mechanical and electrical properties.

• Nanocomposites: materials composed of a combination of nanoscale con-
stituents, offering a synergistic combination of properties from different 
components.

• Nanocolloids: stable suspensions of nanoparticles in a liquid medium, used in 
various applications such as drug delivery and imaging.

Understanding and manipulating these nanomaterials is fundamental to unlock-
ing their potential in diverse fields, ranging from medicine to electronics.

3.2 Nanoscale manufacturing techniques

Nanoscale manufacturing techniques enable the precise design and assembly of 
nanomaterials into functional structures. Several key techniques have emerged to 
manipulate matter at the nanoscale [55–58]:

• Top-down approaches: involves reducing the size of larger structures to 
nanoscale dimensions. Techniques such as lithography use this method to etch or 
pattern materials at the nanoscale.

• Bottom-up approaches: assembling nanoscale structures from individual atoms 
or molecules. Self-assembly processes, like molecular nanotechnology, leverage 
this approach.

• Chemical vapor deposition (CVD): depositing thin films of material on a 
substrate, commonly used in the semiconductor industry to create nanoscale 
layers.

• Molecular beam epitaxy (MBE): precisely depositing individual atoms or mol-
ecules to create thin films with specific properties.

• Template-assisted methods: using templates or molds to guide the assembly 
of nanoscale structures. Electrospinning and nanoimprinting fall under this 
category.
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These manufacturing techniques empower scientists and engineers to sculpt 
materials with unparalleled precision, enabling the creation of nanodevices and 
nanosystems that form the backbone of innovations in Society 5.0.

In the sections ahead, we will delve deeper into the applications and implications 
of nanomaterials and manufacturing techniques, exploring how these fundamental 
principles contribute to the advancement of the human-centric revolution envisioned 
by Society 5.0.

4.  Nanotechnology as an educational catalyst in STEM disciplines: 
inspiring the next generation of innovators

Nanotechnology, with its capacity to unveil the mysteries of the nanoscale world, 
offers a powerful educational tool to captivate the minds of students and ignite their 
curiosity in STEM (Science, Technology, Engineering, and Mathematics) disciplines. 
By incorporating nanotechnology into educational curricula, educators can stimulate 
interest, foster critical thinking, and prepare the next generation of innovators for the 
challenges and opportunities of a technologically advanced future [59–62].

1. Tangibility and interactivity: nanotechnology provides a tangible and interactive 
platform for learning. Hands-on activities, experiments, and demonstrations 
involving nanoscale materials and devices allow students to directly engage with 
scientific concepts. This experiential learning approach not only deepens their 
understanding of complex STEM principles but also instills a sense of wonder 
and curiosity.

2. Multidisciplinary integration: nanotechnology inherently spans multiple scientific 
disciplines, seamlessly integrating concepts from physics, chemistry, biology, 
and engineering. This multidisciplinary nature mirrors the collaborative envi-
ronment prevalent in real-world STEM applications. Educators can leverage nan-
otechnology to break down traditional disciplinary silos and promote a holistic 
understanding of STEM subjects.

3. Real-world relevance: nanotechnology’s impact extends into various industries, 
from healthcare to electronics and materials science. By highlighting real-world 
applications, educators can demonstrate the practical relevance of STEM dis-
ciplines. This connection to tangible, real-world problems not only enhances 
students’ motivation but also illustrates how STEM knowledge can be harnessed 
to address global challenges.

4. Technological innovation and problem-solving: nanotechnology encourages a 
mindset of innovation and problem-solving. Students engaging with nanotech-
nology learn to think critically, creatively, and analytically. They develop the 
skills needed to tackle complex problems and design novel solutions, fostering an 
entrepreneurial spirit essential for the rapidly evolving landscape of technology 
and industry.

5. Career exploration and inspiration: integrating nanotechnology into STEM educa-
tion provides students with insights into potential career paths. Exposure to 
cutting-edge technologies and the impact of nanotechnology on various indus-
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tries can inspire students to pursue STEM-related careers. Guest lectures, indus-
try partnerships, and field trips to nanotechnology facilities further enhance the 
connection between classroom learning and future career possibilities.

6. Accessible learning materials: advancements in educational technology and online 
resources make nanotechnology accessible to a wide range of students. Vir-
tual labs, simulations, and online courses enable learners to explore nanoscale 
phenomena and experiments beyond the constraints of traditional classroom 
settings, fostering a more inclusive and flexible educational experience.

Incorporating nanotechnology into STEM education not only enhances the quality 
of learning but also cultivates a generation of STEM enthusiasts equipped with the 
skills and mindset needed to navigate the complexities of our technologically driven 
world. As we look toward the future, the educational integration of nanotechnology 
stands as a cornerstone in preparing students to contribute meaningfully to the ongo-
ing human-centric revolution in Society 5.0 [63, 64].

Nanotechnology, with its capacity to revolutionize how we perceive and interact 
with matter at the smallest scales, holds significant potential in promoting accessible 
and inclusive learning environments in STEM (Science, Technology, Engineering, 
and Mathematics) education. By leveraging the transformative potential of nanotech-
nology, we move closer to a future where equal opportunities for quality STEM educa-
tion are extended to every learner, fostering a diverse and empowered generation of 
individuals ready to contribute to the human-centric revolution in Society 5.0.

5.  Nanotechnology’s green revolution: advancing clean energy generation 
and storage

Nanotechnology stands at the forefront of a green revolution, driving innovations 
that hold the potential to transform how we generate and store clean energy. In the 
pursuit of sustainability goals, nanotechnology is catalyzing breakthroughs across 
various domains, ushering in a new era of efficiency, affordability, and environmental 
responsibility [65, 66].

Efficient solar energy harvesting: nanoscale photovoltaics: nanotechnology is enhanc-
ing the efficiency of solar cells through the development of advanced photovoltaic 
materials. Innovations like perovskite solar cells and quantum dot solar cells leverage 
nanoscale materials to capture and convert sunlight into electricity more effectively. 
This leads to higher energy yields and a reduced reliance on traditional, less sustain-
able energy sources.

Revolutionizing energy storage: nanomaterials in batteries: nanotechnology is 
transforming energy storage solutions, particularly in batteries. Nanomaterials, such 
as nanostructured electrodes and nanocomposite materials, enhance the capacity, 
charge/discharge rates, and lifespan of batteries. This innovation not only supports 
renewable energy integration but also contributes to the development of more 
efficient electric vehicles.

Smart grids and energy distribution: nanogrids and nanosensors: nanotechnology 
plays a role in the development of smart grids and energy distribution systems. 
Nanogrids, equipped with nanosensors, enable precise monitoring and control of 
energy distribution. This enhances grid stability, reduces energy losses, and accom-
modates the decentralized nature of renewable energy sources like solar and wind.



Industry 4.0 Transformation towards Industry 5.0 Paradigm – Challenges, Opportunities…

104

Efficient lighting solutions: nanophotonics for LEDs: nanotechnology is advancing 
lighting solutions through nanophotonics. Nanomaterials are integrated into Light 
Emitting Diodes (LEDs), resulting in more energy-efficient lighting with enhanced 
brightness and color control. This contributes to energy conservation and aligns with 
sustainability goals in the field of illumination.

Energy-efficient building materials: nanomaterials in construction: nanotechnology 
is influencing the development of energy-efficient building materials. Nanomaterials 
like aerogels and phase-change materials enhance insulation properties, regulating 
temperature and reducing the need for heating or cooling. This leads to more sustain-
able and energy-efficient buildings.

Clean fuel production: nanocatalysts for hydrogen production: nanocatalysts play 
a role in clean fuel production, particularly in hydrogen generation through water 
splitting. Nanotechnology enhances the efficiency of catalytic processes, making the 
production of clean fuels more viable and sustainable.

Environmental monitoring and remediation: nano-enabled environmental sensors: 
nanotechnology contributes to environmental sustainability by enabling the develop-
ment of nanoscale sensors for real-time environmental monitoring. These sensors can 
detect pollutants and facilitate targeted remediation efforts, ensuring a cleaner and 
healthier environment.

The integration of nanotechnology into clean energy generation and storage aligns 
with global sustainability goals, offering solutions that not only address current 
energy challenges but also contribute to the mitigation of environmental impacts. As 
nanotechnology continues to advance, it promises to play a pivotal role in achieving a 
more sustainable and eco-friendly energy landscape [67, 68].

6.  Nanomaterials: catalysts for resource efficiency and environmental 
sustainability

Nanomaterials, operating at the nanoscale, have emerged as pivotal agents in 
 revolutionizing resource efficiency and mitigating environmental impact. Their 
unique properties and applications span various industries, offering innovative 
solutions that align with the goals of sustainability. Here’s a closer look at the role of 
nanomaterials in advancing resource efficiency and reducing environmental impact 
[69–72]:

1. Water purification and desalination: nanofiltration membranes: nanoma-
terials, such as graphene oxide and carbon nanotubes, are integral to the 
 development of advanced nanofiltration membranes. These membranes 
exhibit superior filtration properties, enabling efficient removal of contami-
nants from water sources. Nanotechnology contributes to sustainable water 
 management by improving desalination processes and enhancing access to 
clean water.

Case study: graphene-based nanofiltration membranes: graphene-based nanofiltra-
tion membranes have shown remarkable efficiency in water purification pro-
cesses. In a case study, researchers developed membranes composed of graphene 
oxide to selectively filter out contaminants, including heavy metals and organic 
pollutants, from water sources. The high permeability and selective filtration 
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properties of these nanomaterial-based membranes contribute to sustainable 
water treatment practices.

2. Efficient energy harvesting and storage: nanomaterials in batteries and superca-
pacitors: nanotechnology enhances the performance of energy storage devices 
through the incorporation of nanomaterials in batteries and supercapacitors. 
Nanostructured electrodes and materials increase energy storage capacity, 
charge/discharge rates, and overall efficiency. This promotes the transition to 
clean and renewable energy sources while reducing reliance on traditional en-
ergy systems with higher environmental footprints.

Case study: nanomaterials in lithium-sulfur batteries: nanotechnology plays a 
crucial role in advancing sustainable energy storage solutions. In a case study, 
researchers applied nanomaterials, such as nanostructured sulfur composites, in 
lithium-sulfur batteries. This innovation enhances the energy storage capacity 
and cycling stability of the batteries, making them more efficient and sustain-
able for renewable energy storage applications.

3. Lightweight and high-strength materials: nanocomposites: nanomaterials contribute 
to the development of nanocomposites, which are lightweight yet possess high 
strength and durability. These materials find applications in industries such 
as automotive and aerospace, leading to the production of lighter vehicles and 
structures. The use of nanocomposites reduces the overall material consumption 
and enhances resource efficiency.

4. Waste management and recycling: nanomaterials for selective adsorption: nanomate-
rials, including nanoparticles and nanocomposites, can be designed for selective 
adsorption of pollutants and contaminants. This capability is utilized in waste 
management and recycling processes, allowing for the targeted removal of spe-
cific pollutants from waste streams. Nanotechnology aids in the creation of more 
efficient and environmentally friendly recycling methods.

Case study: nanomaterials for targeted pollutant removal in wastewater: nanotech-
nology is employed in waste management through the development of nano-
materials for targeted pollutant removal. In a case study, researchers utilized 
nanomaterials with high adsorption capacities to selectively capture specific 
pollutants from industrial wastewater. This approach enhances the efficiency 
of wastewater treatment processes, contributing to more sustainable and eco-
friendly waste management practices.

5. Enhanced agricultural practices: nanopesticides and nanofertilizers: nanomaterials 
play a role in agriculture by improving the efficiency of pesticides and fertiliz-
ers. Nanoformulations enable targeted delivery of agrochemicals, reducing the 
overall quantity required and minimizing environmental runoff. This precision 
in agricultural practices enhances resource efficiency and reduces the ecological 
impact of conventional farming.

Case study: nanofertilizers for crop yield improvement: nanotechnology contributes 
to sustainable agriculture through the development of nanofertilizers. In a case 
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study, researchers explored the use of nanomaterials to encapsulate and deliver 
nutrients to plants more efficiently. This nanotechnology-enabled approach en-
hances nutrient uptake by crops, reduces fertilizer runoff, and improves overall 
agricultural sustainability by optimizing resource use.

6. Air quality improvement: nanomaterials in catalysis: nanocatalysts contribute to air 
quality improvement through applications in catalytic converters. These cata-
lysts facilitate more efficient and complete combustion of pollutants in vehicle 
emissions, reducing the release of harmful substances into the atmosphere.

Case study: nanocatalysts in automobile catalytic converters: nanocatalysts are em-
ployed in catalytic converters to mitigate air pollution from vehicle emissions. In 
a case study, researchers developed nanocatalysts with enhanced surface areas 
and catalytic activities, leading to more efficient conversion of harmful pol-
lutants into less toxic substances. This nanotechnology application contributes 
to improved air quality and aligns with sustainable practices in the automotive 
industry.

7. Sustainable construction materials: nanomaterials in concrete: nanotechnology en-
hances the properties of construction materials like concrete. The incorporation 
of nanomaterials improves the strength, durability, and self-healing capabilities 
of concrete, leading to longer-lasting structures. This extension of material lifes-
pan contributes to resource efficiency in the construction industry.

Case study: nanomaterials in self-healing concrete: nanotechnology contributes 
to eco-friendly construction practices through the development of self-healing 
concrete. In a case study, nanomaterials, such as nanoparticles of calcium car-
bonate or other healing agents, were incorporated into the concrete mix. These 
nanoparticles react with water and carbon dioxide in the air, filling microcracks 
in the concrete and enhancing its durability. This innovation not only reduces 
the need for frequent maintenance and repairs but also extends the lifespan of 
structures, aligning with sustainability goals in the construction industry.

By harnessing the unique properties of nanomaterials, industries can optimize 
processes, reduce waste, and enhance the performance of various materials and 
systems. This, in turn, fosters resource efficiency and contributes to a more sustain-
able and environmentally friendly approach to manufacturing, agriculture, energy, 
and waste management. As nanotechnology continues to advance, its role in promot-
ing resource efficiency and reducing environmental impact will become increasingly 
pronounced [73, 74].

These case studies illustrate how nanotechnology applications are making sig-
nificant strides in promoting sustainability across diverse sectors. From water puri-
fication to construction materials and renewable energy storage, nanomaterials are 
proving to be instrumental in advancing eco-friendly practices and contributing to a 
more sustainable and resilient future (Table 1) [75, 76].

These case studies exemplify how nanotechnology applications align with the 
goals of Society 5.0, fostering a future where technology is harnessed for the benefit 
of individuals and society. From personalized healthcare to sustainable solutions and 
inclusive education, nanotechnology serves as a catalyst for positive societal transfor-
mation in alignment with the principles of Society 5.0.
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7. Analysis

At the nanoscale, nanomaterials unveil a realm of unique properties dictated 
by quantum effects. This intrinsic behavior becomes a linchpin in the harmonious 
merger of technological progress with human-centric ideals. Nanoparticles, nano-
tubes, and nanocomposites, acting as the fundamental building blocks, are diversi-
fied tools that can be precisely tailored for specific applications, from medicine to 
electronics. This diversity opens avenues for materials designed to enhance human 
well-being, exemplified by the use of nanocomposites in sustainable construction—a 
clear alignment with the principles of Society 5.0.

Application Case study

Precision 
medicine

Targeted drug 
delivery systems

In the field of oncology, nanotechnology has facilitated the 
development of targeted drug delivery systems. Nanoparticles 
are engineered to deliver chemotherapy directly to cancer cells, 
minimizing damage to healthy tissues. This precision medicine 
approach aligns with the Society 5.0 goal of personalized 
healthcare, enhancing treatment efficacy while reducing side 
effects.

Environmental 
sustainability

Nanomaterials for 
water purification

Nanotechnology plays a pivotal role in addressing water scarcity. 
Nanomaterials like graphene oxide and carbon nanotubes are 
employed in advanced filtration systems, removing contaminants 
at the molecular level. These nanotech solutions contribute to 
sustainable water management, aligning with Society 5.0’s focus 
on environmental stewardship and resource efficiency.

Smart energy 
solutions

Nanomaterials in 
solar cells

Nanotechnology enhances the efficiency of solar cells through the 
development of nanomaterial-based photovoltaics. Innovations 
like perovskite solar cells leverage nanoscale materials to capture 
and convert sunlight into electricity more effectively. This aligns 
with Society 5.0’s commitment to sustainable energy sources and 
smart technologies.

Inclusive 
education

Nanotechnology in 
educational tools

Nanotechnology is integrated into educational tools, making 
STEM subjects more accessible. For instance, nanoscale 
experiments conducted through virtual laboratories provide 
interactive and inclusive learning experiences. This aligns with 
Society 5.0’s goal of education for all, leveraging technology to 
create inclusive learning environments.

Health 
monitoring

Wearable 
nanosensors

Nanosensors embedded in wearable devices offer continuous 
health monitoring, providing real-time data on physiological 
parameters. These nanodevices empower individuals to take 
proactive measures for their well-being. This aligns with the 
Society 5.0 vision of personalized healthcare and emphasizes the 
role of technology in enhancing individual and community health.

Inclusive 
innovation

Nanotechnology in 
3D printing

Nanotechnology contributes to inclusive innovation through 
advancements in 3D printing. Nanomaterials enhance the 
precision and versatility of 3D-printed structures, making the 
technology more accessible for customized manufacturing, 
prosthetics, and affordable housing solutions. This aligns with 
Society 5.0’s commitment to technological inclusivity and diverse 
applications.

Table 1. 
Furthermore, some additional real-world case studies: nanotechnology applications enabling Society 5.0 goals.
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Nanoscale manufacturing techniques, including top-down and bottom-up 
approaches, provide unprecedented precision in designing and assembling nanoma-
terials. This precision is indispensable for crafting nanodevices, contributing substan-
tially to innovations in Society 5.0. It signifies that nanotechnology is not merely an 
advancement but a conduit to address societal challenges. For instance, the deploy-
ment of nanogrids and nanosensors in energy distribution embodies an application 
that ensures efficient and sustainable energy practices, reflecting the commitment to 
societal advancement and the enhancement of human life.

In the realm of education, nanotechnology brings forth tangible and interactive 
learning experiences, inviting students to directly engage with the nanoscale world. 
This hands-on approach aligns seamlessly with the human-centric vision of Society 
5.0, encouraging active participation in the learning process. The real-world relevance 
of nanotechnology in STEM education prepares students for the challenges of a tech-
nologically advanced future, ensuring that education is not merely knowledge-centric 
but also aligned with the skills essential for societal progress. The transformative 
potential of nanotechnology is further realized by revolutionizing learning materials, 
promoting accessibility, and inclusivity. By leveraging nanotechnology in educational 
tools, it extends the vision of equal opportunities for quality STEM education to every 
learner, fostering a diverse and empowered generation in line with the principles of 
Society 5.0.

In the domain of clean energy, nanotechnology-driven innovations address 
global sustainability goals by offering solutions that are efficient, affordable, and 
environmentally responsible. This alignment with the human-centric ideals of 
Society 5.0 signifies that technological progress contributes not only to societal 
well-being but also to environmental harmony. The deployment of nanotechnol-
ogy-enabled environmental sensors underscores a commitment to environmental 
responsibility, actively monitoring and remediating environmental issues—a testa-
ment to technology as a transformative force for good in alignment with Society 
5.0’s vision.

Nanomaterials, acting as catalysts for resource efficiency, play a pivotal role in 
optimizing processes, reducing waste, and enhancing the performance of various 
materials and systems. This resource efficiency contributes to a more sustainable 
approach to manufacturing, resonating with the goals of Society 5.0 to create a soci-
ety that is not only technologically advanced but also environmentally conscious. 
The diverse applications of nanomaterials, spanning water purification to light-
weight and high-strength materials, demonstrate their instrumental role in promot-
ing sustainability across different sectors—a testament to Society 5.0’s emphasis on 
using technology to address societal challenges and improve the quality of life for 
individuals.

These interconnected sections underscore how nanotechnology, with its 
 foundational principles and diverse applications, serves as a linchpin in advanc-
ing the human-centric revolution envisioned by Society 5.0. By seamlessly inte-
grating nanotechnology into various facets of society, from education to clean 
energy, the transformative potential of technology is harnessed for the benefit 
of individuals and society as a whole, aligning harmoniously with the core ideals 
of Society 5.0.

The concept of nanotechnology within the context of Society 5.0 is clearly illus-
trated in Figure 2, which shows the implications and their relationship with human-
centric approaches.
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8.  Navigating ethical considerations in nanotechnology: balancing 
progress with responsibility

Nanotechnology’s transformative potential brings forth a host of ethical 
 considerations that demand careful attention as we venture into this realm of inno-
vation. Addressing concerns related to privacy and equitable access to nanotech 
advancements is crucial to ensuring that the benefits of nanotechnology are ethically 
harnessed for the collective well-being of society [77–81].

1. Privacy concerns

• Nanoscale surveillance technologies: the precision of nanoscale sensors and 
devices raises concerns about the potential for intrusive surveillance. Tiny 
sensors capable of collecting highly detailed data may inadvertently encroach 
upon personal privacy. Striking a balance between leveraging nanotech-
nology for beneficial applications, such as in healthcare monitoring, and 
safeguarding individual privacy requires robust ethical frameworks and 
regulations.

• Data security and ownership: as nanotechnology generates vast amounts of 
data, questions surrounding data security and ownership come to the fore-
front. Ensuring that individuals have control over their personal data and that 
comprehensive security measures are in place is imperative. Ethical guidelines 

Figure 2. 
The concept of nanotechnology within the context of Society 5.0.
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should address the responsible handling, storage, and sharing of nanotech-
generated data to prevent unauthorized access and potential misuse.

2. Equitable access to nanotech advancements

• Technological disparities: there is a risk that nanotechnology advancements 
may exacerbate existing technological disparities, creating a divide between 
those who have access to cutting-edge nanotech applications and those who do 
not. Ensuring equitable distribution and access to nanotechnological benefits 
requires proactive efforts to bridge technological gaps, particularly in educa-
tion and resource allocation.

• Global equity: the global landscape introduces challenges related to interna-
tional equity. Developing nations may face barriers in adopting and benefiting 
from nanotechnology due to resource limitations or a lack of infrastructure. 
Ethical considerations should drive collaborative efforts to transfer technology 
responsibly, ensuring that the advantages of nanotechnology reach diverse 
populations globally.

3. Ethical guidelines and regulatory frameworks

• Transparent research practices: nanotechnology research should uphold trans-
parency in methodologies and outcomes. Ethical guidelines should emphasize 
the importance of clear communication about potential risks and benefits to 
stakeholders, fostering trust between the scientific community, policymakers, 
and the public.

• Community engagement: inclusive decision-making processes and community 
engagement are essential for navigating the ethical terrain of nanotechnology. 
Ensuring that diverse voices are heard helps in identifying potential ethical 
concerns and tailoring solutions that reflect the values and perspectives of the 
communities affected by nanotech advancements.

4. Responsive regulations: regulatory frameworks must evolve to keep pace with 
nanotechnological advancements. Adaptable regulations should strike a 
balance between fostering innovation and safeguarding ethical principles. 
Regular assessments and updates to regulations will be crucial in addressing 
unforeseen ethical challenges that may arise as nanotechnology continues to 
progress.

In the pursuit of a responsible and ethical integration of nanotechnology into 
society, stakeholders from scientific communities, regulatory bodies, and the 
public must collaboratively design and implement frameworks that ensure privacy 
is protected, access is equitable, and the potential benefits of nanotechnology 
are realized without compromising ethical values. By doing so, we can harness 
the potential of nanotechnology to contribute positively to Society 5.0 while 
upholding ethical standards that respect individual rights and promote societal 
well-being [82, 83].
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9.  Upholding responsibility in nanotechnology: navigating research, 
development, and governance in Society 5.0

As nanotechnology unfolds as a driving force in the transition to Society 5.0, the 
principles of responsible research, development, and governance become paramount. 
This nascent field’s transformative potential requires a conscientious approach to 
ensure that its benefits align with the human-centric vision of Society 5.0 while 
mitigating potential risks and ethical concerns [84–88].

1. Responsible research

• Nanosafety and risk assessment: responsible research in nanotechnology 
 necessitates a rigorous commitment to nanosafety and risk assessment. 
Understanding the potential environmental and health impacts of nanomateri-
als is crucial. Researchers must adopt comprehensive safety protocols, consid-
ering the unique characteristics of nanoscale materials, to prevent unintended 
consequences and ensure the well-being of both humans and ecosystems.

• Open collaboration and knowledge sharing: encouraging open collaboration 
and knowledge sharing is essential for responsible nanotechnology research. 
Embracing a culture of transparency promotes collective learning, helps iden-
tify potential risks early in the research phase, and facilitates the development 
of ethical guidelines that govern nanotechnology applications.

2. Responsible development

• Ethical design and application: in the development phase, responsible practices 
involve integrating ethical considerations into the design and application of 
nanotechnological solutions. Thoughtful design choices, considering societal 
impacts and potential unintended consequences, contribute to the develop-
ment of technologies that align with the principles of Society 5.0.

• Inclusive innovation: responsible development requires an inclusive approach 
to innovation. Ensuring that the benefits of nanotechnology are accessible 
to diverse populations promotes societal equity. This inclusivity extends to 
addressing the needs of marginalized communities and fostering solutions that 
enhance overall well-being.

3. Responsible governance

• Regulatory frameworks and compliance: governance plays a pivotal role in ensuring 
responsible nanotechnology deployment. Establishing and enforcing regulatory 
frameworks that oversee nanotechnology applications is critical. Regulatory bod-
ies should adapt swiftly to technological advancements, maintaining a balance 
between fostering innovation and safeguarding against potential risks.

• International collaboration and standards: given the global nature of nanotech-
nology, responsible governance involves international collaboration and the 
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development of shared standards. Collaborative efforts facilitate the exchange 
of best practices, address regulatory gaps, and ensure a harmonized approach 
to responsible nanotechnology development on the global stage.

• Public engagement and ethical discourse: incorporating public engagement and 
ethical discourse into governance processes is vital. Public input helps shape 
policies that reflect societal values, and ethical discussions provide a platform 
for diverse perspectives to be considered. This transparency fosters a sense of 
trust and accountability in the governance of nanotechnology.

4. Ethical and societal impact assessments

• Assessing ethical implications: integrating ethical and societal impact assess-
ments into the research and development lifecycle is integral to responsible 
governance. These assessments help identify potential ethical challenges, 
unintended consequences, and societal implications, enabling informed 
decision-making and course corrections where necessary.

• As Society 5.0 unfolds, the responsible integration of nanotechnology becomes 
a cornerstone for shaping a future where technological progress harmonizes 
with human values. By prioritizing responsible research, development, and 
governance, stakeholders can navigate the complex landscape of nanotechnol-
ogy in a manner that upholds ethical standards, aligns with the human-centric 
vision of Society 5.0, and ensures the long-term well-being of individuals and 
society as a whole [89–91].

10.  The future nexus: nanotechnology and the human-centric revolution 
of Society 5.0

As we peer into the future, the trajectory of nanotechnology unfolds as a linchpin 
in the realization of Society 5.0’s human-centric revolution. The transformative 
potential of nanotechnology is poised to propel advancements that will reshape the 
way we live, work, and interact with the world, further aligning with the principles 
set forth by Society 5.0 [92–94].

• Enhanced healthcare paradigms: nanomedicine and personalized therapies: nano-
technology is poised to revolutionize healthcare with personalized and targeted 
treatments. Nanoscale drug delivery systems, precise diagnostics, and therapeu-
tic interventions tailored to individual genetic profiles will usher in an era where 
healthcare is truly personalized, preventive, and patient-centric.

• Integrated Internet of Nano-Things (IoNT): seamless connectivity at the nanoscale: 
the integration of nanosensors into the Internet of Things (IoT) forms the 
Internet of Nano-Things (IoNT). This interconnected network of nanoscale 
devices will enable real-time monitoring and data exchange at the molecular 
level. IoNT applications will range from environmental sensing to health moni-
toring, contributing to a smarter and more responsive society.
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• Revolutionizing energy landscapes: nanotechnology in energy storage: future energy 
solutions will be shaped by nanotechnology, particularly in the development of 
advanced energy storage systems. Nanomaterials will enhance the efficiency and 
storage capacity of batteries and supercapacitors, supporting the widespread 
adoption of renewable energy sources and contributing to a sustainable and 
decentralized energy landscape.

• Nanotechnology-enabled AI and robotics: synthesis of nanotechnology, AI, and robot-
ics: the synergy between nanotechnology, artificial intelligence (AI), and robot-
ics will give rise to intelligent nanobots capable of performing intricate tasks at 
the molecular level. This convergence will underpin advancements in fields such 
as precision manufacturing, targeted drug delivery, and autonomous systems, 
furthering the augmentation of human capabilities.

• Nano-ethics and responsible development: ethical guidelines for nanotechnology: the 
future of nanotechnology within Society 5.0 demands a robust ethical frame-
work. As nanotech applications become more pervasive, ethical considerations 
will center around issues such as data privacy, environmental impact, and 
equitable access. Responsible governance, stakeholder engagement, and ongoing 
discourse will be pivotal in navigating these ethical complexities.

• Educational empowerment and lifelong learning: nanotechnology in lifelong educa-
tion: nanotechnology’s educational impact will extend to lifelong learning, 
providing accessible and engaging educational tools. Virtual reality-enhanced 
nano-education platforms will allow individuals to explore the nanoscale world, 
fostering a continuous learning mindset and ensuring that the benefits of nano-
technology are accessible to all.

• Global collaboration for societal progress: international cooperation in nanotech 
research: the future of nanotechnology in Society 5.0 hinges on global collabora-
tion. Nations, research institutions, and industry leaders will collaborate to share 
knowledge, best practices, and resources. This collaborative spirit will accelerate 
breakthroughs, drive innovation, and address global challenges such as health-
care disparities, climate change, and resource management [95, 96].

As nanotechnology continues to evolve, its integration into the fabric of Society 
5.0 holds the promise of a future where technology is not just a tool but an enabler 
of human well-being, societal advancement, and harmonious coexistence with the 
environment. By embracing the principles of responsible research, development, 
and governance, society can navigate the unfolding nanotechnological landscape, 
shaping a future that embodies the human-centric revolution envisioned by 
Society 5.0.

11. Conclusion

In the exploration of “Nano and Society 5.0: Advancing the Human-Centric 
Revolution,” we embark on a journey through the intersection of nanotechnology and 
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the visionary paradigm of Society 5.0. This chapter delves into the profound implica-
tions of nanotechnology as a catalyst for transformative change, aligning with the 
core tenets of a society that places human well-being at its epicenter.

As we navigate the landscapes of nanoscience and its integration into the fabric of 
Society 5.0, a narrative of promise unfolds. Nanotechnology emerges not merely as a 
scientific discipline but as a beacon guiding the evolution of a society that prioritizes 
human needs, aspirations, and inclusivity. The synergy between nano-scale innova-
tion and the overarching goals of Society 5.0 accentuates the potential to reshape how 
we live, work, learn, and connect with our surroundings.

The amalgamation of nanotechnology and Society 5.0 paints a canvas where 
precision meets purpose. In the pursuit of advancing the human-centric revolution, 
nanotechnology stands as a linchpin, offering solutions that transcend traditional 
boundaries. From personalized medicine and sustainable energy solutions to inclusive 
education and accessible technologies, the applications of nanotechnology resonate 
with the ethos of Society 5.0—a society that embraces technological advancements to 
elevate the human experience.

As we reflect on the case studies, discussions, and explorations within this chapter, 
it becomes evident that nanotechnology is not merely a tool but an integral part of 
the narrative unfolding in our pursuit of a better future. The concept of Society 5.0, 
characterized by the harmonious integration of technology and humanity, finds an 
ally in nanotechnology—a silent force propelling the human-centric revolution into 
new realms of possibility.

However, as we chart this course toward a future shaped by nano-driven inno-
vations, a conscious acknowledgment of ethical considerations and responsible 
governance becomes paramount. Navigating the transformative potential of nano-
technology demands a commitment to ensuring equitable access, safeguarding 
privacy, and fostering a culture of transparency and inclusivity.

In conclusion, the synergy between nanotechnology and Society 5.0 embodies the 
spirit of progress intertwined with human values. This chapter serves as a testament 
to the collaborative efforts of scientists, innovators, policymakers, and society at 
large, collectively steering toward a future where technology empowers individuals, 
fosters inclusivity, and propels the human-centric revolution envisioned by Society 
5.0 into the forefront of our shared reality. As we stand on the precipice of this trans-
formative era, the partnership between nano and Society 5.0 holds the promise of a 
future where the human experience is not just enriched but fundamentally redefined.
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Chapter 6

Digital Entrepreneurship in the
Fourth Industrial Revolution
and beyond
Nompumelelo Mbhele and Andrisha Beharry-Ramraj

Abstract

The nature of the confusion that underpins entrepreneurial processes and out-
comes and the strategies for addressing it have been changed due to the Fourth
Industrial Revolution brought about by the development of digital technologies.
Technology is the main force behind digital entrepreneurship. The Fourth Industrial
Revolution’s technological development is both a limitation and a turning point for
digital entrepreneurship. Most importantly, it has been assumed that the Fourth
Industrial Revolution will provide additional drivers for the future of digital entre-
preneurship. The purpose of this chapter was to compile the most recent research on
digital entrepreneurship, investigate how the Fourth Industrial Revolution’s digital
transformation has affected this field, and explore how the COVID-19 pandemic has
affected it. The study conducted an evidence-based literature review on digital entre-
preneurship, using a qualitative analysis method and content analysis. The research
found that digital businesses were unaffected by Covid-19 due to their familiarity with
digital methods and business models. Covid-19 benefited digital entrepreneurs by
allowing them to pivot to new markets and segments quickly. However, it also
threatened their survival due to disruptions in their business model and supply chain.
The study suggests that digital entrepreneurship in the Fourth Industrial Revolution is
promising to continue.

Keywords: digital, entrepreneurship, technologies, transformation, COVID-19

1. Introduction

Today’s world is drastically changing, particularly concerning information and
communication technologies (ICT). This change shows how quickly evolving digital
technologies with novel functionalities alter market dynamics and standard business
strategies, structures, and practices [1]. According to Hai et al. [2], this subject is
currently the most debated due to the recent explosion in the adoption of digital
technology. Everyone is impacted by digital transformation, and in most fields, the
power of digital technology can be applied to all facets of an organization, mainly
digital businesses. Organizations are being forced to change how they operate due to
the global digital transformation, which includes artificial intelligence (AI),
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blockchain technology, and the Internet of Things. The COVID-19 pandemic forced
many companies to adopt a new way of trading their goods and services to customers.
Digital tools such as social media, big data, mobile, and cloud solutions were used.
Because digital tools enabled entrepreneurs to operate remotely during the COVID-19
pandemic, digital entrepreneurship was regarded as the best business practice.
Many issues that plagued other industries during the pandemic did not affect digital
businesses.

According to Pananond et al. [3] and WIR [4], digitalization will fundamentally
change how companies operate in globally interconnected value chains, both in terms
of production and organization. The sector of digital entrepreneurship will consider-
ably gain from this. “A few examples of the new technologies that are part of the
digital transformation are the Internet of Things (IoT), artificial intelligence (AI),
robotics-enabled automation, cloud, augmented reality (AR), virtual reality (VR),
platform-based technologies, e-commerce, fintech, blockchain, and 3D printing”
([2], p. 10). When combined, globalization and cross-border connectivity enable
organizations to operate throughout a wider region. However, these changes offer a
financial chance for corporate operations to be restored, allowing for local production
and consumption.

As earlier studies on using digital transformation in entrepreneurship only
examined scattered phenomena related to it, digital entrepreneurship has needed
more conceptual discussion and improvement. Some important fundamental ques-
tions are mainly ignored in the current literature. For example, what impact is digital
technologies having on entrepreneurship? What sets digital entrepreneurship apart
from traditional forms of entrepreneurship? The COVID-19 pandemic’s consequences
on digital entrepreneurship in the context of the Fourth Industrial Revolution and
how they will continue to be felt after. These queries will be addressed in this chapter.

1.1 Background

The First Industrial Revolution in 1765 was led by steam engines. Steam engines
played a crucial role in transforming various industries, such as textile manufacturing,
mining, and transportation. They provided a more efficient and reliable source of
power, leading to increased production and economic growth. Following the First
Industrial Revolution, the Second Revolution in 1870 was driven by electricity and oil-
based power. It was characterized by advancements in electricity, oil-based power,
and other key technologies. Electricity played a significant role in this revolution.
Thomas Edison’s development of practical electrical systems, including the incandes-
cent light bulb and the electric power distribution, was a breakthrough. This led to the
widespread adoption of electric lighting, which transformed industries and urban
areas, improving productivity and quality of life. The Third Revolution in 1969 was
supported by electronics and information technology. Today, new technologies have
been introduced, like Internet of Things (IoT), Artificial Intelligence, Big Data, and
many more. In addition, in the late 1960s, advancements in integrated circuit (IC)
technology that had been made in earlier years were maintained. ICs got more potent,
more compact, and more reasonably priced. More intricate and advanced electronic
devices have been made possible by the growing integration and downsizing of elec-
tronic components. As a result, more compact and effective computers, calculators,
and communication systems were created. These new technologies are shaping what is
being called the Fourth Industrial Revolution. The Fourth Industrial Revolution is
characterized by the fusion of physical, digital, and biological systems, and it is
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expected to have a profound impact on almost every industry and aspect of society.
One of the key pillars of the Fourth Industrial Revolution is the Internet of Things
(IoT).

1.2 Problem statement

The COVID-19 pandemic has changed how businesses in all industries and regions
operate for years. As a result of the changes brought about by the pandemic, enter-
prises have accelerated the digitization of their business controls, interactions with
their supply chains, and customer relationships. Companies that were accustomed to
operating in a free COVID-19 world have found this to be complicated. Even when
there is no pandemic, dealing with changes in the workplace environment can be
stressful for teams and individuals. It was easier and more accessible for digital
entrepreneurs familiar with digital businesses. The pandemic developed a setting that
will continue to support technological advancement and innovation. According to Hai
et al. [2] and Nambisan [5], digital entrepreneurship is crucial, particularly in light of
the COVID-19 crisis. Creating new business activities, enhancing business analytics,
and quickly communicating with many customers are benefits of digital business. The
development of new techniques and technologies may result from the expansion of
digital entrepreneurship. In these COVID-19 times, this is critical to every business.

The introduction of untapped technological advances into various business and
advancement fields, such as “mobile computing, cloud computing, social media, 3D
printing, and information analytics” ([6], p. 5), in recent years has altered the nature
of the tall flimsiness in entrepreneurship and its causes as well as the approaches to
managing such vulnerability. This has resulted in various research queries on digital
entrepreneurship at the connection of digital technologies and entrepreneurship that
demand careful consideration of digital technologies and their unique qualities in
shaping entrepreneurial activities during and after. The development of digital trans-
formation is accelerating at this time, and it is impacting how organizations are
evolving. Its consequences are still being defined. Therefore, the chapter aims to
interpret and discover how people perceive digital transformation and how their
minds change. It also highlights the good things that have happened due to the process
and successes in digital entrepreneurship.

2. Theoretical framework

Digital entrepreneurship involves identifying new opportunities in the digital
realm, creating and launching digital businesses, or transforming traditional busi-
nesses into digital ones. Digital entrepreneurs leverage emerging technologies such as
artificial intelligence, machine learning, big data analytics, cloud computing, and the
Internet of Things (IoT) to streamline processes, enhance customer experience, and
drive growth. This literature review studies the various aspects of digital entrepre-
neurship including its definition, characteristics, and challenges.

2.1 Digital entrepreneurship

The rise of digital platforms and entrepreneurial ecosystems has significantly
impacted innovation and entrepreneurship. However, the advantages entrepreneurs
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derive from these settings are widely recognized, and research on the technical
upheavals that give rise to digital entrepreneurship is still pending [7], according to
Scarborough and Cornwall [8]. Entrepreneurship is the process of starting a new
business in the face of the possibility of failure and uncertainty of the business to
generate income and growth by identifying significant opportunities and assembling
the necessary resources to take advantage of them. According to Duan, Kotey, and
Sandhu [9], entrepreneurs play a crucial role in the economy by creating jobs, making
products, and offering customer services. Entrepreneurship is the solution to people’s
unemployment, especially youth unemployment. There are many benefits to entre-
preneurship, including creating employment opportunities that will help address
socioeconomic issues like poverty and unemployment, which will, in turn, lower
crime rates as more people find work. Scarborough and Cornwall [8] simply that
successful entrepreneurs take every possible measure to improve their chances of
success. Vineela [1] suggests that understanding every concept related to entrepre-
neurship is crucial for becoming a successful entrepreneur. Every entrepreneur needs
to stay current on changes in the market and customer tastes and preferences to
compete in the marketplace and reach business objectives. Utilizing contemporary
digital tools and software can sometimes be necessary to communicate with customers
and boost the value of products. Because digital entrepreneurship stems from entre-
preneurship, the chapter began by explaining the concept of entrepreneurship.

Digital entrepreneurship is the intelligent adaptation of impactful digitalization to
business. It is changing how business operations are done innovatively [5, 10]. “Digital
entrepreneurship is at the heart of the digital economy, which is hailed as one of the
most significant economic developments since the industrial revolution” ([10], p. 2;
[11], p. 4). Zaheer et al. [10] suggest that digital entrepreneurship is making digital
profit entrepreneurially using a set of available alternative digital enablers to support
effective digital data acquisition, processing, supply, and utilization, according to a
broad definition by Zhao and Collier [11], “digital entrepreneurship” refers to
developing new businesses and changing existing ones through innovative digital
technologies.

According to Sahut et al. [12], there are several definitions of “digital entrepre-
neurship,” and the research contributions fall broadly into two categories. The first
one is investigating whether and how digitization alters entrepreneurship and the
traditional process of starting a new business. The second is the research on new
venture creation in the digital economy and entrepreneurial opportunities made pos-
sible by technological innovation in the sector (digital technologies as both enablers
and outputs). Simply put, “the offer of digital products or services across electronic
networks” is what digital entrepreneurship entails [13]. Digital entrepreneurship
emphasizes entrepreneurship’s transition to the digital age. In light of this, digital
entrepreneurship has been classified under numerous business categories, including
production, sales, logistics, trade, business management, and operation [9]. DE
improved the innovation of business models and procedures as well.

The Australian Innovation System Report [14] suggests that the values of entre-
preneurial organizations have primarily been commended for their ability to create
jobs and promote unused innovations. According to Zhao and Collier [11], this is
changing as the experience and understanding of the digital economy develop, putting
business owners and the businesses they found in a unique position to capitalize on
new opportunities, adopt cutting-edge technologies, and reshape competition by
entering untapped markets. The novel application of digital technologies for entre-
preneurship has received more attention in recent developments in entrepreneurship
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research. For example, multinational software entrepreneurs in Iceland use social
networking sites to grow their networks and spot business opportunities. Academic
Research in digital entrepreneurship faces some difficulties despite expanding
quickly. Confusion is brought on by the dynamic terminology used in the field. They
use various terms from emerging terminology interchangeably as trends come and go.
For instance, the term “Internet entrepreneurship” was first used in the field in 2000–
2001; it later evolved into “e- and “cyber“ entrepreneurship around 2004, and now, it
seems, we have settled on “digital entrepreneurship” [10].

2.1.1 Importance of digital entrepreneurship

The importance of digital entrepreneurship must be addressed in these times when
technology is advancing. Traditional businesses need to pay attention to adapting to
the trend. Digital business is different from conventional business. Digital enterprises
use many models to run their businesses [12]. According to Zaheer et al. [10], digital
entrepreneurs are the ones who are in charge of the business model and the company
culture in this era. In order to provide supply resilience in the face of the COVID-19
pandemic, digital transformation has been crucial, according to Niu et al. [15]. Brands
that have gone digital can now modify their order and supply volumes based on
outbreak forecast information. This emphasizes the importance of digital entrepre-
neurship in these times when technology is advancing. For traditional businesses to
survive in this digital age, they will need to adapt and change with the times. Digital
businesses use many different business models, which can be challenging for tradi-
tional businesses to keep up with. Traditional businesses will need to learn to use
digital tools and platforms if they want to compete in this era.

2.1.2 Communication with consumers

“Expectations from consumers and investors, as well as the potential for greater
economic and social benefits, are driving digital transformation and innovation in
digitalization” ([16], p. 2). Digital entrepreneurship helps rebuild unused businesses
by creating technologically advanced products and services, eventually resulting in a
faster rate of financial development. As a result, an open approach that energizes and
supports business should be considered essential for financial growth. Vineela [1]
articulates that the interaction between a buyer and a seller is simple because digital
entrepreneurship is linked to using digital systems for all business operations. Com-
pared to other communication modes, communication via the Internet is simple.
Purchasing goods and products online is the most convenient option for consumers.
People nowadays prefer buying things online rather than shopping in stores. As a
result of the ease of purchasing, the number of customers can be increased.

2.1.3 Competitiveness of the market

According to Chaffey and Ellis-Chadwick [17], keeping up with the competition is
essential in every business. A business can increase its customer base and compete on
a more competitive level by using digital marketing. Digital technology is crucial for
every business to meet the challenges of the market and expand its operations. It has
revolutionized how businesses operate and has made it easier for companies to reach a
broader range of customers. It is easy to make digital marketing strategies for
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businesses. However, making the right decisions can be difficult, especially when
choosing the right digital marketing agency.

2.1.4 Affordability

Flyverbom et al. [18] suggest that business websites should provide as many
services as possible to convert visitors into efficient customers and, as a result, con-
sumers. Different entrepreneurs approach this in different ways, but the common goal
for all is high sales for their company [19]. As a result, a well-designed website for any
business can serve as a platform to achieve this goal. According to Peukert [19], digital
technology is viable financially. This means that digital marketing is very inexpensive.
The costs differ depending on the type of marketing strategy employed. As a result,
the use of digital technologies can automatically reduce costs.

2.1.5 Digital ecosystem

The existence of a digital ecosystem is required for digital entrepreneurship. “The
digital ecosystem” is at the core of the “Digital Entrepreneurial Ecosystem” frame-
work, which Sussan and ACS [20] first introduced” ([21], p. 6). A digital ecosystem is
defined by Li et al. [22] as a self-organizing, scalable, and sustainable system com-
posed of heterogeneous digital entities and their interrelationships concentrating on
interactions between many entities to increase system functionality, gain advantages
and promote knowledge transfer, internal and transnational collaboration, and system
innovation. Thanks to digital technology, businesses can create new services and
products and adapt to their customers’ needs. New business models, new business
models, and new business models can all emerge from digital ecosystems. Hence, the
digital ecosystem is essential to businesses [9]. The context of the digital ecosystem
is typically used when talking about digital ecosystems. A collection of digital assets
that are connected and form a sophisticated network is known as a digital ecosystem.
The foundation of digital entrepreneurship is the existence or growth of a digital
ecosystem.

2.1.6 Digital management

According to Tsvetkov et al. [23], businesses must implement a digital manage-
ment strategy if they want to stay competitive and relevant in the rapidly evolving
digital world. A digital management strategy will assist companies in locating and
seizing opportunities and controlling the risks brought on by digitization. Businesses
must have a thorough understanding of their target market, the needs of their cus-
tomers, and the best ways to use digital tools to satisfy those needs to develop an
effective digital management strategy [18]. Tsvetkov et al. [23] define digital man-
agement as using digital tools to manage businesses using digitization as their operat-
ing framework. It encompasses various activities, including digital marketing, asset
management, rights management, and supply chain management. By leveraging dig-
ital tools and technologies, businesses can achieve efficiencies and scale that were
impossible in the past. The goal of digital management is to create customer value and
manage business processes through the use of digital technologies. This is done by
creating a digital strategy and roadmap that outlines the company’s goals and how
they will be achieved. Additionally, digital management includes the implementation
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of digital marketing campaigns, using social media to engage customers, and using
data analytics to understand customer behavior.

2.2 A concept for studying digital entrepreneurship

According to Zhao and Collier [11], emerging concepts like digital
entrepreneurship are distinct from traditional and general entrepreneurship, which
has been studied for years. Each of the five “pillars” identified by the European
Commission [24] in its conceptual model of digital entrepreneurship is important to
consider when analyzing it. These are (1) Digital business environment and ICT
market; (2) Digital knowledge base and ICT market; (3) Access to finance; (4)
Digital skills and e-leadership; and (5) Entrepreneurial Culture. According to the
European Commission [24], the framework was developed to allow businesses
and entrepreneurs to grow their companies in a welcoming environment while
encouraging originality and creativity. Encouraging the development of online
businesses will lead to the creation of new employment opportunities. Consumers
will adopt technology more readily in an environment where it is readily available,
claims Bisht et al. [25]. Entrepreneurs should promote a culture of market creation
rather than concentrating on market development. There is a huge amount of
untapped value-creation potential at the bottom of the pyramid. This leads to the
need for the advancement of the framework to keep up with the trend and provide
a more effective way of engaging in the digital technology business. In order to
study this new phenomenon in a comprehensive and integrative way, Zhao and
Collier [11] proposed an approach to study the relationships among variables in a
hypothetical process of digital entrepreneurship. They created a new conceptual
framework.

According to Zhao and Collier [11], three theories, namely the social network
theory, the social capital theory, and the institutional theory, were chosen by the
authors as the theoretical foundations for their model because of digital entrepre-
neurship’s social and networked nature. Social capital and social networks frequently
seem to interact as digital entrepreneurship develops. For instance, OSS communities
for open-source software are drawing entrepreneurs to the communities to share
knowledge and innovate to generate and reap economic benefits. Relationships
between individuals in a social network have the potential to develop into or lead to
significant sources of social capital, according to the central claim of the social capital
theory (e.g., information, knowledge, and resources). The performance of an indi-
vidual or company’s innovation also depends on where they are in the network.

Their developed theory reflects the interaction between the three approaches and
the five main factors influencing digital entrepreneurship. The authors argue that
social capital is the most important of the three theories and that this theory has
emerged as the most important to the industry. The authors say that the most crucial
thing social capital does is provide a basis for entrepreneurship, which has been a
critical factor in the growth of the digital marketing industry. In addition, the authors’
prior work on social capital in the context of developers and entrepreneurs sheds light
on the important social factors for digital entrepreneurs (Figure 1).

According to Zhao and Collier [11], this model makes use of these theories to
investigate how social networks at the individual, institutional, and societal levels, as
well as social capital both online and offline, influence the discovery and exploration
of digital opportunities as well as the results of entrepreneurial endeavors. It guaran-
tees that social and economic organizations are operating efficiently. With the help of
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this model, it can specifically look into how social networks and social capital interact
to influence the growth and results of digital entrepreneurship.

2.3 Problems with digital entrepreneurship

Without a doubt, digital business is booming, and the ICT market is expanding
rapidly. However, there are still some issues that must be addressed. One of the most
serious issues is that digital businesses are not immune to cybercrime. Cybercrime can
harm a company’s reputation, finances, and physical security [26]. There is also no
doubt that the new innovative changes offer a range of great opportunities for the ICT
industry in digital entrepreneurship. However, in order to seize them, the industry
will have to evolve. “The Gartner 2018 CIO Agenda survey shows that anxiety about
being disrupted by digital business is a main concern of CIOs”. The shift of the
industry or change can lead to cultural anxiety. This is because it calls for a significant
change in behaviors and how things are done. As much change is good in business, but
it comes with consequences. According to Matar [27], change is essential for busi-
nesses to succeed. To change, organizations first need to understand the challenges
they face and how to overcome them. With the right mindset, embracing digital
business can help mitigate the risks associated with change. By doing so, organizations
can create a more efficient and effective workplace and better serve their customers.
They are confident that embracing digital business can turn the threat into an oppor-
tunity for the industry.

2.4 Digital transformation and the Fourth Industrial Revolution

The Fourth Industrial Revolution is receiving much attention from society. It has
impacted many aspects of our lives. Moavenzadeh [28] stated that digital transforma-
tion is expected to change many proceedings within the business sector. “The Fourth
Industrial Revolution refers to the technological transformation society is undergoing
in the 21st Century” ([29], p. 3). According to Ross and Maynard [29], when Klaus

Figure 1.
Conceptual framework for study of digital entrepreneurship. Source: Zhao and Collier [11].
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Schwab, the founder of the World Economic Forum, used the phrase “Fourth Indus-
trial Revolution,” he was referring to a period characterized a technological revolu-
tion. “This shift in technological innovation is creating a vast ecosystem of
interconnected, complex, and dynamic interaction between humans and the built
environment” ([30], p. 8). According to WIR [4], the Fourth Industrial Revolution is
defined by four main aspects: the digitization of products and services, the emergence
of new digital business models, the spread of digital connectivity, and the develop-
ment of new technologies such as artificial intelligence (AI), robotics, and the Internet
of Things (IoT). The Fourth Industrial Revolution has three main characteristics. The
three main trends in technology are as follows: (1) the convergence of digital, biolog-
ical, and physical systems; (2) the rapid advancement of processing and storage
power; and (3) the introduction of novel technologies like 3D printing, robots, and
artificial intelligence. “The change is being fueled by the exponential rise of digital
technologies.”

Technologies that are becoming more and more integrated into daily life include
augmented reality (AR), artificial intelligence (AI), the Internet of Things (IoT), and
driverless cars ([30], p.10; [2], p. 17). In Tang et al.’s [31] study, it was found that
distributed innovation enhances business performance in digital innovation. It also
partially mediates the positive link between distributed innovation and performance
in digital innovation. Additionally, IT-enabled capabilities positively influence the
connection between distributed innovation and digital innovation opportunities.
Moreover, IT-enabled capabilities play a positive role in this relationship.

During the First Industrial Revolution, production was automated through the
utilization of steam power energy. The second produced enormous volumes using
electric power. Digital transformation or technical advancement is a never-ending
cycle of competing advancements rather than a linear one. One example of a new
technology that emerged concurrently with the development of the vehicle, the air-
craft, and nuclear power is the cell phone, the radio, and televisions. When it came to
cars, the invention of the internal combustion engine facilitated the development of
the vehicle. The phonograph and television inventions came first in the history of
radio and television. Technological innovation and transformation happen faster than
ever before in the Fourth Industrial Revolution [6]. Comparatively, in just two years,
Instagram reached 100 million subscribers, while the interactive smartphone game
Pokémon Go drew 100 m users in just one month. It took 75 years for 100 million
users to adopt the telephone” ([32], p. 9). Kodama [6] asserts that the Fourth Indus-
trial Revolution encompasses more than merely sophisticated, networked machinery
and systems. Its range is far wider. “Because of the integration of these advances in
technology and their connections across physical elements, electronic, and biological
realms, the Fourth Industrial Revolution is fundamentally different from previous
revolutions” ([2], p. 17).

According to Kodama [6], the Fourth Industrial Revolution will have a profound
impact on employees, organizations, and society. Organizations today need to strike a
balance between the benefits of technology advancement and new job and employ-
ment conceptions, as well as local and global power shifts, as work and the meaning of
work change for employees. The Fourth Industrial Revolution will be driven more
than ever by digitalization and vast smart ecosystems, according to the latest study. As
a result, machine learning and artificial intelligence will grow in importance and
become indispensable to our daily operations. As a result, companies and employees
need to reevaluate what new types of work might involve and how they fit into the
concepts of the modern workplace. According to Zhao and Collier [11], these
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technologies drive the digital economy by opening up a new spectrum of options with
substantial potential economic value and the capacity to drastically reduce the cost of
new initiatives. Alibaba.com is an excellent example; it has helped millions of Chinese
individuals launch enterprises and created a large number of jobs.

Moavenzadeh [28] studied the Fourth Industrial Revolution and its future in the
world. September 2015 found that “90% of the news that the general public reads will
be produced by computers by 2025, according to 50% of media, entertainment, and
information strategy officers. One hundred percent of insurance and asset manage-
ment officers concur that an insurer’s competitive positioning will depend on real-
time sensor data streams by 2020. By 2030, most of our financial architecture will be
supported by distributed ledger technology, according to 92% of banking and capital
markets strategy officers. Fifty percent of institutional investors and sovereign fund
strategy officers agree that by 2025, the majority of financial transactions, as well as
management of important documents, will take place on blockchain architecture”
([28], p. 6). This emphasizes how important traditional need to adapt to digital
businesses for them to keep up with the competition.

2.5 Digital entrepreneurship in the Fourth Industrial Revolution

The Fourth Industrial Revolution, brought in by the advancement of digital tech-
nologies, has altered the nature of the hesitation, which supports entrepreneurial
processes, results, and methods for handling it. According to Budd et al. [33], the
success of the Fourth Industrial Revolution is dependent on digital
entrepreneurship. It creates, launches, manages, and controls business enterprises
using new digital technologies. The Fourth Industrial Revolution’s technological
advances have created opportunities for entrepreneurs and businesses of all sizes.
Digital entrepreneurship has benefited from the advancement of technology as they
work with it.

According to Budd et al. [33] and Moavenzadeh [28] digital technologies are
becoming more important in the entrepreneurial process. Budd et al. [33] and Matt
et al. [34] suggest that as we become increasingly connected to technology, it is likely
that new technologies will profoundly impact human societies and the economy. They
enable the instant transfer of ideas and the sharing of resources, stimulating innova-
tion and providing new opportunities. Digital entrepreneurs have leveraged the latest
technologies to create new businesses and industries. Opportunities for digital entre-
preneurship abound in the Fourth Industrial Revolution, characterized by the wide-
spread use of digital technologies. According to Budd et al. [33] and Purbasari et al.
[21], digital technologies have significantly impacted how businesses are conducted.
In particular, Nambisan [5] articulates that digital technologies have allowed busi-
nesses to operate much faster and more accurately. This has resulted in a rise in the
number of businesses competing in a global market. As a result, digital entrepreneurs
have become more prevalent and are making a big difference in the current economy.
This is seen as a good thing happening to the economy.

According to Budd et al. [33], the Fourth Industrial Revolution’s technological
development is both a limitation and a turning point for digital entrepreneurship. The
technological development of the Fourth Industrial Revolution and the digital econ-
omy have been found to have several implications for digital entrepreneurship. The
results of this study suggest that digital entrepreneurs should consider the following
implications when developing their business models: technology developments can
limit the ability of digital entrepreneurs to identify and exploit opportunities;
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technology developments can provide digital entrepreneurs with new opportunities to
exploit, and technology developments can provide digital entrepreneurs with the
ability to create new business models that are not possible with existing technology.

2.6 The impact of COVID-19 on digital entrepreneurship in the Fourth
Industrial Revolution

The devastating global pandemic caused by the COVID-19 virus that hit the world
in 2020 affected people and businesses worldwide. The pandemic had extensive
effects that were felt all over the world. According to Purbasari et al. [21], the COVID-
19 outbreak has created a lot of vulnerability, especially regarding economic uncer-
tainty. This includes the rate of recovery, government interference and agreements,
changes in consumer behavior and how they affect exchange efficiency, contempo-
rary business practices, R&D, human capital development, and other factors that
impact efficiency over the medium and long term. A few governments implemented
travel restrictions, social exclusion policies, and event cancellation guidelines to pre-
vent the spread of widespread.

Digitized businesses were hit hard as people lost their jobs, some businesses were
forced to close their jobs, and businesses shut down [33]. “The digital revolution has
transformed many aspects of life. As of 2019, 67% of the global population had sub-
scribed to mobile devices, of which 65% were smartphones, with sub-Saharan Africa
experiencing the fastest growth. In 2019, 204 billion apps were downloaded, and 3.8
billion people actively used social media as of January 2020” ([33], p. 2). Businesses
were forced to shut down within days, causing economies to contract and industries to
collapse. In addition, companies that did not have the digital infrastructure to continue
making money were left without the ability to hire workers. This resulted in the death of
many small businesses, their jobs, their income, and their assets. The fall in the value of
the USD Dollar made it more difficult to move money around. The global financial crisis
led to a currency crisis, and many countries could not pay their bills. Some of these
countries could not pay their debts, and many others were bankrupt.

In response to COVID-19, numerous digital technologies are being used. The types
of technologies that are used are clearly shown in Figure 2 on the next page. Because
of the development of technologies, the Fourth Industrial Revolution made it simpler
for digital entrepreneurs to run their businesses. Businesses can select a wide range of
digital technologies for their operations. “These digital technologies include
blockchain technology, the Internet of Things (IoT), big data analytics, artificial
intelligence (AI) that uses deep learning, and next-generation telecommunication
networks” ([35], p. 1).

Despite the negative effects the pandemic had on entrepreneurship, digital entre-
preneurship has been greatly affected by the COVID-19 epidemic, according to Yáñ-
ez-Valdés and Guerrero [36], which has turned industries into digital solutions. In
order to address social and economic challenges, digital entrepreneurship has given
rise to projects in the fields of entertainment, banking, health, education, and digital
payments. The crisis has altered the assessment of digital entrepreneurship, meaning
that projects in the future will probably involve digital elements.

2.6.1 Challenges

The overall impact of the pandemic was felt from the beginning of the pandemic.
Qermane and Mancha [37] imply that COVID-19 benefited digital entrepreneurs by
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allowing them to quickly and effectively pivot to a new market and segment. However,
COVID-19 also posed a threat to the survival of the businesses as it disrupted their
business model and disrupted their supply chain. The pandemic was the result of the
Fourth Industrial Revolution. According to Purbasari et al. [21], the Fourth Industrial
Revolution was a key development in the history of capitalism. It led to the development
of new technologies and new businesses. The Fourth Industrial Revolution also signifi-
cantly impacted the economy and society. The impact of the Fourth Industrial Revolution
was felt in many ways. There was a shift in how businesses were run and the economy
was organized. There was a shift in the way people lived their lives and the way they
interacted with each other. According to Budd et al. [33], many established businesses
have been compelled to change to accommodate the new global order. They have found
this to be difficult. Many people have lost their jobs, and many others have been forced to
shut down traditional businesses or open new ones. Another issue was that with so many
businesses going online, there was a lot of competition. For improvement in their busi-
nesses, digital businesses need to improve their marketing strategies.

2.6.2 Benefits

The COVID-19 pandemic transformed business operations into digital [21, 37],
according to Ross and Maynard. [29] and Purbasari et al. [21], digital businesses were
unaffected because they were already familiar with digital methods of operation and
their business model. The pandemic changed how people interacted with businesses,
which caused a slew of issues. One of the issues businesses faced was that people were
no longer willing to go to the business and buy the product because they could do so
from home. However, this did not affect digital businesses as they are operating
online, e.g., online shops and online services. “The digital revolution has transformed
many aspects of life. As of 2019, 67% of the global population had subscribed to
mobile devices, of which 65% were smartphones, with Sub-Saharan Africa

Figure 2
The interconnected digital technologies used in digital entrepreneurship respond to COVID-19. Source: Schilirò [16].
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experiencing the fastest growth. In 2019, 204 billion apps were downloaded, and 3.8
billion people actively used social media as of January 2020” ([33], p. 2). The DE
benefited because customers’ attention was on purchasing online and using technol-
ogy for many activities in their lives.

2.7 Entrepreneurial resilience and advancement following the pandemic

The COVID-19 epidemic has caused a paradigm shift in the growth and recovery of
entrepreneurship. According to Sharma et al. [38], companies need to focus on crea-
tive ways to recover, embrace socially rooted orientations, and implement best prac-
tices for crisis management. Readjusting the entrepreneurial orientation or developing
a new kind of entrepreneurship is necessary for the post-crisis entrepreneurial revival.
Using AI-CRM technology in family enterprises, creating an entrepreneurial environ-
ment through value co-creation, and investigating owner motives, stretched
resources, and dynamic capacities for post-disaster recovery are a few examples [39].
To increase a company’s resilience and competitiveness, it is necessary to pay closer
attention to these new developments (Table 1).

Yáñez-Valdés and Guerrero [36] focus on small business owners and startups; this
paper probably explores the difficulties faced by entrepreneurs during the COVID-19
epidemic, including supply chain interruptions, changes in customer behavior, finan-
cial restrictions, and regulatory concerns. With an emphasis on resilience building,
innovation fostering, and long-term business model development, the article explores
how entrepreneurs have responded to the challenges posed by the pandemic and
offers insights and recommendations for entrepreneurs and policymakers to recon-
sider entrepreneurial strategies in response to the COVID-19 crisis.

In their analysis of the connection between entrepreneurship and COVID-19,
Sharma et al. [38] hope to support business owners and other interested parties in
their endeavors, both in navigating the post-pandemic environment they are currently
in and in the event that other crises arise. According to their research, business owners
should integrate best practices for crisis management, take a socially grounded
approach, and concentrate on creative strategies to recover. Readjusting the entrepre-
neurial orientation or developing a new kind of entrepreneurship is necessary for the
post-crisis entrepreneurial revival. Audretsch et al. [40] suggest that By facilitating
diversification, adaptation, access to international markets, and knowledge sharing,
digital transformation improves entrepreneurial resilience and increases a company’s
capacity to endure and expand in times of crisis. Mitsa and Lyakh [41] focus on small-
to medium-sized businesses and how it is important for them to apply digital

Author and year Title Journal

Yáñez-Valdés and
Guerrero, [36]

Determinants and impacts of digital entrepreneurship:
A pre-and post-COVID-19 perspective

Technovation

Sharma et al., [38] Entrepreneurial challenges of COVID-19: Re-thinking
entrepreneurship after the crisis

journal of Small Business
Management

Audretsch et al.,
[40]

Resilience and digitally advanced entrepreneurship Entrepreneurship &
Regional Development

Mitsa and Lyakh
[41]

Application of digital entrepreneurship platforms in
small and medium-sized businesses

Actual Problems of
Economics

Table 1
Recent significant studies regarding the adaptation of Digital Entrepreneurship to Industry 4.0.
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transformation in their businesses. As the world is moving rapidly, it is important to
keep up with the trend.

3. Research methodology

This research aims to study the impact of COVID-19 on digital entrepreneurship in
the Fourth Industrial Revolution and how it will be beyond. A qualitative analysis
research method was used for this study. According to Bougie and Sekaran [42],
qualitative research aims to gather and analyze non-numerical data to understand
better ideas, opinions, or experiences (e.g., text). Using qualitative methods, you can
learn more about concepts and experiences. For this study, secondary data sources
were consulted. The chapter offers a comprehensive understanding of the field
through a review of earlier research findings. Data were gathered for this study using
secondary research techniques. A secondary research method is used to gather the
information that has been published before. It is desk-top research. The information
was gathered from various published sources, including books, journals, articles, case
studies, and websites. A total of 50 journal articles, books, and publications were read,
and 33 were used as a reference to the study.

Content analysis is the data collection and analysis of the content of a document.
The content analysis aims to understand the meaning of textual data and information.
Text mining aims to understand the meaning of the text (textual content) and the
relationships between texts (relationships between the textual content and the rela-
tionships between texts). This method enabled the researcher to progress from dealing
with gathered data to detecting patterns and developing new ideas. The information
collected from journals, articles, books, and other sources was analyzed and organized
to allow the researcher to identify patterns and develop new ideas.

4. Discussion of findings

4.1 The study of digital entrepreneurship

Digital entrepreneurship is the intelligent adaptation of impactful digitalization to
business. It is changing how business operations are done innovatively [5, 10]. DE is a
broad topic, and several authors define it similarly. These two authors defined it as an
intelligent adaptation of digital technologies to entrepreneurship. “Digital entrepre-
neurship is at the heart of the digital economy, which is hailed as one of the most
significant economic developments since the industrial revolution” ([10], p. 2; [11], p.
4). These authors studied and found that digital entrepreneurship contributes much to
the economy by providing job opportunities to individuals. It has also been found that
digital entrepreneurship has been classified under numerous business categories,
including production, sales, logistics, trade, business management, and operation [9].
This is one of the importance of digital entrepreneurship. Enterprises use many
models to run their businesses [12].

According to Zaheer et al. [10], digital entrepreneurs are the ones who are in
charge of the business model and the company culture in this era. Overall, these
authors suggest that it is very important for businesses to adopt the digital culture in
order to survive. DE improved the innovation of business models and procedures as
well. Purbasari et al. [21] suggest that an essential initiative for startups with a digital
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focus in the ecosystem of digital entrepreneurship is the intelligent adaptation of
impactful digitalization to business. It changes how business operations are done
innovatively [5, 10]. In the digital sector, technology has permeated every aspect of
businesses. A digital ecosystem is defined by Li et al. [22] as a self-organizing, scalable,
and sustainable system composed of heterogeneous digital entities and their interre-
lationships concentrating on interactions between many entities to increase system
functionality, gain advantages and promote knowledge transfer, internal and trans-
national collaboration, and system innovation. The digital ecosystem plays a very
important role in DE.

Digital entrepreneurship involves identifying new opportunities in the digital
realm, creating and launching digital businesses, or transforming traditional busi-
nesses into digital ones. Digital entrepreneurs leverage emerging technologies such as
artificial intelligence, machine learning, big data analytics, cloud computing, and the
Internet of Things (IoT) to streamline processes, enhance customer experience, and
drive growth. They understand the potential of these technologies to disrupt indus-
tries and create new markets. Through digital entrepreneurship, businesses can
improve their operations by automating manual tasks, integrating systems, and ana-
lyzing data to make informed decisions. This can result in increased productivity,
reduced costs, and improved customer satisfaction.

4.2 Digital entrepreneurship in industry 4.0

The dynamic landscape of digital entrepreneurship in the context of Industry 4.0,
or the Fourth Industrial Revolution, is depicted in this section. It emphasizes how
entrepreneurship may make use of cutting-edge digital technologies including cloud
computing, big data analytics, machine learning, artificial intelligence, and the Inter-
net of Things (IoT). The interconnected network of digital entities, which includes
investors, startups, entrepreneurs, accelerators, and digital platforms, is referred to as
the Digital Entrepreneurship Ecosystem. It stands for the cooperative atmosphere that
fosters the growth of digital enterprise. Digital entrepreneurship is propelled by
foundational technologies known as technological enablers. They enable business
owners to spot fresh opportunities, develop original solutions, and upend established
markets. Blockchain, IoT, AI, and data analytics are a few examples. Rethinking
conventional company structures and developing fresh value propositions made pos-
sible by digital technologies are key components of digital entrepreneurship. The field
of digital entrepreneurship is significantly impacted by the Fourth Industrial Revolu-
tion. It changes the entrepreneurial landscape and has an impact on the strategies and
techniques used by digital entrepreneurs. It offers both opportunities and problems.
Flexible and adaptive, successful digital entrepreneurs can navigate uncertainty and
take advantage of new opportunities. Resilience and adaptability are critical in the face
of disruptive technological breakthroughs and outside shocks like the COVID-19
pandemic.

4.3 To understand the digital transformation (Fourth Industrial Revolution)
impacts on digital entrepreneurship

“The Fourth Industrial Revolution refers to the technological transformation soci-
ety is undergoing in the 21st Century” ([29], p. 3). According to Kodama [6], There
are more than just cutting-edge, networked devices and systems involved in the
Fourth Industrial Revolution. Its scope is much wider. According to Budd et al. [33]
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and Moavenzadeh [28], compared to earlier industrial revolutions in human history,
the Fourth Industrial Revolution is a notable divergence. The convergence of several
disruptive technologies, such as biotechnology, improved materials, robots, artificial
intelligence, and the Internet of Things (IoT), is what distinguishes it. The distinctions
between the digital, biological, and physical realms are becoming increasingly hazy
due to the rapid advancement of these technologies and their interconnectivity across
several domains. It has been found that digital entrepreneurs have been able to
leverage the latest technologies to create new businesses and industries. This is an
advantage to digital entrepreneurs. Opportunities for digital entrepreneurship abound
in the Fourth Industrial Revolution, characterized by the widespread use of digital
technologies [5]. According to Budd et al. [33] and Purbasari et al. [21], digital
technologies have significantly impacted how businesses are conducted. In particular,
digital technologies have allowed businesses to operate much faster and more accu-
rately. This has led to an increase in the number of businesses that can compete in a
global market. As a result, digital entrepreneurs have become more prevalent and are
playing an essential role in the current economy.

4.4 Study COVID-19 pandemic impacts on digital entrepreneurship in the Fourth
Industrial Revolution

In 2020, the COVID-19 virus unleashed a deadly global pandemic that impacted
individuals and companies around the globe [2, 21]. Globally, the pandemic’s wide-
ranging consequences were felt. According to Hai et al. [2], there were both challenges
and benefits of this outbreak to digital businesses. The outbreak significantly affected
businesses in many ways, particularly for entrepreneurs. The fourth industrial Revo-
lution, or Industry 4.0, brought about by the development of digital technologies, has
altered the nature of the uncertainty that underlies entrepreneurial processes and
results as well as the methods for addressing it. The pandemic has changed, forcing
businesses to implement or adjust new business models. This has been a challenge to
businesses. According to Purbasari et al. [21], the Fourth Industrial Revolution was a
key development in the history of capitalism. It led to the development of new
technologies and the creation of new businesses. According to Ross and Maynard [29]
and Purbasari et al. [21], digital businesses were unaffected because they were already
familiar with digital methods of operation and their business model. These authors
articulate that because digital businesses were familiar with digital tools, it was not a
challenge for them to adapt to the changes.

5. Recommendations for future research

This study looked at the most recent research on digital entrepreneurship,
investigated how the Fourth Industrial Revolution’s digital transformation has
affected this field, and investigated how the COVID-19 pandemic has affected it.
Future studies can examine how digital entrepreneurs can grow their companies
and implement digital globalization. The transformation of digital entrepreneurship
from Industry 4.0 toward Industry 5.0 could be introduced. Industry 5.0 could
represent a shift toward more human-centered automation and the integration of
technologies that enhance human creativity, decision-making, and problem-solving
within the industrial landscape. It focuses a strong emphasis on human–machine
cooperation while also addressing sustainability, moral issues, and the
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development of human potential in tandem with technology. And lastly, future
research could be geared toward primary research since this one was based on
secondary research.

Businesses that want to digitize their operations should invest in software, tools,
and technology infrastructure. To increase productivity and streamline procedures,
this involves implementing automation, artificial intelligence, data analytics, and
cloud computing. Digital enterprise requires a strong online presence. To interact with
clients and advertise their goods and services, businesses should concentrate on cre-
ating a user-friendly website, optimizing it for search engines, and utilizing social
media channels.

Given the growing dependence of organizations on digital platforms, cybersecurity
needs to be given top priority. Cyberthreats can be avoided by putting robust security
measures in place, including as firewalls, encryption, and frequent security audits.
This will safeguard sensitive data and consumer information.

6. Conclusion

In summarizing what has been mentioned above, the purpose of this chapter was
to gather the most recent research on digital entrepreneurship, as well as a current list
of the main ideas and strategies covered in the literature, to study digital entrepre-
neurship in the Fourth Industrial Revolution and beyond in response to COVID-19. A
research roadmap pointing to additional research opportunities for academics work-
ing in the field was also suggested based on the results of the comprehensive literature
review. An investigation of journal articles, book editions, and other Internet docu-
mentation was conducted to conduct an evidence-based literature review on digital
entrepreneurship and the Fourth Industrial Revolution. Digital entrepreneurship in
the Fourth Industrial Revolution is promising to look beyond. In response to COVID-
19, numerous digital technologies are being used. Digital businesses are using digital
technologies, which include “blockchain technology, the Internet of Things (IoT), big
data analytics, artificial intelligence (AI) that uses deep learning, and next-generation
telecommunication networks” ([35], p. 1). Digital entrepreneurship is responsible for
managing and controlling a business or enterprise through the use of new digital
technologies. The Fourth Industrial Revolution’s technological advances have created
opportunities for entrepreneurs and businesses of all sizes. Digital entrepreneurship
has benefited from the advancement of technology as they work with it. According to
Budd et al. [33] and Purbasari et al. [21], digital technologies have significantly
impacted how businesses are conducted. In particular, digital technologies have
allowed businesses to operate much faster and more accurately. This has led to an
increase in the number of businesses that can compete in a global market. As a result,
digital entrepreneurs have become more prevalent and play an important role in the
current economy.

Moavenzadeh [28] studied the Fourth Industrial Revolution and its future in the
world. September 2015 found that “90% of the news that the general public reads will
be produced by computers by 2025, according to 50% of media, entertainment, and
information strategy officers. One hundred percent of insurance and asset manage-
ment officers concur that an insurer’s competitive positioning will depend on real-
time sensor data streams by 2020. By 2030, most of our financial architecture will be
supported by distributed ledger technology, according to 92% of banking and capital
markets strategy officers. Fifty percent of institutional investors and sovereign fund
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strategy officers agree that by 2025, the majority of financial transactions, as well as
management of important documents, will take place on blockchain architecture”
([28], p. 6). This emphasizes how important it is for traditional businesses to adapt to
digital businesses in order to keep up with the competition. The future is promising
when it comes to digital entrepreneurship in the Fourth Industrial Revolution.
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Chapter 7

Perspective Chapter: Sustainable 
and Resilient ODeL Practices 
for the Industry 5.0 Paradigm – 
Application of Digitalization to 
Support Authentic Knowledge 
Creation
Motshidisi Masilo

Abstract

Students’ digital competency is key in open distance learning (ODeL) space. In 
addition, engagement in online interactive learning through social and cognitive 
networking is essential. This chapter reports the online facilitator’s experiences on the 
sustainable and resilient learning practices in interactive ODeL classroom. It draws 
from the connectivism theory that emphasizes the importance of the students’ abilities 
to live, work and thrive in the interconnected learning community. This qualitative 
autoethnographic case-study is an inquiry into the ODeL mathematics education 
students’ interactive learning processes. A case study in this chapter takes the form of 
a story that is enhanced by theory and practices aligned with the researcher’s experi-
ences. The self-observation notes that the author has drafted from practices in own 
online classroom are connected to literature to explore the interactive practices in an 
ODeL context. Digitalization in teaching enhances students’ connectivism practices for 
the Fourth Industrial Revolution (4IR). This enables students to connect socially and 
cognitively to acquire multidimensional thinking and in-depth learning to enhance 
authentic learning. In essence, the ODeL facilitator should apply sustainable teaching 
through digitalization to support students to adhere to interactive sustainable practices 
to flourish in the interactive learning systems, and to attain the industry 5.0 skills.

Keywords: authentic learning, connectivism, sustainability, resilience, mathematics 
education

1. Introduction

Societal values within the fourth industrial revolution (4IR) era align with beliefs 
that the usage of digital tools can support the inquisitive nature of those who learn. 
The necessary inquisitiveness enhances participation in social and cognitive networks 
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that can benefit students to advance creative critical thinking and authentic learning. 
Facilitators of learning and students in the 4IR learning society must be equipped 
with appropriate values, knowledge, and practices to advance the industry 5.0 compe-
tences which is the envisaged future in education [1]. However, the appropriate values 
are viable through the set societal ethical standards. For example, even in online 
learning, through utilization of digital resources, originality or authenticity should be 
prioritized in knowledge creation to avoid plagiarism.

My narrative in this chapter departs from my concern of interactive learning 
practices in an ODeL learning context. It seems complicated for the current cohort 
of ODeL students to network through social and digital means and be able to develop 
authentic critical creative thinking. Currently, the 4IR means of digitalization in 
the education sphere are challenged with lack of originality, where students fail to 
maintain academic integrity practice, such as avoiding plagiarism. In this sense, the 
preparation of students for the industry 5.0 competencies is not possible. Through 
lack of originality and plagiarism practices, sustainable practices are not maintained 
in ODeL, focused on mathematics education in this chapter. The lack of sustainable 
practices in learning at an ODeL space hinder cognitive development that aligns with 
the needs of the workforce of the 5IR era. The present ODeL students are included as 
the workforce of the future in the 5IR. However, the concern in this chapter is that the 
student cohort that is trained and prepared for the demands of the 5IR is not coping 
well with interactive learning and in the education space that has a wealth of knowl-
edge. This is because they rely on the existing information and knowledge, and they 
find it hard to transform and align their thinking and knowledge-creation abilities 
with the plethora of existing knowledge.

The purpose of this chapter is to give a perception of the online facilitator’s 
experiences and insight into the sustainable practices in the online classroom of 
students who study mathematics teaching qualification. The group of students that 
were studied, were prospective teachers who were learning and were equipped with 
relevant skills to teach mathematics in the digital era. The following questions were 
asked in this chapter: What are my interpersonal experiences,

• in view of how sustainable and resilient learning practices are affected by a 
plethora of digital information leading to plagiarism?

• as an ODeL facilitator in supporting students to apply skills that can assist them 
to advance authentic knowledge creation?

The questions asked resonate with the notion of students’ abilities to “live, work, 
and thrive in the interconnected community” [2]. This means that with a plethora 
of knowledge from social networks through digitalization, students should be 
able to evaluate the information at their exposure and use it to build a cognitive 
network that is original and authentic. Sharing my experience of ODeL facilita-
tion to support sustainable and resilient mathematics education practices, is a way 
of addressing the culture of academic plagiarism elevated by the world of digital 
information, to propagate a call for the need for ethical practices in the 4IR era to 
advance the expertise needed in the future, that is, in the 5IR era. In the following 
sections, literature is discussed, and the theory of the digital age is engaged in a 
discourse on how students respond to digital network creation for sustainable social 
and  cognitive networks.
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2. Literature review

Literature in this chapter affirms that sustainable and resilient mathematics 
education encompasses the education processes that task facilitators with teaching 
skills that assist students in developing the necessary skills to learn along machines. 
Furthermore, the literature follows a discourse on the essence of digitalization in 
supporting sustainable and resilient mathematics education processes, the impact 
of digitalization on authentic learning, and academic plagiarism in digitized ODeL 
environments. The discourse leads to the synthesis that shows the influence of the 
current interactive learning practices as aligned with the impact on social and cogni-
tive networks.

2.1 Sustainable and resilient mathematics education practices

The Education for Sustainable Development (ESD) mission is part of the targets 
of sustainable development in societies by 2030. Based on the United Nations (UN) 
ESD goals, ESD covers the development of values and transformative actions that 
lead to problem-solving, ability to recognize the needs for a sustainable society, 
acceptance of modern society, and ability to tackle problems in the immediate society 
[3]. Through ESD, educational activities must empower students as builders of the 
society. The ESD further promotes competencies, skills, and attitudes such as abil-
ity to think in multidimensional and integrative ways, communicate, and cooperate 
with other problem-solvers. In line with the right attitude through empowerment by 
the ESD, students need an attitude to respect relations and connections; as well as 
the attitude to participate proactively [3, 4]. The key facilitator actions necessary to 
empower the 4IR student with ESD competencies include transformative pedagogies 
that promote proactive, interactive, and in-depth learning. In addition, pedagogy that 
is ESD aligned must support activities that are aligned with students’ experiences, 
and promote cooperative learning through group activities, allowing students to 
collaborate in doing investigations and completing academic discussions [3, 4]. The 
envisaged implementation of ESD and assumed students’ response aligns with the 
student’s ability to connect the acquired knowledge with inquiry characteristics such 
as critical thinking and exploration that promotes authenticity in knowledge produc-
tion. Research has shown that inquiry in learning designates a process where students 
explore situations to discover real-world facts that will aid in problem-solving 
[5–8]. In addition, research confirms that learning by inquiry to achieve authentic 
learning, promotes a sustainable practice of inquiry-based learning (IBL) that is 
student-centered, promotes students’ ability to ask critical questions as they learn, 
collect information, and examine it; produce solutions to problems, make decisions, 
rationalize conclusions, and take actions. The IBL-aligned teaching strategies engage 
students actively in an authentic scientific discovery process where they can identify 
the problem, explore the problem, and provide the solution [8]. IBL designates an 
appropriate skill for sustainable education.

Practices that involve learning by inquiry are possible through teaching, that is, 
through inquiry-based facilitation, teaching that orientates students to active think-
ing processes, how to think, and how to be thorough in critical thinking [7–10]. The 
inquiry-based driven teaching helps learners to inquire, formulate hypotheses, collect 
data, test the hypotheses, and ultimately formulate theories from their self-tested 
hypotheses. Such practices build mathematical resilience. Mathematical resilience 
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refers to a positive approach to learning mathematics that supports students to over-
come barriers they encounter when learning mathematics [11]. Considering this, this 
chapter refers to resilient ODeL mathematics education practices as students’ ability 
to adapt to challenging problem-solving processes through digital networks to acquire 
authentic critical thinking and maintain sound ethical practices. Even when problem-
solving seems difficult, resilient practices assist students in refraining from plagiariz-
ing, but resorting to self-directedness urging inquisitiveness through asking pertinent 
questions. Resilient practices complemented by authentic learning through inquiry 
contribute sustainable mathematics education practices, that can help students to 
thrive in societal spaces that have ample knowledge that can be effortlessly accessed 
through social and digital networks. Furthermore, mathematical resilience implies 
that students must approach mathematical problem-solving with confidence and 
persistence, including a willingness to research, reflect, and discuss [11]. Sustainable 
and resilient practices of learning enable students to maintain originality and cre-
ate authentic ideas out of the wide continuum of information they can access using 
digital technology.

2.2 The essence of digitalization in mathematics education

In education, digitalization refers to a process of translating text and images 
into a digital format that can be processed through a computer; and the tools for 
digitalization are outlined as computer, smartphone, internet, and more [12]. In 
addition, the ways of digitalization are outlined as sharing of online knowledge, 
digital support material, online social groups, and more [12]. Digitalization creates 
smart education systems, that can provide content around the world and create an 
interactive system for teaching and learning [13]. In addition, the authors argue that 
digitalization implicates an approach in artificial intelligence which is a mathemati-
cal code aligned with some algorithms; and can influence individuals’ thinking. 
Artificial intelligence in educational settings implies smart robots programmed as 
teachers [13, 14]; which probably provides ample knowledge that prohibits critical 
inquiry for both teachers and learners. Sustainable digitalization should prioritize 
digital transformation when the existing ways of sustainability yield low results. 
Mathematics education in diverse societies yields lower production in terms of 
knowledge sustainability for problem-solving skills that can be applied to ailing 
societies, economies, and environments. Exposure to the digital world with all 
relevant information, has turned individuals who learn into dependable individuals 
rather than individuals who are able to inquire and explore the existing and current 
to better their skills of critical thinking and knowledge creation. Hence, reliance on 
existing sources of information that are forever transforming destroys authenticity 
and creative thinking. I maintain in this chapter that digitalization should instead 
increase the abilities of knowledge creation for example, that the complementarity 
of humans and machines for the industry 5.0 paradigm is viable where humans 
can create information that they can use to operate machines for machines to yield 
advanced models that humans can explain and apply. From the wide spectrum of 
information that is obtained from knowledgeable others and digital networks, indi-
vidual students can apply inquiry-based practices of collecting information, exam-
ining, analysing, deducing, operating, and informing the machines with deduced 
data and allow the machines to act on the data to produce functional models. Such 
sustainable practices show resilience in the complementary role of an individual’s 
interaction with digital technology in knowledge production. In this way, resilience 
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yields authenticity impacted by understanding that digital transformation poses 
high demands of knowledge that will fit into the competitive social, economic, and 
environmental spaces we live in. Sustainable and resilient mathematics education 
practices of the digital era should not lead to despair and lack of thinking, but to 
integration that can enhance knowledge that is authentic to fit in the existing space 
of knowledge and strategies of realistic problem-solving.

2.3 The impact of digitalization on authentic learning

Authentic learning also referred to as deep learning, refers to engagement with 
diverse activities in learning, for example, reference to real-world problems with 
solutions, conducting case studies, learning through problem-based activities, and 
engagement in virtual communities of practice [10]. Relatively, authentic learning can 
be viable in mathematics education through usage of relevant authentic material. The 
probable authentic material for sustainable and resilient mathematics learning refers 
to modeling exercises that pose the real situation, thus learning in the real-world 
environment; ultimately, being able to analyse models and create real mathematical 
connotations [15–17]. Modeling in mathematics, that is, learning in the real world, 
creating and analysing models to create real-life models and new knowledge, contrib-
utes to autonomous and authentic learning. While the expectations are that authentic 
mathematics materials must improve knowledge-acquiring strategies to original strat-
egies where humans must be able to learn along and inform machines, things turn 
vice versa as in the digital era, humans retrieve knowledge from the machines and 
present it as their own. Digital learning turned out to be an opportunity for cheating 
[18] and reproducing knowledge. Digital transformation in authentic mathematical 
modeling is aligned with the usage of computers to handle models, though, such may 
not lead to sophisticated results. The implication is that where machines fall short, 
humans are supposed to interact and bring in their expertise to aid the machine. 
Considering this, it means authentic learning is essential for digital transformation 
to prepare the students for the demands of industry 5.0. The machine should not be 
used to plagiarize but to enhance knowledge and production for the sustainability and 
resilience in education, social and economic spheres.

2.4 Academic plagiarism in digitalized ODeL environments

Plagiarism refers to claiming false authorship of information, also intellectual 
theft [19]. Concerns are raised about academic plagiarism that it has spread in many 
educational contexts, and it is difficult to understand, fight, and detect [20]. This 
chapter looked at plagiarism in the ODeL contexts on assignments that are forma-
tive or continuous assessment tasks. Academic plagiarism is influenced by different 
practices, and such contribute to mathematics education learning practices that 
are unsustainable toward cognitive development. It is not always the case where 
plagiarism occurs because of deliberate cheating. According to, most students pla-
giarize because they lack understanding of different types of academic plagiarism, 
and skills to circumvent it [19]. Other causes were outlined as weak language and 
academic writing skills, saving effort, easy access to online resources, conventional 
assignments, types of assessment design executed, inadequate digital literacy, short 
timeframe, saving time, and challenge to balance personal, professional, and aca-
demic life [19–21]. The authors studied plagiarism and outlined the causes that align 
mostly with students’ practices, and facilitator practices that align with conventional 
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assignments and types of assessment design executed. In this chapter, I agree with 
the outlined causes, however, I emphasize that facilitation practice in the ODeL space 
needs to be transformed so that it supports students’ critical analysis of study material 
and the online information at their exposure.

2.5 Synthesis

Transformative pedagogies aligned with ESD as influenced by digitalization 
are bound to support sustainable teaching practices to empower students with 
sustainable learning practices for adaptation in the ever-increasing world of digital 
information. Facilitation of learning that relies on producing dependable students 
prohibits the ability to apply sustainable learning practices, therefore, contributing 
complete reliance on digital information and ultimately lack of academic integrity 
in knowledge creation. Figure 1 denotes the effects of sustainable and resilient 
practices through digitalization. In addition, the impact of digital dependability is 
outlined.

Sustainable learning practices inculcate skills, such skills build resilience char-
acteristics such as confidence, persistence, and willingness to research, reflect, and 
discuss (Figure 1). Attaining sustainable and resilient learning practices yields sus-
tainable digitalization that contributes smart education system for interactive learn-
ing and authenticity. Lack of sustainable and resilient practices produces reliance on 
digital information enhancing digital dependability and academic plagiarism.

3. Theory of the digital age

This report aligns the pragmatist view of inquiry with the sustainability and 
resilience of mathematics education practices. That is, subjective and objective 
practices combine to balance the act of inquiry. In narrating my experiences in the 
online classroom, I apply a pragmatic stance that sustainable mathematics educa-
tion is experimental, should contribute to change toward society and environment; 
and enable those who learn to operate actively at cooperative levels [7, 22]; and 

Figure 1. 
Effects of sustainable and resilient practices through digitalization. Source: Author.
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along the digital resources to solve common problems encountered. Considering 
this, subjective-objective social and individual cognitive networks remain essential 
in the establishment of sustainable resilient mathematics education practices. The 
pragmatic inquiry into learning mathematics should be enhanced by considering 
connectivism as a theory of the 4IR, that is, a theory of the digital age as discovered 
by Siemens (2004). Connectivism aligns with sustainability in the social context that 
is digitally orientated as it capitalizes on students’ abilities to “live, work and thrive 
in the interconnected community” [2]. The implications of the connectivism theory 
are that the objective of teaching based on the connectivism theory is to stimulate 
knowledge networks through modeling [2]. The theory of the digital age plays an 
essential role in network creation. I considered network creation from two points of 
view, that is, social networks and mental or cognitive networks. Connectivism theory 
asserts that acquiring knowledge is distributive, that is, it is everywhere through 
networks of connections established among society members, between individuals, 
organizations, and technology as a link to all [23]. In addition, the author argues that 
the characteristics of a successful network are connectivity, openness, autonomy, 
and diversity. Connection networks differ, some can be local connections, and some 
can go as far as world connections [23]. In such connections information is extensive 
and individuals can harvest as much information as they can. In terms of mental 
networks, connectivism as a theory of the mind bases natural connections on patterns 
that are both distributive and associative [23]; distributive in the neural system of 
the brain, and associative, where there is complementary interaction between two or 
more neurons. Within the social and mental or cognitive networks, several principles 
support connectivism (Table 1).

Furthermore, Siemens 2005 developed a connectivism framework that emphasizes 
the essence of internet technology in shaping the students’ thinking and in trans-
forming the way learning occurs. The connectivism framework recognizes students 
as digital natives whose learning depends on autonomy, connectedness, diversity, 
and openness. Therefore, the current study argues that connectivism is a guiding 
lens in an ODeL teaching and learning environment where students must be efficient 
users of digital resources, utilize the same resources to network, build online social 
relations or learning communities, and they must be able to connect with all sources 
of knowledge, acquire and build knowledge, and ultimately be able to expand their 
knowledge and share to contribute knowledge.

• Learning and knowledge rest in diversity of opinions.

• Learning is a process of connecting specialized nodes or information sources.

• Learning may reside in non-human appliances.

• The capacity to know more is more critical than what is currently known.

• Nurturing and maintaining connections are needed to facilitate continual learning.

• The ability to see connections between fields, ideas, and concepts is a core skill.

• Currency (accurate, up-to-date knowledge) is the intent of all connectivism learning activities.

• Decision-making is itself a learning process. Choosing what to learn and the meaning of incoming 
information is seen through the lens of a shifting reality. While there is a right answer now, it may be wrong 
tomorrow due to alterations in the information climate affecting the decision.

Table 1. 
Principles of connectivism. Source: Ref. [24].
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3.1 Sustainability and resilience in the interconnected digital community

In adaptation to social and mental networks for inquiry, the application of 
 sustainable practices for knowledge creation is essential. Sustainable learning prac-
tices ensure resilience in learning to enable students to advance sustainable decision-
making toward sustainable decision-making toward authentic knowledge creation 
(Figure 2).

In addition, it is necessary to maintain resilience to thrive in the interconnected 
community of learning. Figure 2 outlines the resilient learning practices as among 
others, the development of capacity to know more, thus acquiring more knowledge 
through research, reflection, and discussion. Such characteristics as those of resil-
ience enable connections and networks to accumulate the necessary knowledge. 
In essence, the connectivism characteristics support the notion that knowledge is 
distributive with technology as a link to all, requiring sustainable education practices 
is imperative through sustainable learning practices for students to advance interac-
tive learning systems.

4. Methodology

This report draws from the autoethnographic qualitative case-study inquiry into 
the ODeL mathematics education students’ interactive learning process. A case study 
in this chapter takes the form of a story that is enhanced by theory and practices 
aligned with the researcher’s experiences. In my story of analysing a case of interac-
tive learning in ODeL learning space, I share the self-observation notes I have drafted 
from the students’ practices in the interactive classroom; in addition, my notes are 
supported by analyses of students’ peer interactions in the interactive classroom, as 
well as inquiries directed through email to me as the facilitator.

Figure 2. 
Sustainability and resilience in the interconnected learning community. Source: Author.
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Autoethnography designates a qualitative research methodology utilized by 
researchers whose interest lies in narrative descriptions and evocations of the 
lived experience ([25], p. 8). In addition, autoethnography involves the author as a 
researcher crafting creative narratives shaped out of the author’s personal experiences 
within a culture and addressed to varied academic audiences. This report is based on 
the author’s experience as a mathematics teacher, facilitator, mathematics education 
practitioner and researcher in a blended teaching context. That is, a practitioner in 
both face-to-face as well as in open distance e-learning contexts.

The research field encompasses the interactive learning situation in an ODeL con-
text, including the students and the learning encounter. In autoethnographic research 
the researchers’ life experiences are the primary source of information, therefore, 
several ways can be incorporated into the data collection process [26]. The autoeth-
nographic researchers immerse themselves in the research field and record everyday 
occurrences in an in-person or online community ([27], p. 3). For example, data can be 
collected through (1) self-observations by taking ethnographic field notes; (2) self-
reflective data from the autoethnographic researcher’s journal of reflections related to 
the research; (3) use of pertinent and accessible data such as artifacts, documents, pho-
tographs, letters, and diaries [26]. In this autoethnographic research, data is collected 
from the interactive learning session; notes I have written from my lived experience in 
facilitating interactive learning, and commentaries in an ODeL interactive learning con-
text. Triangulation for quality control [26], was achieved in this research through several 
forms of inquiry into the case, mainly self-observation, analysing notes I have collected, 
and commentaries into the students’ online interactions and students’ individual queries 
seeking individual support to work and thrive in the interactive learning process.

Analysing data from autoethnographic study can be drawn from known qualitative 
analysis methods, for example through general descriptive qualitative research, narra-
tive strategies of analysis, ethnographic research analysis, and more [26]. I draw upon 
descriptive qualitative research analysis strategy and narrative thematic analysis in this 
chapter of data analysis. The thematic structure incorporated encompasses reports on 
occurrences in the interactive classroom, explanations, and descriptions of events. To 
apply ethics in autoethnographic research, it is essential the researcher focuses on own 
experiences and feelings, rather than characterization; and anonymity and confi-
dentiality through using pseudonyms must be maintained [26]. I base my arguments 
on my classroom experiences; there is no character in reference; the students are not 
characterized, and their names, qualification, specific module name, and code are not 
revealed in this chapter. Table 2 reveals my autoethnographic engagement.

Methodology and approach A qualitative case-study research inquiry into the ODeL learning process.

The ODeL Mathematics 
Education Facilitator

The autoethnographic researcher.

The research area Interactive learning situation involves the mathematics education student and 
the interactive learning encounter.

Data collection Data is derived from the facilitator’s notes and recollection of lived experiences 
and encounters in the interactive learning environment.

Reflexive writing A heuristic process where new insights emerge.

The case study A story that is theory-driven and that enhances theory.

Table 2. 
Qualitative, autoethnographic study.
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The reflexive writing of my lived experience encompasses a heuristic process, 
where prompts are used to arrive at new insights and judgment. I have drawn from 
my personal experience to describe, analyse, and interpret the ODeL mathematics 
education practice; and connect my insight to self-identity, traditions, and shared 
meanings [25].

5. Findings and discussion

I have been a life-long learner in mathematics and mathematics education, also, 
my orientation as a teacher has been on mathematics and related subjects. Therefore, 
I understand when students share the difficulty of studying mathematics and would 
want the teacher to be the knowledgeable other whom they must imitate in every step 
of problem-solving. Furthermore, I have read across research in mathematics educa-
tion that criticizes traditional teaching as the cause of failure in achieving the learning 
outcomes in diverse content areas in mathematics. Continual reliance on the teacher 
and exposure to rote learning, contribute to plagiarism at a later stage of studying. 
When the teacher can no longer play the know-it-all role, students use existing 
material and social networks to plagiarize. Even to this day, mathematics education 
practices are encouraging rote learning that is sustainable for a short period but 
cannot sustain knowledge for long-term memory. Resilience in learning mathematics 
is a factor that needs attention, to alleviate the challenges of short-term knowledge 
for promotion while knowledge cannot be sustained for contribution in development 
of real-life context to meet the human needs and wants. The case study findings are 
based on discussions about social and cognitive networking in an online classroom. I 
also discuss the shortcomings that transpire from an interactive learning system.

5.1 Social and cognitive networking in an online classroom

ODeL learning facilitation encompasses both closed practices that support 
individual learning and open practices that encourage learning networks through 
online collaboration and connections. Mostly, closed teaching practices that focus on 
individual students include fixed material like a direct study guide and prescribed 
textbooks with memory-related assessments. However, an open teaching system 
encourages networking where a learning group collaborates to explore concepts 
together to attain group competency which yields individual competency [28]. 
Furthermore, to enhance cognition, open teaching supports students to explore using 
diverse materials where they evaluate the excess information that exists in relation to 
the content at their exposure. This enables them to judge and make decisions about 
what they need to know, and what they already know, and determine new knowledge 
that must be declared.

To facilitate a learning network in an interactive classroom, I developed content-
based discussion forums where all students were encouraged to participate through 
mark allocation, where they all had an equal chance to throw in ideas about content-
related matters. Discussion forums are important in online classes to enhance 
interactions among students [29]. The social networking in an online classroom that 
I engaged students in had an instruction that students must complete some content-
based activities as (1) individuals and post activities in the forum; and some activities 
as (2) a team, collaborating to advance cooperative learning and read other groups’ 
posts and comment on the posts. Students were not grouped by the facilitator but 
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had to individually network within the module site to find a team to work with. The 
criteria for mark allocation in group work were (1) belonging to a group/finding 
a group, (2) cooperative skill collaboration to complete the activities; (3) posting 
teamwork—all activities completed and posted; and (3) participating in the class-
room discussion—individually reading three posts and commenting. The aim of a 
group form for networking was to enable students to share ideas and to learn from 
one another through collaboration in a specific group and through networking in the 
whole classroom. Individual posts were meant to assess (1) the student’s ability to 
access information individually, (2) their confidence to post their own ideas on the 
forum platform, and (3) cognitive networking abilities through finding and reading 
additional material to advance in-depth learning and integration of own experience.

5.1.1 Sustainable and resilient practices through digitization

Not all students can thrive in an interactive classroom though utilizing relevant 
gadgets to network and access diverse opinions to structure individual interactive 
depth learning for alignment with individual experiences. A total of 280 students 
enrolled and were part of the interactive online learning. However, 39% (110) of 
students did not post any individual work, were not traced in any group, they did 
not participate completely in the discussion forum or interactive learning. These 
students were found to have participated only in written assignments that demanded 
no sharing of information through the classroom social network. In such assign-
ments, the only source was found to be the material uploaded as a study guide and 
a prescribed book. In-depth learning was found to be lacking where students rely 
only on the material developed by the facilitator. The evidence was reliance on online 
material uploaded which prohibited IBL; lack of authenticity and creative learning 
and encouraged false authorship. Most students did not account for nor alert me of 
their challenges, other than one student who shared her frustration in a direct email 
to me stating: I understand the instructions of how the activities are done, but right now 
I am struggling to add my work in the discussion forum let alone create a group. Though 
I managed to guide the only student who shared her frustrations with me, I was 
concerned about the 109 students who were not sharing any challenge through any 
accessible platform, and who were nowhere to be found on the online platform. I had 
to conclude that perhaps they might be having gadget problems, digital literacy chal-
lenges, or a lack of confidence and persistence to identify themselves with the online 
community.

Of the 280 students who participated 61% (170) participated in either both group 
and individual activities or partially, in one activity. Table 3 shows the record of those 
who fully or partially participated in the interactive learning session.

Students (37%) worked hard to utilize the online interactive learning platform, 
to share ideas within the network, and to learn from the information shared by other 
students. This is relatively a major percentage in the group that participated through 
individual and group interaction. In the utilization of digital resources to participate 
in the interactive learning platform, 30% of students could not post attachments to 
display the graphics/pictures and diagrams they were supposed to share. This has 
shown that students still need digital literacy skills to partake fully in interactive 
learning, moreover, in an ODeL context. However, students had shown resilience 
through sharing what they could to be part of the online community. Within this 30% 
that were willing but experiencing challenges, some used email mode of communica-
tion to seek help from the facilitator. Table 4 outlines the students’ clarity-seeking 
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questions to enhance their knowledge of how to operate gadgets for participation in 
the interactive online learning platform.

The connectivism traits require efficient usage of technology to learn and share 
information and expand own knowledge. Inquisitiveness remains a basic character 
that drives an individual to develop persistence to want to know more. The students 
had shown resilient learning practices as they were willing to share their authentic, 
sketches, diagrams, and pictures.

In some instances, students have preferences, that is, work better as individuals 
than in a group. I have realized this from the 26% of students who were not belong-
ing to groups but completed all individual activities and shared them on the social 
platform. The students contributed to the network but seemingly lacked collaborative 
and teamwork skills. On the contrary, there were students who could participate in a 
group and their work posted on the interactive platform based on group efforts (7%). 
Students display cooperative learning skills and, ability to thrive in teamwork, how-
ever, lack confidence in what they know as individuals. Students could not persevere 
through a need to know more from their peers through network criticism and com-
ments. In the 26% that participated partially, no reasons were given for their failure to 
fully engage in the interactive classroom.

5.1.1.1 Critical peer analysis

Integration of students’ experience toward interactive learning accompanied by 
resilience through confidence in what one knows was evident in critical analysis of 
posted comments on peers. Comments have shown that within the network, compe-
tent students in diverse parts of the activity are able to share their expertise. Students 
alerted others of activities that were not well done. Table 5, outlines comments based 
on critical analysis and geared toward peer assistance.

The comments outlined in Table 5 were exposed for all to read. Firstly, the 
students who posted comments like those in Table 5 indicated that they are able to 
make decisions regarding what they learn, the ability to contrast among chunks of 
knowledge and how to apply; and see information learned as a lens of transformation. 

• I do not understand if we must type our work and upload it; if we must upload, how do we attach pictures of 
drawings?

• thanks for the clarity on how to post the assignment, but how do we post the diagrams?

• I do not understand clearly in terms of drawings; how are we going to draw; do we browse images and upload or 
how are we going to do it?

Table 4. 
Students’ challenges toward interactive online learning.

• 12 (7%) students did not post individual work but belonged to groups.

• 44 (26%) students completed the individual work but belonged to no group. 51 (30%) experienced some 
challenges and could not post attachments to display the graphics they were supposed to share.

• Only 63 (37%) of those who participated in the blog managed to successfully post all tasks including 
graphic attachments; and participated in groups.

Table 3. 
Students’ participation in the interactive session.
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Secondly, students who were part of the interactive classroom and could read com-
ments were able to expand their knowledge in the subject.

5.1.2 How interactive learning increase sustainable and resilient learning practices

In relation to connectivism, interactive learning becomes successful when the 
online learning environment is characterized by connectedness, authenticity, open-
ness, and diversity. The mentioned characteristics are possible to achieve when the 
interactive class facilitator enforces assessment or completion of activities that would 
need maximal usage of digital gadgets in networking, to learn through connecting, 
building, and expanding. Figure 3 shows the visual model of student’s interaction in 
an online interactive class for sustainable practices in relation to social and cognitive 
networking.

In relation to utilizing digital resources to access information, 61% have shown to 
have relevant gadgets and are able to perform some activity in an interactive online 
classroom, though the interaction or participation level was different (Cf Table 1). 
The students were active members of the digital society within their interactive 
classroom. In essence, a graded content blog motivated students and they were able to 
participate in their majority.

Reading others’ posts contributed toward knowledge improvement whereas peer 
feedback contributed to individual learning. Students learn to critique and analyse 
others’ work and to apply critical analysis and decision-making toward their learning. 
Group motivation and competency have been shown to enhance individual motiva-
tion and competency. Students were able to practice research and investigation skills 
to gather information to complete tasks in a strive to obtain allocated grades. Though 
more students were focused on obtaining allocated grades, sustainable and resilient 
practices were acquired through their participation in an interactive classroom. 
Ability to answer and post all questions shows that students read widely and were able 
to access information. Metacognition is another important factor that seemed to have 
developed as students engaged in groups. Students were aware of how they learned 
as they had to play a part in a group and were given the chance to determine their 
own way of learning. Authenticity is achieved, as students cannot plagiarize other 
student’s work and post on the same platform. Active engagement in open learning 
is essential to circumvent plagiarism. In essence, the student gained knowledge that 
they can incorporate into the wide spectrum of online information and learned how 
to incorporate the available and easily accessible online information into their own 
experiences to create their own knowledge. I aver in this chapter that students who are 

• Well done, your work is neat and well structured, however, you have left out activity 1.1.

• You made a numbering error. Your activity 1 answer should be activity 2 answer.

• Your work is good but information on drawing is missing. You have not included any diagrams as you are referring 
to them in the activity.

• Your explanation of visualization is good, also the example that you gave that learner learn by seeing, is good. 
However, you did not include any models for learners to see. Maybe you could use wood blocks of a square, 
rectangle, and circle. You could make learners see, and maybe invite others to demonstrate with the blocks to show a 
square, rectangle, and other figures.

Table 5. 
Interactive peer critical analysis.
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not inquisitive, who do not search for information and analyse it critically, and who 
cannot cope in social and cognitive networks resort to the only available source and 
resort to plagiarism which is a major challenge in the current digital era.

Inclusivity is fully achieved through engaging students in both closed and open 
online activities. Students who cannot cope with closed questions and individual work 
are included in open methods of assessment through connectivism. Table 6 outlines 
the characteristics that the online facilitator and learning to support sustainable and 
resilient 4IR learning practices that can equip the future workforce of the industry 5.0.

5.2 Shortcomings that emanate from interactive learning classroom

While other students’ comments show deep understanding of concepts and 
enlighten others, other students still comment for marks. A full mark could not 

4IR characteristics of 
online facilitation and 
learning

Effect on the 5IR space.

Connectedness An element of digitization.
Connects individuals to ample knowledge, to the world of knowledge and 
students advance knowledge integration.

Inclusivity Group identity and active online citizenship afford all a chance to belong, to 
learn from others, and to enlighten others through peer support.

Self-regulated learning Skills are attained through peer influence. Firstly group competency, group 
determination, and group cognition, then motivation to self-regulation, leading 
to individual competency, individual determination, and individual authentic 
cognition.

Peer support Should be maximized to create a supportive online interactive learning 
environment.

Peer feedback Yields deep knowledge of concepts substantive conversation and deep 
understanding that contribute toward intellectual quality.

Table 6. 
Sustainable and resilient ODeL facilitation and interactive learning practices.

Figure 3. 
Visual model for interactive learning.
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be allocated to a student who does not apply a critical analysis skill, for example, 
for comments like well done; you have done such a good work. In large classes, some 
students refrain from participating, looking at the 39% (110) students who did not 
participate at all in the assessment that required sharing work through the discussion 
forum. Such students relied on other assessments for their marks. This shows that if 
all assessments were based on open learning, students would be compelled to be part 
of the interactive classroom. There are students who seemed not to be confident as 
individuals but managed to work with the group and obtained a group mark while 
individual marks were lost. Quality of performance is still an issue that still needs 
attention from the tutor. Group work in other groups was not showing rigor, for 
example, a group discussed a concept only in one sentence or uploaded incorrect 
solutions to some problems. Though there are shortcomings realized, further research 
on total engagement of students in open learning is still necessary, to alleviate the 
problem of plagiarism that occurs through closed learning and adherence to only 
uploaded sources for acquiring knowledge. Sustainable and resilient ODeL facilita-
tion and interactive learning practices as in Table 6, are necessary toward supporting 
authentic learning in the 4IR era to build resilience and sustainability that is necessary 
for the industry 5.0 competency.

6. Conclusion

Authentic learning through critical inquiry, triggers creativity and critical think-
ing. These are attributes that align with 4IR practice to advance sustainable educa-
tion practices necessary for industry 5.0. In addition, the attributes that are aligned 
with academic norms and values ensure ethical practices and positive responses to 
digitalization. The students who learn in an ODeL institution are full-time on gadgets 
to build social and cognitive connections. Essentially, module facilitators in any 
ODeL context, including the mathematics education context, should strive to engage 
students to live, work, and thrive in an online classroom; and to let them connect to 
a wide range of knowledge received through social and cognitive networks based on 
ethical, sustainable, resilient practices to create own, new, and authentic knowledge.
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