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Abstract

This chapter explores the concept of Innovation 5.0, examining its consequences and
implementations within the context of Industry 5.0. We focus on four key perspectives:
technology integration, societal well-being, organizational adaptability, and sustainability.
Through a combined literature review and content analysis, we provide an overview of past
industrial revolutions and the subsequent evolution of innovation paradigms. This analysis
culminates in the emergence of Innovation 5.0, characterized by a shift towards an innovation
process that prioritizes human well-being, sustainability, and resilience. The chapter
contextualizes Innovation 5.0 through the sextuple helix model. This model expands upon the
conventional triple helix model by integrating civil society, environment, and media and ICT,
fostering a comprehensive approach to addressing contemporary challenges. This framework
emphasizes a human-centric perspective focusing on sustainability and adaptability, and

encourages collaboration among multiple sectors within the context of Industry 5.0.
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1. Introduction

The relentless advancement of the fourth industrial revolution (Industry 4.0), driven by digital
transformation has profoundly reshaped industries worldwide. Digital transformation refers to
the integration of digital technologies into all aspects of an organization, fundamentally altering
how businesses operate, deliver value, and interact with stakeholders (Vial, 2019). It
encompasses not only technological adoption but also cultural, organizational, and societal
shifts, enabling data-driven decision-making, enhanced customer experiences, and agile
business models (Hess et al., 2016). As the advent of the fifth industrial revolution (Industry
5.0) looms ahead, we anticipate the emergence of even more substantial transformations on a
global scale, bringing both exciting opportunities and significant challenges.

Nevertheless, this process is not taking place in a vacuum, unprecedented global challenges,
such as the extensive ramifications of the COVID-19 pandemic, which accelerated digital

transformation initiatives across sectors, and the ongoing conflict in Ukraine, have brought
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about an unparalleled degree of uncertainty and intricacy within the global economic
landscape. Consequently, organizations are obligated to embrace Industry 5.0 and reassess their
existing operational and strategic frameworks, leveraging digital transformation to adeptly
navigate these emerging realities effectively. This requires addressing not only technological
advancements but also broader societal, ethical, and environmental challenges. While Industry
5.0 promises greater human-centricity and sustainability, it also raises critical questions about
its feasibility and risks of unintended consequences, particularly when navigating geopolitical
instability and systemic inequality.

In this dynamic context, characterized by the rapid adoption and integration of digital
technologies and their transformative impact on innovation methodologies, ensuring
organizational sustainability has become paramount. To effectively navigate these challenges,
it is imperative for organizations to strategically align their innovation initiatives rooted in
digital transformation with a forward-thinking, but holistic approach that balances innovation
with societal well-being and long-term resilience. The alignment mentioned allows
organizations to effectively address the swiftly changing global context (Cui et al., 2015),
where it is of utmost importance to attain sustainability, resilience, and human centrism
(Ivanov, 2023). Organizations must embrace a proactive mindset and utilize innovation,
amplified by digital transformation, as a catalyst for facilitating beneficial transformations.
Recognizing the limitations of existing innovation models in addressing these complexities,
the advent of Industry 5.0 has underscored the need for a fresh perspective on innovation,
appropriately labeled as Innovation 5.0. This paradigm emphasizes resilience, sustainability,
and human-centered progress (Afzal et al., 2024), extending beyond the efficiency-focused
goals of Industry 4.0’s digital transformation. However, critical questions remain regarding its
implication and implementation. Further research is needed to explore the concept of
Innovation 5.0 and its practical implications (Daniel et al., 2020), particularly changes to
business model innovation, business processes, organizational culture, harmonizing
technological advancements, societal welfare, and organizational longevity (Srisathan et al.,
2022).

This chapter seeks to contribute to this dialogue by offering a conceptual framework for
Innovation 5.0 that emphasizes human-centric sustainability, adaptability, and resilience. To
achieve this, the chapter critically examines the evolution of industrial revolutions—from
Industry 1.0 to Industry 5.0—and their associated innovation paradigms, highlighting the role
of digital transformation as both an enabler and disruptor. It contextualizes Innovation 5.0

within the sextuple helix model, integrating civil society, the environment, and media and
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information communication technologies including the use of artificial intelligence alongside
traditional innovation drivers. This expanded framework reflects the need for inclusive,
interdisciplinary approaches to innovation that addresses contemporary challenges holistically
and equitably. By doing so, the chapter provides a balanced perspective on how Innovation 5.0
can support organizations in navigating the complexities of Industry 5.0 while avoiding the
drawbacks of technology-driven approach while harnessing the strategic potential of digital
transformation.

Background: The progression of industrial revolutions and innovation evolution

1.1.Industrial revolutions

The term “industrial revolution™ refers to a historical period of rapid industrialization and
technological advancement. The late 18th and mid-19th centuries saw significant
industrialization and technical growth, which led to the creation of this term. This first
industrial revolution shifted production and distribution from human labor to machine-based
manufacturing and entailed large socio-economic developments, including city expansion,
wage labor, and new transportation (Crafts, 2019). Industry 1.0 refers to the earliest stage of
industrial growth. During this first industrial revolution, water and steam power, and the
development of the steam engine and power loom, mechanized and transformed manufacturing
and transportation, creating textile mills, iron foundries, and other businesses (Crafts, 2019).
The second industrial revolution, also known as Industry 2.0, occurred in the late 19th and early
20th centuries. It was characterized by the advent of new technologies such as electricity, the
rise of mass production, and the development of the assembly lines, which transformed the
nature of manufacturing and led to significant improvements in productivity and economic
growth (Hobsbawm, 1996; Landes, 1969; Rifkin, 2011). The third industrial revolution, also
known as Industry 3.0, began in the mid-20th century and was marked by the emergence of
computers, automation, and digital technologies (Schwab, 2016). The fourth industrial
revolution, also known as Industry 4.0, refers to the current stage of industrial development
marked by the integration of advanced technologies such as the Internet of Things (IoT),
artificial intelligence (Al), and robotics (Jafari et al., 2022).

Industry 4.0's influence extends to other related neologisms with Extension 4.0 (Reischauer,
2018). This trend reflects a shift in cognitive patterns, where innovation strategies and
processes now encompass a broader spectrum of participants and drivers, signifying a more

comprehensive and inclusive approach to innovation (Straburger & Strassburger, 2019).



On the progression track of industrial revolution, the fifth industrial revolution, or Industry 5.0,
is emerging as a prospective evolution beyond Industry 4.0, which proposes a transformative
approach to manufacturing by integrating human skills and creativity into the production
process (Adel, 2022; Jafari et al., 2022; Pizon & Gola, 2023; Zizic et al., 2022). In addition to
that, Industry 5.0 aims to stress a human-centric approach, sustainability, resilience, and
collaboration, emphasizing minimal environmental impact, enhanced adaptability, and societal
well-being (Ivanov, 2023). The main challenges and significant voids that still entail its concept
are related to its aim of leveraging Industry 4.0 advanced technologies with human skills, such
as creativity and problem-solving, to deliver high-quality customized products, which makes
Industry 5.0 unique from its predecessor. The transition from Industry 4.0 to Industry 5.0
involves the inclusion of ethical, social, and environmental considerations to achieve
sustainable and responsible manufacturing (Jafari et al., 2022), as well as the shift from mass
production to customized production, where the focus is on customer-centric production rather
than cost optimization (Adel, 2022; Alves et al., 2023; Jafari et al., 2022; Maddikunta et al.,
2022).

1.2.Innovation evolution

Innovation has evolved extensively over time, shaped by shifts in economic, technological, and
societal landscapes. Early theories, such as Schumpeter's innovation theory (Schumpeter,
1934), emphasized the disruptive role of entrepreneurship and technological change.
Subsequent perspectives, including process and product innovation (Utterback & Abernathy,
1975), the product life cycle, and the knowledge base of innovation (Lundvall, 1992),
highlighted the dynamic and multifaceted nature of innovation. These frameworks underscore
that innovation is not a linear phenomenon but one shaped by complex interactions among
various actors and contexts.

More recently, helix models of innovation, particularly the triple helix model and its subsequent
extensions, have been employed to explore the interplay between academia, industry,
government, and other societal actors in fostering innovation. These models, especially
relevant for understanding Innovation 3.0 and beyond, provide a foundation for examining how
innovation ecosystems evolve to address emerging challenges. However, critiques of such
models suggest the need for a more inclusive approach that integrates societal, environmental,
and ethical dimensions, paving the way for discussions around Innovation 5.0 (Carayannis &

Rakhmatullin, 2014; Leydesdorff, 2000).



a) Innovation 1.0
Rooted in the first industrial revolution, Innovation 1.0 emphasized internal R&D and secrecy
to safeguard intellectual property. This model, characterized by incremental improvements,
dominated a period when industry operated in isolation from external collaboration (Herzog &
Leker, 2010). Innovation 1.0 or closed innovation was prominent during the first industrial
revolution, refers to an inward-focused approach to research and development, where
companies relied solely on internal resources to generate and commercialize ideas, products,
and technologies to ensure strict control over innovation processes and to protect intellectual

property (Hafkesbrink & Schroll, 2011).

b) Innovation 2.0
Introduced by Henry Chesbrough (2003), open innovation or Innovation 2.0 reflected the post-
World War II era’s demand for collaboration and knowledge sharing across organizations.
Firms recognized the value of integrating external knowledge to complement internal
resources, signaling a shift from insular approaches to cooperative innovation ecosystems
(Chesbrough & Vanhaverbeke, 2011). Open innovation arose in response to the growing
complexity of technologies and markets, highlighting the need for openness in innovation
processes. This paradigm shift, driven by external knowledge and collaborative strategies,
marked a departure from traditional, insular innovation approaches and paved the way for later
models like Innovation 3.0 (Chesbrough, 2003; Mutlu, 2013). While Innovation 2.0 fosters
external partnerships to augment internal capabilities, it lacks a clearly defined framework for
identifying and organizing the social units involved, making it less structured than subsequent

models.

¢) Innovation 3.0
Innovation 3.0, which is also known as embedded innovation, builds on both closed and open
innovation ideas to make a more complete, integrated, and long-lasting notion of innovation
(Horstmeier & Reichwald, 2006). It tries to overcome the limitations of outmoded closed
innovation models, which rely only on internal R&D and may not be able to keep up with
innovation through access to external expertise and resources, and of conventional open
innovation models, which rely on external innovation sources but may have problems
combining external knowledge with internal resources while preserving intellectual property
(Chesbrough, 2003; Hafkesbrink & Schroll, 2011). Combining the benefits of open and closed
innovation, firms can use internal and external expertise and resources while controlling

intellectual property and managing risks.



Innovation 3.0 is more structured regarding identifying key social units involved in the
innovation process, encompassing the utilization of the triple helix model of innovation that
explicitly defines some of these key societal units, which aim to foster collaboration
(Leydesdorff, 2000). The model encompasses academia, governments, and industries as the
main institutions accountable for innovation, with a strong emphasis on promoting responsible
and transformative innovation through collaborative and cooperative endeavors among these
entities. On this basis, embedded innovation practices demand consumers’ participation, long-
term links between value-creating agents, and the vital development of complementarities,
which plant the sustainable economies of the future (Costa & Matias, 2020). Moreover,
Innovation 3.0 incorporates the dimensions of corporate social responsibility and sustainability,
acknowledging the significance of ethical and environmentally conscious behaviors.
Embedded innovation allows companies to establish and manage their own innovation
ecosystems within the larger external innovation ecosystem, paving the way for the emergence
of the innovation ecosystem concept, which entails a dynamic network of organizations,
institutions, and individuals that collectively contribute to innovation activities and benefit
from them, reflecting the increasing recognition of collaborative relationships and interactions
between diverse innovation stakeholders.
(Riftkin, 2011)

d) Innovation 4.0
Innovation 4.0 supplements previously established innovation paradigms, being considered not
a substitute but rather a complement to the previous models (Costa & Matias, 2020). Innovation
4.0 places greater emphasis on the establishment of innovation ecosystems and the cultivation
of more varied collaborative relationships with external stakeholders. It encompasses a more
comprehensive and interconnected approach, involving not only academia, industry, and
government as main stakeholders in innovation processes. This integration of multiple actors
and considerations results in a more holistic approach to innovation.
There is not a single established helix model that directly corresponds to Innovation 4.0.
Instead, it is characterized by the strategic and technological integration of diverse actors, often
encompassing a broader perspective that acknowledges the complexity of modern innovation
ecosystems, and provoking the rise of more evolved and extended helix models. The strategic
and technological integration of all these actors is the main theme of Innovation 4.0 (Sikhwal
& Childs, 2018), including natural and social-ecological environments, which imply a broader

consideration of sustainability issues within innovation processes, and also encouraging



investments in corporate training and education, which give employees the skills and
knowledge they need to succeed in this new era of innovation (Costa & Matias, 2020).

The key components of Innovation 4.0 encompass innovation ecosystems, collaborative
relationships among a varied spectrum of stakeholders that entail co-creation and knowledge
exchange, a focus on continuous learning, corporate social responsibility, and the utilization of

advanced technologies for smart production.

2. Helix models of innovation and innovation evolution
As we move forward from the initial discussion of the helix model and its connection to
innovation ecosystems and the evolution of innovation, this chapter now dives deeper into the
specificities and evolution of helix models. These models provide a structured method for
depicting the primary entities within the innovation ecosystem and comprehending their
influence and role on innovation in a given context, symbolizing each “helix” as a different
actor (Streitz et al., 2022). Given the relevance of these models to understand innovation

evolution, the bases of the main helix models are described in this section.

a) Triple helix model

The triple helix model, which integrates academia, industry, and government, (Etzkowitz &
Leydesdorff, 1995) has been instrumental in conceptualizing innovation ecosystems and
fostering collaborations. However, the existing top-down triple helix model of innovation
systems has faced critiques for assuming linear and harmonious collaboration, overlooking
regional disparities, the complex interplay of societal and environmental factors, and the vital
role of entrepreneurs (Brannback et al., 2008; Cai & Etzkowitz, 2020). As innovation
ecosystems evolve to address increasingly interconnected challenges, more evolved
frameworks have sought to build on this foundation by incorporating additional actors and
dimensions.

In the triple helix model, the first helix, academia, symbolizes the presence and significance of
universities and research institutions in the innovation process. The academic sphere plays a
crucial role in the generation of novel knowledge through the undertaking of research and
development endeavors. Academic institutions facilitate an environment conducive to
innovation through the implementation of scientific inquiries, cultivation of creative thinking,
and the education and training of future innovators (Etzkowitz & Leydesdorff, 2000;
Leydesdorft, 2000).

The second helix corresponds to the presence of various industries and commercial enterprises.

Companies stimulate innovation by effectively transforming academic research into tangible



applications and commercially viable products or services. Organizations allocate resources
towards research and development endeavors, embrace novel technologies, and facilitate
economic expansion by means of commercialization (Etzkowitz & Leydesdorff, 2000;
Leydesdorft, 2000).

The third helix symbolizes government agencies and policymakers. Governments facilitate the
development of an enabling ecosystem for innovation by implementing policies, regulations,
and funding programs. The public regulations provide backing for research and development
initiatives and foster partnerships between academic institutions and industries to tackle
societal issues by means of innovative approaches (Etzkowitz & Leydesdorff, 2000;
Leydesdorft, 2000).

The triple helix model shows how important it is for the three helices to work together and
share their knowledge in order to get good results. This can lead to fostering innovation,
promoting economic growth, and advancing societal advancement. The basis for the concept
of Innovation 3.0 was the combination of closed innovation, open innovation, and the triple
helix model. This approach was also enriched by the integration of corporate social
responsibility (CSR) and some sustainability dimensions, which emphasize that organizations
should incorporate social and environmental issues into their innovation processes (Porter &
Kramer, 2007; Schaltegger & Wagner, 2011), as well as the focus on user-driven innovation
and the role of lead users to identify new market opportunities and drive innovation (von
Hippel, 2005).

Hafkesbrink and Schroll (2011) went a step further and explained Innovation 3.0 by linking
enterprises with community knowledge to learn together, stressing organization-community
information sharing, cooperation, and co-creation. Their study proposed a conceptual
framework for a better understanding of Innovation 3.0 and the presentation of Web 4.0
("symbiotic web") as a mechanism for enabling it. Web 4.0 is a transformative phase of the
World Wide Web that seamlessly integrates advanced technologies and the internet, enabling
users unprecedented control over data sharing and access, ultimately enhancing their
capabilities, facilitating decision-making, and contributing to overall well-being (Panwar et al.,
2022). These advances announced the evolution towards a new innovation approach, although
they overlook data integration, interoperability, and collaborative platforms, which are relevant

traits missing for a concrete definition of the next step in innovation evolution.



b) Quadruple helix model
The quadruple helix model introduced civil society as the fourth helix, signifying its pivotal
role in facilitating innovation. Civil society refers to non-governmental organizations,
community groups, citizens, and cultural and societal stakeholders who actively participate in
shaping innovation. This innovative framework underscores the essential integration of civil
society to foster and propel development across varied societal dimensions (Carayannis &
Campbell, 2009; Sikhwal & Childs, 2018). The significant role of civil society resides in their
location at the heart of innovation developments, as far as users or citizens own and drive the
innovation process for their involvement as lead users, co-developers, and co-creators

(Carayannis & Rakhmatullin, 2014).

¢) Quintuple helix model
The quintuple model adds another helix that concentrates on the environment in which society
operates, thus incorporating the ecological dimension into the innovation paradigm. The
incorporation of the environmental dimensions shows their importance as drivers of knowledge
production and innovation (Carayannis et al., 2012; Liyanage & Netswera, 2022), providing
information on the barriers and triggers of the natural environment and the natural resources of
the region for innovation (Carayannis & Rakhmatullin, 2014), and giving relevance to the

notions of social ecology, society-nature interaction, and socio-ecological transition.

d) Sextuple helix model

The sextuple helix model lacks substantial empirical research and a universally accepted sixth
helix within the framework of multi-helix models. Therefore, there is still some debate on the
most prominent new actors in current innovation ecosystems. Various perspectives have been
put forth regarding the sixth helix. One viewpoint suggests that it could be centered around
entrepreneurship, emphasizing the role of entrepreneurial endeavors in driving innovation
(Lopez-Rubio et al., 2021, 2022), although entrepreneurs could be considered a societal actor
and part of the industry unit. Another, more widely accepted view identifies media and
information and communication technology (ICT), including artificial intelligence (Al), as key
elements of the sixth helix. This perspective highlights how advancements in media, ICT, and
Al are reshaping innovation dynamics by enabling better data integration, enhancing
collaboration, and streamlining decision-making processes (Dwi Wahana et al., 2022; Fikri et
al., 2023).

Furthermore, the effective use of Al depends on the synergy between artificial and human

intelligence. For instance, crafting well-designed prompts to guide Al systems demonstrates



the essential role of human ingenuity in maximizing Al's potential. This integration

underscores the need for ongoing development in both technological capabilities and human

expertise to fully leverage Al in fostering innovation. This ICT and Al based approach seems

to concentrate more consensus given its more holistic and general scope. Figure 1 displays the

sextuple helix model, showing the inner knowledge economy core, composed of the three

traditional units, and the outer contextual actors of new innovation ecosystems.

Environment

Media & ICT Media & ICT

Government

Civil Society / \ Environment

Figure 1. Sextuple Helix Model

Source: Self-created using Smart Draw, derived from foundational concepts of Carayannis et al., (2012)

The wider spectrum of actors incorporated by the sextuple helix model can provide a systemic

approach to address multiple challenges, such as:

Increased collaboration: The addition of the sixth helix, media and ICT, allows us to
harness the power of communication in promoting collaboration among diverse
stakeholders, leading to more effective knowledge exchange and shared decision-
making (Godoe, 2014).

Regional innovation ecosystem: The model strengthens the focus on regional
innovation ecosystems by acknowledging the pivotal role of media. This recognition
allows for a more integrated approach to economic development and social progress,
as media plays a vital role in disseminating knowledge, fostering collaboration, and
promoting innovation within regional contexts (Heitor & Horta, 2015).

Social innovation ecosystems: The involvement of media and communication channels
in the sextuple helix model strengthens the foundation for solving social problems,

allowing innovations to reach more people, and providing a clearer social nature to
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innovation. This integration of media and communication not only acknowledges their
role in the model but also highlights their interdependence with different social systems,
shaping ecosystems of social innovation (Agostinho et al., 2019; Carvalho et al., 2019).

e Innovation in higher education: The model recognizes the impact of media and
culture/environment on higher education and emphasizes the need for a creative and
adaptable educational environment to provide training and education that support future
innovations (Almeida et al., 2020).

e Development of the knowledge-based society: The comprehensive perspective of the
sextuple helix model enables a deeper understanding of the interplay between academia
and media platforms and communication channels in the formation of a knowledge-
based society (Kebir et al., 2018).

e Triple Bottom Line: The sextuple helix model places significant emphasis on the
"Triple Bottom Line", which encompasses the holistic consideration of sustainability
within the social, economic, and environmental dimensions (Leal Filho et al., 2020).

While this approach aligns with Industry 5.0’s emphasis on human-centric and sustainable
innovation, it faces significant challenges. Critics of expanded helix models highlight potential
overlaps between helices, leading to ambiguity and theoretical dilution. Practical
implementation is also questioned, with concerns about how diverse actors and goals can be
effectively harmonized. Moreover, disparities in access to ICT resources and risks of
exacerbating inequality further complicate integration. The balance between inclusivity and
functionality is vital to ensuring that technology empowers rather than marginalizes

underrepresented groups (Rosenlund et al., 2016; Taratori et al., 2021).

3. Fifth industrial revolution and Innovation 5.0
According to Intra and Paxton (2020), the emerging concept of Industry 5.0 involves the
reconciliation of a focus on digital transformation as well as human centrism, introducing the
utilization of cutting-edge technologies like quantum computing, nanotechnology,
biotechnology, machine learning, deep learning, neural networks, and large natural language
models to solve human and social needs like the promotion of social inclusivity and
sustainability. This statement reflects the fundamental principles behind Industry 5.0, which
prioritize a human-centric perspective in the development and implementation of cyber-
physical cognitive systems. These systems refer to a group of cutting-edge technologies that
combine cyber, physical, and cognitive components, representing a new generation of

intelligent and adaptive systems that harness the power of digital connectivity, physical
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equipment, and sophisticated cognitive capacities, including artificial intelligence (AI). In
addition to human centricity, Industry 5.0 focuses on resilience, sustainability, and
environmental, social, and economic implications (Ivanov, 2023).

The development of Industry 5.0 brings a new era of innovation, also known as Innovation 5.0,
that aims to balance technological advancements with human values, ethics, and sustainability.
The focus is on creating innovative solutions that not only improve the efficiency and
productivity of businesses but also have a positive impact on society and the environment
(Nahavandi, 2019). The successful realization of innovation necessitates the effective
application and utilization of knowledge within and between organizations, fostering an
environment that is conducive to both, innovation, and entrepreneurship (Isenberg, 2010;
Osterwalder & Pigneur, 2010). Our conceptualization draws upon insights from open
innovation theory, which emphasizes the strategic disclosure of technological information as a
key mechanism for attracting and engaging diverse actors in the innovation ecosystem, thereby
accelerating the pace of innovation evolution (Gao et al., 2020; Gupta et al., 2017; Zhang &
Ming, 2023). The concept of Innovation 5.0 highlights the importance of knowledge sharing
through media and ICT within and among organizations, as it is the fundamental foundation
for promoting adaptable and sustainable innovation (Aslam et al., 2020; Nonaka & Takeuchi,
1995).

Innovation 5.0 takes part in wider movement that includes the “5.0” extension into varied
notions, like mobility, health, work, education, democracy, operator, society, government,
industry, leadership, energy, retail, or manufacturing, just to cite some of them, and which are
mostly oriented towards the integration of advanced technologies to obtain more sustainable,
equitable, and participatory societies. However, this ambitious vision raises important
questions on potential challenges, including the risks of technological overreach, ethical
considerations, and the need for inclusive frameworks to ensure that the benefits of these
innovations are equitably distributed.

Thus, most 5.0 concepts, whether developed or in the conceptualization stage, involve the
following dimensions:

e Human-centric: The “5.0” extension emphasizes the importance of putting human
needs, well-being, and experiences at the center of development. Digital transformation
can support this by leveraging technologies such as Al, IoT, and big data to create
personalized experiences, enhance collaboration, and foster creativity (Nahavandi,

2019).
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e Sustainable: Sustainability is a key aspect of the “5.0” extension, focusing on
addressing environmental challenges and promoting the responsible use of resources.
Digital transformation can contribute to sustainability through advanced technologies,
such as renewable energy systems, smart grids, and circular economy models, which
help optimize resource consumption and reduce waste (Xu et al., 2021).

e Inclusive: The “5.0” extension highlights the need to ensure that all members of society
can benefit from and participate in development. Digital transformation can support
this by promoting digital literacy, increasing access to education, healthcare, and
employment opportunities, and fostering social inclusion through digital platforms and
services (Carayannis & Rakhmatullin, 2014).

e Holistic approach: The “5.0” extension calls for a more integrated and holistic approach
to development, in which various sectors and stakeholders collaborate to address
complex challenges. Digital transformation can facilitate this by enabling data-driven
decision-making, fostering cross-sector collaboration, and connecting stakeholders
through digital platforms (Aslam et al., 2020).

e Resilience: This refers to highlighting the urgent need to strengthen the flexibility of
industrial output to a greater extent, fortifying it against possible interruptions, and
guaranteeing steadfast support for vital infrastructure during crises such as the COVID-
19 outbreak or the Ukraine war (Xu et al., 2021).

In short, the “5.0” extension can be associated with the concept of digital transformation,
highlighting the significance of digital technologies in fostering societies that prioritize human
well-being, sustainability, and inclusivity. This approach promotes the utilization of
sophisticated technologies to tackle societal challenges and enhance the well-being of
individuals and communities. The inclusion of these elements in the “5.0” extension signifies
a paradigm shift that transcends mere technological progress, encompassing a more
comprehensive evaluation of the societal implications of digital transformation.

Drawing upon previous research on the evolution of innovation from Innovation 1.0 to
Innovation 4.0, and taking into account the significant previous academic contributions in
relation to the advancement of next-generation innovation (Carayannis & Campbell, 2021;
Carayannis & Rakhmatullin, 2014; Chesbrough, 2003; Dodgson et al., 2014; Hafkesbrink &
Schroll, 2011; Streitz et al., 2022), it can be concluded that the concept of Innovation 5.0
represents a paradigm shift towards fostering innovations characterized by adaptability,

resilience, and the capacity to flourish in the face of disruptions, uncertainties, and changing
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conditions, while emphasizing the broader incorporation of social units. Due to the profound
influence of media and ICT in modern innovation landscapes and considering their relevance
in an era where technologies play an unprecedented role in shaping various aspects of society,
including economic, cultural, and social dimensions (Dwi Wahana et al., 2022; Fikri et al.,
2023), media and ICT emerge as a dynamic force driving innovation, and we endorse its
inclusion as another actor in the multi-helix models (Dwi Wahana et al., 2022; Fikri et al.,
2023). By incorporating media and ICT as a distinct helix, the model recognizes its status as
an integral and indispensable component, alongside academia, industry, government, civil
society, and the environment, in shaping the innovation ecosystem. This recognition highlights
the necessity to understand, integrate, and collaborate with media and ICT as a key player,
reflecting the model’s responsiveness to contemporary shifts in innovation dynamics. This
addition broadens the scope of social unit participation and contributes to the cultivation of
resilient innovation.

Table 1 elucidates the evolution of Innovation 5.0 in relation to its preceding generations of
innovation, considering the fundamental principles of the different innovation systems
established by various researchers.

Table 1. Features of innovation systems: From Innovation 1.0 to Innovation 5.0

Innovation Industrial Focus Relevant Primary Social
Level Epoch Helix Objective Inclusion
Model
Innovation 1.0 | First Industrial | Inward and | None Efficiency Information
Revolution Linear Dissemination
Innovation 2.0 | Second Outward and | None Engagement | Consultative
Industrial Collaborative Approach
Revolution
Innovation 3.0 | Third Outward and | Triple Synergy Co-Design
Industrial Integrated Helix Endeavors
Revolution
Innovation 4.0 | Fourth Outward and | Quadruple | Sustainability | Co-Creative
Industrial Semi-Holistic | and Endeavors
Revolution Quintuple
Helix
Innovation 5.0 | Fifth Industrial | Outward and | Sextuple Adaptability | Co-Resilience
Revolution Societal- Helix Strategies
Centric

Source: Self-elaborated using foundational concepts of Hafkesbrink and Schroll (2011) and Streitz (2022)

The first iteration of innovation, referred to as Innovation 1.0, is characterized by an internal
and sequential approach that places significant emphasis on optimizing efficiency and

facilitating the spread of information. During the second industrial revolution, Innovation 2.0
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emerged as a more outward and collaborative approach, emphasizing engagement and a
consultative methodology. As society progresses towards Innovation 3.0 within the context of
the third industrial revolution, the prevailing approach shifts towards an outward and integrated
perspective. This approach is distinguished by the pursuit of synergy and collaborative design
efforts, as facilitated by the triple helix model. The fourth industrial revolution, corresponding
to Innovation 4.0, places emphasis on external factors and takes a partially holistic approach.
Sustainability is a central aspect, and collaborative efforts are facilitated by the quadruple and
quintuple helix models. In the context of the fifth industrial revolution, Innovation 5.0 adopts
a societal-centric approach that emphasizes the use of cutting-edge technologies for enhancing
adaptability and co-resilience strategies. This approach is aligned with the sextuple helix

model.

4. Conclusion

This chapter embarked on a journey through the evolution of innovation paradigms, navigating
the landscape of past industrial revolutions and their corresponding innovation models. This
analysis illuminated the emergence of Innovation 5.0, a paradigm intrinsically linked to
Industry 5.0, and characterized by its focus on adaptability, resilience, and human-centric
sustainability. These core principles equip organizations with the necessary tools to navigate
the complexities and uncertainties of Industry 5.0, fostering long-term success. To
comprehensively analyze Innovation 5.0, we utilized the sextuple helix model, a novel
framework that expands upon the traditional triple helix model by incorporating civil society,
the environment, and media and ICT. This inclusive approach underscores the importance of
collaboration between diverse stakeholders, fostering a dynamic and interconnected ecosystem
for innovation.

In light of the intricate relationship between Industry 5.0 and Innovation 5.0, a clear message
emerges: organizations must embrace a human-centric approach to innovation, prioritizing
sustainability, adaptability, and societal well-being, leveraging media and ICT. By adopting
the principles of Innovation 5.0 and fostering collaboration within the framework of the
sextuple helix model, organizations can position themselves at the forefront of innovation and
contribute to building a sustainable and inclusive future.

This chapter offers a conceptual approach for a better understanding of the notion of Innovation
5.0, but it is not exempt of limitations. Firstly, it is important to recognize that our analysis
operates primarily within the framework of open innovation theory. As such, it provides a

representative narrative focused on this lens, which inherently excludes other historical or
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alternative perspectives on innovation. Secondly, assessing Innovation 5.0's effectiveness in
different organizational contexts, it may be difficult to isolate its impact from other
organizational changes or biases in measuring "resilience" or "human-centricity". Thirdly,
Innovation 5.0 frameworks may struggle to balance generality and industry-specificity. Lastly,
Innovation 5.0 implementation may face resistance to change, resource constraints, or technical
issues. Failure to capture sector dynamics or comparable data may also hinder implementation
analysis across industries. Innovation 5.0 ethics must address data privacy, regulatory changes,
and environmental impacts.

Future research should address several key areas to overcome these limitations. First, future
studies could broaden the scope of analysis by exploring how different innovation paradigms,
beyond open innovation theory, have evolved historically and intersected with societal,
technological, and economic changes. Second, measuring Innovation 5.0's impact on
adaptability, resilience, sustainability, and human-centricity across organizational contexts.
Third, creating frameworks for Innovation 5.0 and Industry 5.0's unique needs and
complexities. Lastly, exploring ways organizations can integrate Innovation 5.0 principles of

human-centricity, sustainability, and resilience.
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