)
i

= future internet ﬁw\p\py
F

Article

Toward the Theoretical Foundations of Industry 6.0: A
Framework for AI-Driven Decentralized Manufacturing Control

Andrés Fernandez-Migue

1 1,2

, Susana Ortiz-Marcos 3, Mariano Jiménez-Calzado 3,

Alfonso P. Fernandez del Hoyo !, Fernando E. Garcia-Muifia 2(” and Davide Settembre-Blundo 1-4*

check for
updates
Academic Editors: Filipe Pereira and

Paulo Leitao

Received: 25 August 2025
Revised: 25 September 2025
Accepted: 1 October 2025
Published: 3 October 2025

Citation: Ferndndez-Miguel, A.;
Ortiz-Marcos, S.; Jiménez-Calzado, M.;
Fernéndez del Hoyo, A.P.;
Garcia-Muina, FE.;
Settembre-Blundo, D. Toward the
Theoretical Foundations of Industry
6.0: A Framework for Al-Driven
Decentralized Manufacturing Control.
Future Internet 2025, 17, 455.
https://doi.org/10.3390/£i17100455

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/lice
nses/by/4.0/).

Faculty of Economics and Business Administration (ICADE), Comillas Pontifical University,

28015 Madrid, Spain; afmiguel@icade.comillas.edu (A.F-M.); fdelhoyo@icade.comillas.edu (A.PF.d.H.)
Department of Business Administration (ADO), Rey Juan Carlos University, 28933 Madrid, Spain;
fernando.muina@urjc.es

3 School of Engineering (ICAI), Comillas Pontifical University, 28015 Madrid, Spain;
sortiz@iit.comillas.edu (S.0.-M.); mjimenez@icai.comillas.edu (M.].-C.)

Innovability Unit, Gresmalt Group, 41049 Sassuolo, Italy

*  Correspondence: dsettembre@comillas.edu

Abstract

This study advances toward establishing the theoretical foundations of Industry 6.0 by
developing a comprehensive framework that integrates artificial intelligence (AI), de-
centralized control systems, and cyber—physical production environments for intelligent,
sustainable, and adaptive manufacturing. The research employs a tri-modal methodology
(deductive, inductive, and abductive reasoning) to construct a theoretical architecture
grounded in five interdependent constructs: advanced technology integration, decentral-
ized organizational structures, mass customization and sustainability strategies, cultural
transformation, and innovation enhancement. Unlike prior conceptualizations of Industry
6.0, the proposed framework explicitly emphasizes the cyclical feedback between innova-
tion and organizational design, as well as the role of cultural transformation as a binding
element across technological, organizational, and strategic domains. The resulting frame-
work demonstrates that Al-driven decentralized control systems constitute the cornerstone
of Industry 6.0, enabling autonomous real-time decision-making, predictive zero-defect
manufacturing, and strategic organizational agility through distributed intelligent con-
trol architectures. This work contributes foundational theory and actionable guidance
for transitioning from centralized control paradigms to Al-driven distributed intelligent
manufacturing control systems, establishing a conceptual foundation for the emerging
Industry 6.0 paradigm.

Keywords: Industry 6.0; theoretical foundations; Al-driven control systems;
decentralized manufacturing; cyber-physical systems; intelligent automation; Industrial
Internet of Things; smart manufacturing; sustainable production; mass customization;
manufacturing paradigm

1. Introduction

Establishing the theoretical foundations of Industry 6.0 requires understanding how
the convergence of artificial intelligence (Al) and cyber—physical control systems is funda-
mentally transforming industrial manufacturing, driving evolution beyond established
paradigms toward unprecedented levels of intelligent automation and sustainable produc-
tion. Recent decades have witnessed accelerated industrial transformation through various
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evolutionary stages, culminating in the emerging concept of Industry 6.0 [1]. Following
the digital transformation of Industry 4.0 [2], characterized by cyber—physical systems
integration and intelligent automation, and the human-centric approach of Industry 5.0 [3],
which emphasizes collaborative human-machine interaction and sustainability-oriented
manufacturing, Industry 6.0 represents the next evolutionary paradigm that fully integrates
Al-driven control systems with sustainable production environments [4]. Importantly,
Industry 5.0 should not be understood as a concluded paradigm but as an ongoing research
and policy agenda with early industrial implementations. In this respect, our framework
positions Industry 6.0 as an emerging and complementary paradigm that extends, rather
than replaces, the principles of Industry 5.0. Industry 6.0 represents the cognitive man-
ufacturing paradigm where knowledge is transformed into autonomous “thought-like”
decision-making capabilities through Al-driven systems that exhibit cognitive functions
such as learning, reasoning, and adaptive problem solving. Unlike the data-centric ap-
proach of Industry 4.0 or the knowledge-collaborative focus of Industry 5.0, Industry 6.0
establishes cognitive manufacturing systems capable of autonomous strategic thinking,
operating within cyclical feedback loops between technological cognition, organizational
intelligence, strategic adaptation, cultural evolution, and continuous innovation. This
cognitive dimension, combined with the cyclical interdependence of constructs rather than
linear technological advancement, constitutes the paradigm’s distinguishing theoretical
foundation and primary contribution to manufacturing theory.

Originality and Contribution of the Framework

The originality of the proposed framework lies in how it advances beyond existing
Industry 4.0 and 5.0 conceptualizations. Whereas Industry 4.0 has largely been framed
around cyber—physical integration and centralized digital efficiency, and Industry 5.0 has
focused on human—machine collaboration and sustainability awareness, our framework
introduces two key contributions. First, it highlights the cyclical feedback loops across
technological, organizational, strategic, cultural, and innovation constructs, moving away
from linear or siloed representations that dominate previous models. Second, it identifies
cultural transformation as a binding element that systematically connects all dimensions,
rather than treating culture as a background condition or maturity stage.

These contributions position Industry 6.0 not as a replacement but as a theoretical
extension of previous paradigms, integrating dispersed elements of the literature [1,3,5] into
a coherent and systemic architecture. This integrated approach, illustrated in Table 1 and
further developed in the conceptual models, underscores the novelty of our contribution to
both academic debate and managerial practice.

Industry 6.0 can be understood as a cognitive manufacturing paradigm in which Al-
driven systems and distributed control architectures transform knowledge into autonomous
and adaptive decision-making capabilities. The model is cyclical and interdependent:
advanced technology integration (Al and IIoT) reconfigures organizational structures
(decentralization), enables strategies that combine mass customization and sustainability,
requires continuous cultural transformation, and fosters proactive innovation. Innovation,
in turn, feeds back into technology and organizational structures, closing the loop.

Unlike prior conceptualizations that emphasize primarily techno-centric [6] or human-
centric [7] and sustainability-oriented [8] perspectives, our definition explicitly stresses
the systemic feedback loops and the binding role of cultural transformation as distinctive
contributions. This working definition also provides the interpretative lens for Table 1,
which summarizes how Industry 6.0 extends and integrates the main epistemological,
organizational, and strategic features of Industry 4.0 and 5.0.
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Table 1. Distinctive Characteristics Across Industrial Paradigms.

Dimension Industry 4.0 Industry 5.0 Industry 6.0
Epistemological Data collection Information to Knowledge to
Foundation and processing knowledge transformation  cognitive “thought”

Primary Focus
Decision-Making

Organizational Structure

Strategic Orientation

Cultural Foundation
Innovation Pattern

Theoretical Novelty

Operational efficiency
through digitalization

Data-driven with
human oversight

Traditional hierarchies
with digital tools

Cost reduction
and efficiency

Process
optimization culture

Technology-driven
improvements

CPS and IoT integration

Human-machine
collaborative knowledge

Knowledge-based human-
machine collaboration

Enhanced collaboration
within existing structures

Customization with
sustainability awareness

Human-centric
collaborative values

Collaborative
knowledge innovation

Human-centricity in
knowledge work

Cognitive

manufacturing systems
Autonomous cognitive
decision-making
Cognitively enabled
decentralized architectures

Cognitive mass
customization—
sustainability integration

Continuous
cognitive transformation

Autonomous cognitive
innovation loops

Cyclical cognitive feedback
between all constructs

This transformation toward intelligent control systems and decentralized manufactur-
ing architectures [9] aligns with the growing need for organizational resilience, adaptation
to rapid change, and flexible responses to external disruptions, as demonstrated by the
COVID-19 pandemic [10]. The pandemic served as a catalyst for Industry 6.0 advancement,
exposing vulnerabilities in traditional manufacturing control systems and highlighting the
critical importance of cyber—physical systems capable of autonomous decision-making [11].
The imperative to respond rapidly to supply chain disruptions and dynamic market con-
ditions has accelerated the integration of artificial intelligence and Industrial Internet of
Things (IIoT) technologies to create more resilient and adaptive manufacturing ecosystems.
These enabling technologies, foundational in Industry 4.0 [12] and 5.0 [13], have evolved
in Industry 6.0 to enable predictive analytics, autonomous optimization, and real-time
adaptability, establishing a robust foundation for sustainable long-term manufacturing
resilience [14].

This research addresses the growing need for intelligent and adaptive control architec-
tures in modern manufacturing environments. Building on the technological foundations
of Industry 4.0 [15] and the human-centric principles of Industry 5.0 [16], the proposed
framework explores how artificial intelligence, and decentralized decision-making can
converge to create resilient, sustainable, and highly customized production systems. By
focusing on distributed control, predictive optimization, and real-time adaptability, this
study positions Industry 6.0 as an evolutionary step that integrates advanced technologies
with organizational and cultural transformation, offering a structured approach to guide
both academic inquiry and industrial practice.

Industry 6.0 fundamentally redefines manufacturing paradigms, moving beyond the
standardized mass production of the 20th century and transcending the limited customiza-
tion capabilities of Industry 4.0 and 5.0 [5]. The paradigm prioritizes mass customization
integrated with sustainability principles, compelling organizations to develop strategies
that seamlessly combine operational flexibility with environmental responsibility. Contem-
porary consumers, increasingly conscious of environmental impacts, demand personalized
products that align with sustainability imperatives [17]. Manufacturing organizations must
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consequently adopt intelligent control systems that optimize efficiency and customization
while minimizing environmental footprint, making circular production and responsible
resource management integral components of smart manufacturing strategies [18].

A defining characteristic of Industry 6.0 is its commitment to achieving zero-defect
manufacturing environments through predictive analytics and Al-enabled quality con-
trol systems, extending and revolutionizing the quality objectives of previous industrial
paradigms [19]. This ambitious goal necessitates advanced integration of monitoring
technologies, cyber—physical systems, and predictive algorithms that proactively elim-
inate defects while optimizing product quality and sustainability outcomes [20]. The
zero-defect approach compels organizations to fundamentally restructure both production
processes and organizational architectures, creating more dynamic, responsive systems
focused on continuous improvement and autonomous optimization. This comprehensive
transformation represents a strategic paradigm shift that embraces integrated quality and
sustainability management through Al-driven control systems, positioning Industry 6.0 as
the cornerstone of modern intelligent manufacturing strategies [21].

Despite extensive literature documenting Industry 4.0 and 5.0 impacts, three critical
theoretical gaps persist that justify the cognitive manufacturing paradigm of Industry
6.0. First, existing frameworks treat technological, organizational, strategic, and cultural
dimensions as independent variables rather than cyclically interdependent constructs
enabled by cognitive systems. Second, while Al and cyber—physical systems have been
extensively studied as data processors (4.0) and knowledge enablers (5.0), their evolution
toward cognitive “thought-like” capabilities that fundamentally reconfigure organiza-
tional DNA remains theoretically underdeveloped [22]. Third, the integration of mass
customization and sustainability as mutually reinforcing strategic imperatives, enabled
by cognitive decision-making systems rather than competing human-managed objectives,
lacks a theoretical foundation. These gaps necessitate a comprehensive cognitive manufac-
turing framework that explicates the cyclical relationships between constructs, positioning
cultural transformation as the binding element that enables continuous cognitive organiza-
tional evolution [23]. Additionally, although zero-defect concepts have been discussed in
manufacturing literature, limited research has investigated the long-term organizational
and cultural implications of implementing Al-driven zero-defect environments on strategic
transformation and innovation capabilities [24].

The lack of a standardized definition of Industry 6.0 reinforces the motivation for this study.
Existing works offer heterogeneous and sometimes conflicting descriptions [1,13,20], with
some emphasizing techno-centric perspectives and others human-centric or sustainability-
driven orientations. In this fragmented landscape, developing a coherent theoretical
foundation becomes essential for guiding both academic debate and managerial practice.
Our framework does not attempt to impose a definitive definition of Industry 6.0; rather, it
integrates dispersed elements into a systemic and cyclical architecture that clarifies how
technologies, strategies, and cultural drivers interact to form a distinct industrial paradigm.

Given these gaps, the following research questions arise:

e RQI1: How does Industry 6.0 influence the structure and strategy of
industrial organizations?

e RQ2: What organizational structures are best suited to support the decentralized
decision-making and integration of advanced technologies foreseen by Industry 6.0?

e RQ3: How can organizations develop strategies that effectively balance mass cus-
tomization and sustainability within the Industry 6.0 model?

e RQ4: What are the cultural and strategic implications of a zero-fault environment,
and how does it affect continuous innovation and incremental improvement in
industrial organizations?
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2. Methodology

This research adopts a systematic and epistemologically rigorous methodology, inte-
grating deductive [25], inductive [26], and abductive [27] reasoning across distinct phases
to build a comprehensive theoretical framework for Industry 6.0.

In the deductive phase, we developed research propositions from an extensive review
of literature covering Industry 4.0 and 5.0 paradigms, as well as emerging contributions on
Industry 6.0 [28]. Key theoretical constructs and principles were identified to shape initial
assumptions about organizational, cultural, and technological changes.

The inductive phase involved analyzing systematic reviews and recent empirical stud-
ies to detect gaps in the existing knowledge base [29]. We clustered these gaps into thematic
areas such as (i) cultural implications of zero-defect manufacturing, (ii) the integration of
sustainability into control systems, and (iii) decentralized decision-making in Al-driven
environments. From these clusters, additional propositions were formulated to address
overlooked or underexplored aspects.

Finally, the abductive phase connected these constructs into a unified theoretical
model [30]. Abduction was operationalized through inference-to-the-best-explanation: iter-
ative cycles of reasoning linked empirical anomalies and conceptual gaps to new theoretical
relationships. For instance, the absence of explicit cultural considerations in zero-defect
literature was abductively explained by integrating a construct on cultural transforma-
tion. This process strengthened the internal logic of the framework by aligning theoretical
insights with emerging industrial practices.

Overall, this tri-modal reasoning approach ensures that the proposed model is both
conceptually rigorous and grounded in empirical relevance. Deduction provided theoretical
grounding, induction revealed knowledge gaps, and abduction allowed for the creative
integration of constructs into a holistic model of Industry 6.0.

3. Industry 4.0 to 6.0: Theoretical Foundations and Strategic Adaptations
3.1. Moving from Industry 4.0 to 6.0

The progression from Industry 4.0 to Industry 6.0 reflects profound changes in techno-
logical integration, organizational design, and strategic orientation. Industry 4.0 introduced
cyber-physical systems (CPSs) and the Internet of Things (IoT), creating a foundation for
digital automation and efficiency gains [31]. However, decision-making largely remained
centralized, limiting flexibility and responsiveness [32]. As a result, the potential benefits
of these new technologies for agility and adaptability were not fully realized [33]. Industry
5.0 expanded this paradigm by emphasizing human-machine collaboration, personaliza-
tion, and initial steps toward sustainability [34]. Yet, structural change was modest, with
organizations maintaining traditional hierarchies that restricted agility [35,36]. Based on
these findings and comparisons, the following considerations can be made:

o P1: The integration of cyber—physical systems and 10T in Industry 4.0 laid the foundation for
digital automation but maintained centralized organizational structures and strategies focused
on efficiency [31,32].

o P2: The transition to Industry 5.0 introduced human—machine collaboration, improved person-
alization capabilities, and began to incorporate sustainability, but without significant changes
to organizational structures [34,36].

By contrast, Industry 6.0 [5] builds on these advances with the integration of artificial
intelligence (AI) and the Industrial Internet of Things (IloT) to enable autonomous systems
and decentralized decision-making [37]. Business strategy is reoriented around the dual
imperatives of mass customization and sustainability [38,39]. Based on these observations
and comparisons, the following propositions can be formulated:
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e P3: The evolution towards Industry 6.0 involves significant technological advances with Al
and IloT enabling autonomous systems, requiring decentralized organizational structures to
fully exploit these technologies [5,37].

o  P4: In Industry 6.0, the business strategy focuses on mass customization and sustainability
as central objectives, building on the personalization of Industry 5.0 and addressing the
limitations of efficiency-focused strategies of Industry 4.0 [38,39].

Crucially, Industry 6.0 requires a cultural transformation that embeds continuous
improvement and sustainability as organizational values [40]. In our framework, cultural
transformation is not addressed as a generic change initiative but as a structural binding
construct that systematically connects technological integration, decentralized organiza-
tional forms, strategic orientation, and innovation. Unlike Industry 4.0 and 5.0 maturity
models, where culture is treated as an enabling factor or peripheral dimension [41], Indus-
try 6.0 positions cultural transformation as both an outcome of cognitive manufacturing
(e.g., zero-defect learning environments, sustainability-driven values) and a precondition
for its consolidation. This cultural dimension, functioning as the connective tissue of the
paradigm, also enables organizations to leverage advanced analytics and autonomous
systems to drive proactive, data-driven innovation [42]. Based on the above findings and
comparisons, we can state the following;:

e P5: Cultural change is essential in Industry 6.0, fostering a culture of continuous improvement
and sustainability values, moving beyond the process optimization culture of Industry 4.0 and
the human-centric focus of Industry 5.0 [40,43].

e P6: Innovation in Industry 6.0 will be proactive and data-driven, enabled by advanced analytics
and autonomous systems, leading to continuous improvement in strategy and technology
adoption [42].

This set of propositions highlights where our framework advances beyond existing
conceptualizations: the cyclical feedback between innovation (P6 — C5) and organiza-
tional/technological design (C1, C2) and the role of cultural transformation (P5 — C4)
as a structural connector. These features constitute the main theoretical novelty of
our approach.

3.2. Technological Integration in Industry 6.0

Technological integration is a core element of Industry 6.0, characterized by the im-
plementation of advanced technologies such as artificial intelligence (AI) [44] and the
Industrial Internet of Things (IloT) [45], alongside a strong commitment to sustainability
across the entire production cycle. These systems drive improvements in operational effi-
ciency and expand flexibility, enabling organizations to respond quickly to market shifts
and environmental challenges [46].

Industry 4.0 focused on digitization and automation using cyber—physical systems
and IoT, aiming to create smart factories that increase productivity and efficiency [47].
Although Al and IoT were introduced to automate workflows and enable data collection,
human decision-making remained central, and sustainability was not yet a priority [48].
With Industry 5.0, there was a clear convergence between technological sophistication and
human critical thinking [49]. This development led to more customized products [50], and
while sustainability entered the conversation, it was not fully integrated into operational
frameworks [51].

Industry 6.0 marks a decisive shift. It embeds autonomous and intelligent resource
management into a holistic, sustainability-focused approach [52]. Artificial intelligence
enables systems to learn from data and make independent decisions, enhancing precision
and reducing the need for human intervention [53]. The IIoT supports real-time data ac-
quisition, allowing equipment within Industry 6.0 environments to act autonomously [54].
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Continuous monitoring helps organizations track operations, identify areas for improve-
ment, and anticipate challenges. This methodology ensures efficient and agile solutions are
prioritized [55].

Sustainability integration within the Industry 6.0 framework represents a significant
progression from prior practices [56]. A defining feature of Industry 6.0 is its explicit
attention to the environmental consequences of technology adoption [57]. Utilizing Al
and IIoT, organizations monitor and optimize energy use, resource allocation, and waste
reduction in real time [58]. This supports alignment with ecological goals, encourages
more efficient resource management, helps reduce carbon footprints, and strengthens
competitive positioning [59]. For example, lowering energy consumption per unit output
not only boosts efficiency but also enhances the corporate image among consumers and
stakeholders who increasingly value sustainability [60]. Drawing from these analyses and
comparisons, the following propositions can be stated:

e P7: Compared to previous paradigms, the combination of advanced technologies such as
Al and 1IoT in Industry 6.0 promotes predictive optimization and intelligent automation,
significantly improving the operational efficiency and flexibility of industrial organizations
through autonomous decision-making systems [44,45].

o  P8: Integrating sustainable practices through Al and IIoT in Industry 6.0 enables orga-
nizations to balance mass customization with environmental responsibility, strengthening
strategic positioning and corporate reputation beyond what was achieved in Industry 4.0 and
Industry 5.0 [56,58].

Siemens’ Amberg factor (Siemens Digital Enterprise, Available online: https://www.
siemens.com/global/en/company/stories/industry/electronics-digitalenterprise-futur
etechnologies.html; accessed on 29 August 2025) demonstrates cognitive manufacturing,
where Al autonomously adjusts production based on real-time quality predictions. By
analyzing control point data, the system anticipates defects and proactively modifies
processes, enabling strategic decisions about scheduling, resources, and quality without
human input.

3.3. Organizational Structure Adaptations

In Industry 6.0, adapting organizational structures is crucial. Companies need flexible
frameworks that enable rapid responses to market dynamics and evolving consumer
demands. Within a connected manufacturing environment, decentralized decision-making
and adaptable organizational forms are essential for competitiveness [61]. In Industry 4.0,
firms mainly retained conventional hierarchies, relying on automation and digitalization to
enhance efficiency. However, decision-making mostly remained centralized [62]. While
these systems improved operations, they were not designed to address swift market
transitions [63]. Industry 5.0 brought greater collaboration between humans and machines,
creating a more adaptive work context, yet control often stayed centralized, limiting true
organizational agility [64].

Industry 6.0 advances these developments by favoring decentralization as a structural
strategy for responding more efficiently to market fluctuations. This enables organizations
to react more promptly to changing conditions, as localized decision-making shortens
response times [65]. With the integration of Al and IIoT, business units can access real-time
data, allowing autonomous decisions independent of central management and enhancing
overall system responsiveness [66].

To align with shifting consumer expectations and the growing importance of sus-
tainable practices, companies must further restructure themselves in Industry 6.0 [67].
While previous paradigms improved efficiency and customization, Industry 6.0 demands
agility to support advanced customization and sustainable resource management. This
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shift involves adapting processes to enable mass customization and sustainable production
models [68]. Using advanced technologies to collect detailed data on consumer pref-
erences, organizations can deliver tailored products while maintaining environmental
responsibility [69].

As a result, decentralized and dynamic structures empower organizations to meet
market needs more rapidly, promoting continuous innovation and efficient supply chain
management, which surpasses the capabilities of earlier industrial paradigms [70]. Based
on these findings and comparisons, the following proposition can be stated:

e P9: Compared to the more hierarchical structures of Industry 4.0 and the limited flexibility of
Industry 5.0, the decentralized organizational structures of Industry 6.0 increase the agility
of companies, enabling them to respond more quickly and flexibly to market fluctuations and
local operating conditions through autonomous decision-making [61,62].

o  P10: Structural adaptation to market dynamics and specific consumer preferences through
Industry 6.0 enables organizations to implement mass customization models and sustainable
resource management, exceeding the levels of customization and adaptability achievable in
Industry 4.0 and Industry 5.0 [67,69].

The Haier RenDanHeYi model (RenDanHeYi management model, Available online:
https:/ /www.rendanheyi.com/; accessed on 29 August 2025) illustrates decentralized
cognitive architecture, where independent business units use Al and machine learning to
analyze market data and make strategic decisions. Each unit acts as a “cognitive enterprise,”
autonomously handling product customization, supplier selection, and sustainability,
showing how decentralization enhances competitiveness through cognitive capabilities.

3.4. Strategic Shifts

Industry 6.0 demands significant strategic adjustments, placing mass customization
and sustainable long-term planning at the center of business models [71]. This shift re-
quires organizations to redefine their production and market strategies, not only to meet
evolving consumer expectations but also to establish sustainability as a core strategic objec-
tive [72]. Mass customization is a crucial element in Industry 6.0, as it compels companies
to revise both their manufacturing processes and marketing approaches [73]. As con-
sumer preferences increasingly focus on personalized solutions, organizations are required
to serve individual needs while preserving operational efficiency [37]. Achieving this
level of customization involves strategies that balance flexibility with scalability, allowing
companies to adapt rapidly to changing consumer demands [21]. Moreover, marketing
must also evolve to communicate individualized value effectively, positioning customiza-
tion as a key differentiator and enhancing customer experience, which is now central to
competitiveness [74].

Another strategic priority in Industry 6.0 is long-term sustainable planning, which
extends the concept of sustainability beyond emissions reduction to encompass the entire
product lifecycle and promote circular economy practices [45]. This approach emphasizes
responsible resource management and considers both the environmental and social impacts
of production activities [75]. The integration of Al and IIoT enables real-time monitoring
and optimization of processes, which allows companies to minimize waste and continually
improve resource efficiency. Sustainability, therefore, becomes a proactive responsibility
throughout the value chain, encouraging collaboration with suppliers and partners who are
also committed to sustainable practices [76]. As a result, Industry 6.0 supports investments
in technologies and business processes that ensure responsible resource management
and foster a sustainability-oriented corporate culture. This orientation, in turn, enhances
resilience and long-term competitiveness [77].
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Ultimately, Industry 6.0 guides organizations toward strategies that integrate personal-
ization with sustainability. This dual focus transforms production and marketing models to
align with the requirements of a more resilient and sustainable economy. Such a foundation
enables modern organizations to thrive in increasingly dynamic markets. Based on these
findings, we can state:

e P11: Mass customization, enabled by the integration of Al and IloT in Industry 6.0, requires a
business strategy that balances operational flexibility and scalability, enhancing the ability of
companies to respond to dynamic consumer preferences [21,69].

o P12: Integrating sustainability as a guiding principle of business strategy in Industry 6.0
fosters long-term value creation by promoting responsible resource management practices and
a sustainability-oriented supply chain [45,75,76].

Nike’s cognitive manufacturing platform (Nike Willy Wonka factory: https://about.
nike.com/en/stories/nike-spaces-sports-design-innovation-performance) leverages Al
to optimize both product personalization and sustainability. By processing customer data
alongside environmental factors like material use and emissions, the system autonomously
balances customization with eco-friendly practices, illustrating how cognitive systems can
harmonize individual preferences and environmental goals.

3.5. Challenges and Opportunities

Industry 6.0 is fundamentally oriented towards achieving a zero-defect manufacturing
environment. This paradigm shift presents significant opportunities but also introduces
notable challenges. A primary challenge lies in the cultural transformation required within
organizations [39]. Unlike previous industrial paradigms where quality control was of-
ten reactive, Industry 6.0 emphasizes proactive, data-driven quality assurance. Such an
approach fosters continuous improvement and supports incremental innovation [56]. Au-
tonomous systems and real-time data analytics play a central role by enabling predictive
quality management. These technologies allow companies to prevent defects before they
occur, rather than simply correcting them after production. This shift leads to reduced
waste and lower operational costs, while making production processes more resilient.
Potential issues are identified and addressed early, minimizing disruption [78]. To fully
realize these benefits, organizations must embrace a culture that prioritizes ongoing quality
enhancement. Teams should be empowered to make informed decisions using real-time
data [79]. This empowerment is essential for the agility and adaptability that Industry 6.0
requires, enabling decision-making at the operational level. Furthermore, the establish-
ment of a zero-defect environment highlights the transition from static to dynamic quality
management. In this context, quality is seen not just as a matter of compliance, but as a
strategic objective that continuously drives innovation and adaptability [37]. Organizations
are encouraged to cultivate a culture of incremental improvement, leveraging data to
refine processes and respond swiftly to evolving market needs [1]. This cultural evolution
enhances operational agility and strengthens customer trust and brand reputation, aligning
with the overarching aims of Industry 6.0, particularly its commitment to sustainability.
Recent contributions also highlight how Al and blockchain are being applied to quality
management [16] and how neural network models can predict equipment faults in real
time [17], reinforcing the role of predictive analytics in achieving zero-defect environments.
Drawing upon these findings and comparisons, it is possible to affirm that:

o P13: Implementing a zero-defect manufacturing environment in Industry 6.0 requires signifi-

cant cultural changes that promote a culture of continuous quality and incremental improve-
ment that supports continuous innovation within industrial organizations [24,79].
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o  P14: Establishing a zero-defect environment in Industry 6.0 strategically impacts organiza-
tions by promoting data-driven decision-making and proactive quality management, thereby
increasing organizational agility and resilience [19,20].

As an illustrative example of cognitive zero-defect cultural transformation, Toyota’s
advanced quality systems (Toyota Production System, Available online: https://glob
al.toyota/en/company/vision-and-philosophy/production-system/; accessed on
29 August 2025) highlight how Al-driven predictive quality management can reshape
an organization’s approach from reactive problem solving to proactive quality assurance.
Employees collaborate with cognitive systems that continuously analyze quality patterns,
recommend process enhancements, and autonomously implement minor adjustments.
This integration fosters a shift from traditional human-centered continuous improvement
(kaizen) to a collaborative dynamic between human insight and machine intelligence,
supporting the pursuit of zero-defect outcomes.

To enhance transparency and strengthen the theoretical grounding of our framework,
Appendix A provides a detailed mapping between each proposition (P1-P14) and the corre-
sponding references, clarifying how prior studies informed and supported the formulation
of each proposition.

4. Towards Industry 6.0: Conceptual Models

This section presents theoretical models to clarify the transition from Industry 4.0
to Industry 6.0, highlighting major phases and changes. Building on earlier propositions
(P1-P6), these models structure the analysis of technological, organizational, strategic, and
cultural evolution. An evolutionary model outlines the main stages, while a conceptual
model for Industry 6.0 examines key factors such as advanced technology, decentralized
organization, mass customization, sustainability, cultural shifts, and innovation. The section
concludes with practical guidelines for organizations moving toward Industry 6.0, aiming
for clarity and analytical rigor.

4.1. Evolutionary Model from Industry 4.0 to Industry 6.0

The evolutionary model from Industry 4.0 to 6.0 depicts industrial transformation as a
network of connected paradigms, each with five main elements: technology, organizational
structure, business strategy, culture, and innovation (Figure 1). It should be noted that
elements such as Al, IloT, sustainability, and mass customization have appeared in earlier
industrial paradigms, particularly Industry 4.0 and 5.0. However, in Industry 6.0, these
components are not treated as isolated or incremental extensions but are reconfigured into
a cyclical, self-reinforcing system. The novelty of the model lies in the feedback loops and
in the cultural transformation that binds these elements together, making them operate
as interdependent drivers of resilience and adaptability. These components shape every
phase, showing that progress is both linear and qualitative, with interdependent relation-
ships. Transition is driven primarily by technological advances. For instance, Industry 4.0
introduced IoT and Cyber-Physical Systems, enabling automation and digitalization to
improve efficiency and cut costs.

As Industry 5.0 emerges, human—-machine integration deepens with collaborative
robotics and Al enabling more adaptable and customized production. This phase is marked
by agile manufacturing that meets specific customer needs. Industry 6.0 brings fully
autonomous, intelligent networks powered by advanced Al and IloT, closely linking
technology, sustainability, and organizational agility for higher efficiency.

Organizational structures evolve from centralized hierarchies in Industry 4.0 to greater
internal collaboration in 5.0, facilitated by improved technological communication. In
6.0, organizations adopt decentralized structures that enable rapid decision-making at
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operational levels through real-time data access. The model reflects this with interconnected
influences between technology and organizational components, underlining the importance
of decentralization.

A 4

A 4

A 4
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Figure 1. Graphical model for moving from Industry 4.0 to Industry 6.0 (Source: author’s elaboration).

Strategically, Industry 4.0 focuses on efficiency and standardization, while 5.0 shifts
toward customization and innovation, though sustainability remains secondary. By In-
dustry 6.0, mass customization and sustainability take center stage, with strategies geared
toward tailored solutions and responsible practices. Organizational culture transitions from
process optimization to continuous improvement and proactive innovation, supporting
adaptability and resilience in the face of constant technological change.

To summarize the main changes in technology, structure, strategy, culture, and inno-
vation across the three industrial paradigms, Table 2 presents six Knowledge Insights that
illustrate the evolution from Industry 4.0 to Industry 6.0, corresponding to propositions P1
to P6 discussed earlier in Section 3.1.

Table 2. Knowledge Insights on the evolution from Industry 4.0 to Industry 6.0.

Proposition Knowledge Insights Explanatory Notes
This insight emphasizes the technological
Industry 4.0 relies on cyber-physical systems advancements of Industry 4.0, focusing on
P1 (CPS) and IoT for digital automation but automation through CPS and IoT, but highlights
maintains centralized structures. that organizational structures remain centralized,
limiting flexibility and agility.
This insight underscores the shift towards
Industry 5.0 emphasizes human—machine human-centered technologies in Industry 5.0,
P2 collaboration and early sustainability integrating collaborative robots and Al, while

integration, with minimal structural changes. suggesting that the organizational structure

remains largely intact.
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Table 2. Cont.
Proposition Knowledge Insights Explanatory Notes
The key difference in Industry 6.0 is the
Industry 6.0 uses Al and IIoT to enable integration of fully autonomous systems, where
P3 autonomous systems, requiring decentralized decentralized decision-making structures are
structures for agility and responsiveness. critical to ensure responsiveness and adaptability

In Industry 6.0, business strategies prioritize
P4 mass customization and sustainability,
overcoming prior efficiency-focused models.

A cultural shift is essential in Industry 6.0,
fostering continuous improvement and
integrating sustainability across

the organization.

P5

Innovation in Industry 6.0 is proactive and
data-driven, using advanced analytics and
autonomous systems for

continuous improvement.

P6

to rapid market changes.

This insight highlights how Industry 6.0
overcomes the limits of traditional
efficiency-driven models, focusing on
sustainable, tailored products that meet
customer-specific demands while reducing
environmental impact.

The cultural transformation in Industry 6.0 is
critical to maintaining an innovation-driven
environment. Sustainability becomes ingrained
not just as a product feature, but as a core
organizational value.

Innovation in Industry 6.0 is rooted in advanced
analytics and Al-driven systems, enabling
real-time data collection and predictive analytics
to drive continuous improvement in processes,
products, and business strategies.

INDUSTRY

4.2. Conceptual Model from Industry 4.0 to Industry 6.0

The conceptual model of industrial evolution from Industry 4.0 to 6.0 is based on six
propositions and six knowledge insights (see Table 1), highlighting key changes shown
in Figure 2. It covers not just technology, but also the development of organizations,
strategies, and cultures. P1 explains that cyber—physical systems (CPS) and IoT-enabled
digital automation in Industry 4.0 without shifting away from centralized structures or
efficiency-driven strategies. P2 notes that Industry 5.0 has increased human-machine
collaboration, customization, and sustainability efforts, yet centralization remains dominant
and sustainability is often seen as an add-on rather than a core strategy.

*  TEGHNOLOGY: CPS & 10T
*  STRUCTURE: CENTRALIZED
+ STRATEGY: EFFICENCY

EVOLUTION EVOLUTION
INDUSTRY
TRANSFORMATION TRANSFORMATION «  TEQHNOLOGY: Al & IIOT
———————————————————————— »| + STRUCTURE DECINTRALZED
&

Figure 2. Conceptual model for moving from Industry 4.0 to Industry 6.0 (Source: author’s elaboration).

The propositions P3 to P6 outline the distinctive features of Industry 6.0 compared to
earlier paradigms. P3 highlights the central role of artificial intelligence and IIoT, which
enable autonomous systems and require decentralized structures, thus increasing agility
and responsiveness. P4 focuses on business strategies integrating mass customization with
sustainability. P5 emphasizes the importance of ongoing cultural transformation, with
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P8: Integrates sustainable
practices

P11: Balances flexibility and 4

sustainability established as a core value. Finally, P6 shows that innovation in Industry
6.0 is proactive and data-driven, fostering technological development and the ability to
anticipate market trends. The conceptual model illustrates a network in which changes
in any component affect the entire system, demonstrating the need for a systemic and
integrated approach to fully unlock the benefits of Industry 6.0.

4.3. Conceptual Model of Industry 6.0

The conceptual model of Industry 6.0, as illustrated in Figure 3, presents an intercon-
nected and dynamic structure based on Propositions P7 to P14 detailed in Sections 3.2-3.5.
This model integrates Artificial Intelligence (AI) and the Industrial Internet of Things (IloT),
which together drive significant transformations as highlighted in Propositions P7 and P8.
Relationships within the model are depicted using solid and dashed arrows. Solid arrows
indicate direct links and main propositions, whereas dashed arrows represent feedback

loops and indirect influences among components.

ADVANCED TECHNOLOGY
INTEGRATION: .
Al, lloT, SUSTAINABILITY

P7: Enables autonomous
decision-making

Organizational Structure
Adaption:
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agility P10: Enables mass |
v and ility \

\
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Cultural Transformation:
Quality Culture, Continuous
Improvement.

\

P12: Fosters long-term value
creation

7

P13: Promotes continuous

Improve Innovation:
Data-driven decision making.

quality improvement

Figure 3. Conceptual model of Industry 6.0 (Source: author’s elaboration).

At the core of Industry 6.0 lies Advanced Technology Integration. Here, Al and IloT
form the foundation for systems capable of autonomous decision-making and predictive
optimization. Proposition P7 demonstrates how these technologies support organizational
adaptation and enable intelligent automation for data-driven decision-making. Al facili-
tates continuous machine learning and adaptation, while IIoT connects devices and systems,
enabling real-time communication and information exchange. Proposition P8 explains how
technological integration supports strategic renewal, combining sustainable practices with
the capacity for mass customization. Advanced technologies facilitate the collection and
analysis of extensive consumer and operational data. This supports strategies that merge
personalized product offerings with operational efficiency and environmental stewardship.
As a result of technological advancement, organizations increasingly adopt decentralized
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and agile structures. Once these structures are implemented, companies gain greater flexi-
bility and responsiveness, as described in Propositions P9 and P10. Proposition P9 clarifies
that decentralization enables faster adaptation to market changes, allowing business units
to make decisions based on localized data. This capability improves organizational agility
and responsiveness to shifts in consumer preferences or market conditions. Proposition P10
highlights that flexible organizational design supports the delivery of customized products
while managing resources sustainably. Decentralization also encourages collaboration
across departments and organizational levels, fostering innovation and resource efficiency.
This approach ensures that specific customer needs are met without compromising the
overall sustainability objectives of the enterprise.

The Industry 6.0 model is grounded in strategic change facilitated by advanced tech-
nologies and decentralized organizational structures. Propositions P11 and P12 outline
how organizations develop strategies that enhance adaptability to consumer demands.
Proposition P11 examines how business strategy shapes the balance between customization
and efficiency, emphasizing the importance of quickly adapting products and services to
customer requirements while maintaining high levels of productivity. Proposition P12 ad-
dresses the integration of sustainability into core business practices, supporting the creation
of long-term value. Organizations now adopt sustainable approaches not only to comply
with environmental standards but also to respond to increasing consumer expectations
for social and environmental responsibility. This strategic orientation enhances a firm’s
competitive position and strengthens its reputation.

Cultural transformation is a critical component of the model, focusing on ongoing
quality improvement. Proposition P13 demonstrates how attention to quality encourages
innovation and fosters a culture of continuous advancement. Such a culture motivates
personnel to develop new ideas, experiment with novel solutions, and collaborate across
organizational boundaries. Proposition P14 details how strategic modifications can enhance
a company’s responsiveness to market changes, technological developments, and evolving
customer needs, thereby ensuring sustained competitiveness. The Industry 6.0 conceptual
model highlights a complex network of interrelated and circular connections among its
components. Solid arrows represent direct and immediate relationships, while dashed
arrows indicate feedback loops and longer-term influences.

1.  Feedback from Innovation to Organizational Structure: Innovation is not only in-
fluenced by organizational structure but in turn can stimulate structural changes.
For example, new ideas or technologies may require internal reorganization to be
implemented effectively.

2. Feedback from Innovation to Technology Integration: Innovation can lead to
the development or adoption of new technologies, further fueling the cycle of
technological advancement.

These interconnections ensure that the system remains in a state of ongoing trans-
formation, fostering an adaptive and resilient organizational ecosystem. Each element of
the model both influences and is influenced by the others, highlighting the importance
of approaching Industry 6.0 as an integrated system. The distinction between continuous
and dashed arrows clarifies the nature of the transformations: direct relationships repre-
sent immediate and intentional impacts, while feedback loops reflect longer-term effects
resulting from ongoing interactions among system components. The model’s strength
lies in its circular and synergistic structure. Digital and sustainable transformation arises
not from isolated changes, but from the dynamic interplay among all components. This
integrated perspective is essential for fully leveraging the value of Industry 6.0, as it
enables organizations to innovate, remain agile, and pursue sustainability in a highly
competitive environment.
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5. Building Theory for Industry 6.0

The development of a theoretical framework for Industry 6.0 is essential for under-
standing and guiding the transition to this new industrial paradigm. In this section, we
apply a theory-building methodology [80] to construct a comprehensive theoretical model
that synthesizes the main components and their interconnections, as identified in propo-
sitions P1-P14 from the previous sections. Theory building is a systematic process for
formulating a coherent and robust theory by defining key constructs, establishing relation-
ships among them, and integrating these elements into a unified conceptual model [81].
This approach enables the logical organization of complex ideas, making it easier to under-
stand the relevant phenomena and serving as a foundation for future research and practical
applications [82]. A construct is a key theoretical concept central to the study’s focus. In
Industry 6.0, constructs stem from propositions P1-P14, reflecting major technological,
organizational, strategic, and cultural changes. These include technology integration, de-
centralized structures, personalization and sustainability strategies, cultural shifts, and
innovation enhancement. Identifying these constructs requires analyzing and synthesizing
the main ideas from each proposition.

e (1. Advanced Technology Integration emerges from the propositions that highlight the
importance of technologies such as Artificial Intelligence (AI) and Industrial Internet
of Things (IIoT) in enabling autonomous systems and improving operational efficiency
(P3, P7, P8).

e (2. Decentralized Organizational Structures are identified as necessary to take full
advantage of new technologies and increase organizational agility, as discussed in
propositions P3, P9, and P10.

e (3. Mass Personalization and Sustainability Strategies are derived from propositions
that emphasize the importance of balancing operational flexibility, personalization,
and environmental responsibility (P4, P11, P12).

e (4. Cultural Transformation is a construct that emerges from the need to foster a
culture of continuous improvement and integrate sustainability values, as described
in P5 and P13.

e (5. Boosting Innovation is identified as a key element to drive continuous improve-
ments in technology strategy and adoption, based on propositions P6 and P14.

In the process of developing a theoretical framework, once the constructs have been
defined, we proceed as follows:

1.  Elaboration of Relationships: It is necessary to establish how these constructs interact
with one another, identifying causal or mutually influential relationships.

2. Formulation of the Theoretical Model: The next step involves integrating the con-
structs and relationships into a coherent structure that represents the phenomenon
under study.

3. Theoretical Validation: The model should then be validated by linking it to existing
literature. This entails discussing how the model contributes to the field of study and
what implications it holds.

4. Implications and Future Perspectives: It is important to explore the practical conse-
quences of the model and identify potential avenues for further research.

This approach establishes a strong theoretical framework for Industry 6.0, clarifying
changes in industry and offering guidance to organizations shifting to the new paradigm.
It explains how advanced technologies, structures, strategies, culture, and innovation
shape adaptive, sustainable systems. The next section defines main concepts, outlines their
relationships, and introduces an integrated Industry 6.0 model, relating it to literature and
emphasizing its practical value.
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5.1. Processing Construct Relationships

The identified constructs represent the fundamental elements of Industry 6.0. To gain

a comprehensive understanding of the way these elements interact and influence industrial

transformation, it is imperative to establish the causal relationships and mutual influences
that exist between them.

C1. Advanced Technology Integration — C2. Decentralized Organizational Structures.
Advanced Technological Integration (C1) functions as a catalyst for the transformation
of organizational structures. The implementation of technologies such as Al and the
Industrial Internet of Things (IIoT) enables autonomous systems and data-driven
decision-making in real time. This capability necessitates and encourages the develop-
ment of decentralized organizational structures (C2), as evidenced by propositions P3,
P7, and P9. The implementation of advanced technologies enables operational depart-
ments to make autonomous decisions, thereby reducing the necessity for centralized
control and increasing organizational agility.

C2. Decentralized Organizational Structures — C3. Mass Personalization and Sus-
tainability Strategies. The implementation of Decentralized Organizational Structures
(C2) directly influences Mass Personalization and Sustainability Strategies (C3). As
previously discussed in Propositions P4, P10, P11, and P12, the decentralization of
organizational structures allows for greater operational flexibility, enabling the organi-
zation to quickly adapt to dynamic consumer preferences and implement sustainable
practices. Autonomous business units can tailor products and services to local needs,
thereby balancing efficiency and environmental responsibility.

(3. Mass Personalization Strategies and Sustainability — C4. Cultural Transformation.
The implementation of Mass Personalization and Sustainability Strategies (C3) neces-
sitates a comprehensive cultural transformation (C4). Propositions P5, P12, and P13
illustrate the necessity of an organizational culture that fosters continuous improve-
ment, innovation, and the adoption of sustainable values to effectively implement
strategies focused on personalization and sustainability. The corporate culture must
transform to align with these novel strategic objectives, necessitating a culture that
fosters continuous learning and adaptability.

C4. Cultural Transformation — C5. Boosting Innovation. Cultural transformation (C4)
is a prerequisite for the empowerment of innovation (C5). An innovation-oriented
culture, as delineated in Propositions P6 and P14, cultivates the germination of novel
concepts and the incorporation of nascent technologies. The promotion of values such
as creativity, collaboration, and openness to change within the organization stimulates
proactive, data-driven innovation, which is essential for maintaining a competitive
advantage in Industry 6.0.

C5. Enhancing Innovation — C1. Advanced Technology Integration and C2. Decen-
tralized Organizational Structures. The enhancement of innovation (C5) generates a
positive feedback loop with advanced technological integration (C1) and decentralized
organizational structures (C2). The continued development and adoption of new
technologies is a consequence of sustained innovation, which in turn drives further
integration of technology (P6). Moreover, it may necessitate modifications to orga-
nizational structures to facilitate the implementation of novel innovative processes
and systems (P14), thereby establishing a virtuous cycle of continuous improvement
and adaptation.

5.2. Building the Integrated Theoretical Model

By integrating the identified constructs and their relationships, the Integrated Theo-

retical Model of Industry 6.0 is outlined (Figure 4). This model illustrates a dynamic and
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interconnected system where each component influences the others, generating a continu-
ous cycle of transformation and improvement. The model shows that successfully adopting
Industry 6.0 requires a holistic approach. In this perspective, technology, organizational
structure, business strategy, culture, and innovation are all interdependent elements that
must be aligned for organizations to thrive in the new industrial context. The transfor-
mation process begins with the integration of advanced technologies (C1), which forms
the foundation of Industry 6.0. The introduction of tools such as artificial intelligence (AI)
and the industrial Internet of Things (IloT) enables the creation of autonomous systems
and the optimization of processes based on prediction. These technologies support intelli-
gent automation, allowing machines to execute complex tasks independently of human
intervention. They can adapt and learn from experience by using sophisticated machine
learning algorithms. Furthermore, these systems facilitate real-time data analytics, as
the IloT makes it possible to collect and process significant amounts of operational data,
improving visibility and control. Advanced analytics also support data-driven decisions,
with Al helping organizations reduce errors and increase overall efficiency. This phase
is crucial because it provides the technical foundation needed for further transformation.
For organizations to fully capitalize on the potential of Industry 6.0, they must ensure the
effective integration of advanced technologies. The adoption of these technologies also
makes it necessary to adapt organizational structures accordingly.

FEEDBACKLOOP

N

\ \

Cs

INNOVATION
ENHANCEMENT

FEEDBACKLOOP

Figure 4. Industry 6.0 theoretical model (Source: author’s elaboration).

The emergence of decentralized organizational structures (C2) directly results from
the need to leverage operational autonomy. These structures allow departments and teams
to make rapid, informed decisions based on local data, thereby increasing organizational
agility. By reducing hierarchical levels, companies can respond more swiftly to market
changes. Furthermore, the flatter organizational setup encourages collaboration, facilitates
information sharing, and supports cross-functional innovation. The decentralization pro-
cess is enabled by technologies introduced in the initial stage, which provide the tools
necessary for effective communication and autonomous process management.

Establishing appropriate organizational structures makes it possible to implement
Mass Personalization and Sustainability Strategies (C3). This involves using data-driven
and technology-enabled mass customization, offering personalized products and services
on a large scale without increasing costs. At the same time, sustainability is integrated into
all operational aspects, from resource management to product design. These strategies
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address the evolving expectations of consumers, who increasingly desire personalized
offerings and demonstrate heightened environmental awareness. Adopting such strategies
helps companies differentiate themselves in the market and generate long-term value.

To implement these strategies successfully, it is essential to transform organizational
routines and mindsets. Employees should be encouraged to seek continuous improvement
in processes and products, while the company’s mission and values must reflect sustain-
ability and a commitment to innovation. Company culture serves as the binding element
that supports both technological advancements and changes in work practices. When orga-
nizational culture is transformed, it leads to further enhancement of innovation (C5). At
this stage, the company not only responds to change but also anticipates trends and drives
innovation within its sector. A data-driven approach enables the organization to identify
new opportunities and optimize operations. Developing innovative solutions empowers
the company to create advanced products, services, and business models. This, in turn,
provides a competitive advantage and sustains the cycle of transformation. The model
incorporates a feedback loop that connects innovation enhancement (C5) with advanced
technology integration (C1) and decentralized organizational structures (C2). This loop
implies that the introduction of new technologies stimulates further adoption and supports
business operations; changes in organizational structure align with the introduction of inno-
vative technologies and strategies, potentially requiring additional structural adjustments;
organizational culture evolves to support new initiatives while maintaining a focus on
ongoing improvement and innovation. This continuous process ensures that the company
remains adaptable and resilient, capable of responding to market challenges and opportu-
nities. The graphical representation of the Integrated Theoretical Model, shown through
a circular or spiral diagram (Figure 4), illustrates the cyclical and progressive nature of
this process. The constructs (C1-C5) are presented sequentially, with direct relationships
indicated by arrows.

e (Clisa prerequisite for C2. The implementation of advanced technological integration
necessitates the establishment of decentralized organizational structures.

e (2 — C3: Decentralized structures facilitate the adoption of mass personalization and
sustainability strategies.

e (3 — C4: The implementation of these strategies facilitates cultural transformation.

e (4 — C5: Cultural transformation drives the empowerment of innovation.

e (5 — C1/C2: Enhancing innovation generates new technological developments and
necessitates further organizational adaptations, thereby closing the feedback loop.

The feedback arrows underscore the influence of each stage on the others, creating an
interactive and self-reinforcing system.

5.3. Theoretical Validation of the Model

The integrated theoretical model of Industry 6.0 is grounded in several established
management theories, connecting traditional concepts with the requirements of contem-
porary industrial change. According to Contingency Theory [83], organizations should
adapt their structures to match technological and environmental conditions. Within this
model, Advanced Technological Integration (C1) calls for Decentralized Organizational
Structures (C2) to fully realize the potential of new technologies, reflecting the contingency
approach. The Resource-Based View [84] highlights that organizations gain a competitive
edge by cultivating resources that are rare and difficult to imitate. In our framework,
Advanced Technology Implementation (C1) and Innovation Enhancement (C5) serve as
such strategic resources. Dynamic Capabilities Theory [85] stresses the importance of
developing the ability to respond quickly to changes. Our model shows that decentralized
structures (C2) and a focus on cultural transformation (C4) are central to building these
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capabilities. Principles from Organizational Learning Theory [86] are visible in the Cultural
Transformation (C4) and Innovation Enhancement (C5) components, which together foster
a culture of ongoing learning and innovation. Systems Theory [87] views organizations
as interconnected entities. The model illustrates this by showing how technology (C1),
organizational structure (C2), strategy (C3), culture (C4), and innovation (C5) interact and
influence one another. Transformational Leadership Theory [88] emphasizes the role of
leaders in driving organizational change. In the context of Industry 6.0, effective leadership
is crucial to ensuring successful cultural transformation (C4). Stakeholder Theory [89] ad-
vocates for considering the interests of all stakeholders. The model addresses this through
mass personalization and sustainability strategies (C3), which account for the needs of cus-
tomers, communities, and the environment. Porter’s Competitive Advantage Theory [90]
is reflected in the use of advanced technologies (C1) and innovation (C5) to differentiate
and optimize organizational performance. The model incorporates these elements through
constructs C1, C2, and C3. The framework’s complexity arises from its dynamic and
adaptive nature, enabling organizations to evolve in response to change through feedback
loops that connect the various constructs. Knowledge Management Theory [91] is also
present in the Innovation Enhancement (C5) and Cultural Transformation (C4) compo-
nents, demonstrating the critical role of knowledge management in promoting continuous
innovation. Finally, our model not only aligns with these foundational theories but also
integrates them to support the effective adoption of Industry 6.0. It demonstrates how tech-
nology, structure, strategy, culture, and innovation are interrelated and collectively enhance
organizational adaptability.

5.4. Final Theoretical Contribution

The ultimate theoretical contribution of this study is the formulation of a central
theoretical proposition that encapsulates the core tenets of the integrated model of Industry
6.0. This proposition emphasizes the interdependence of constructs and the cyclical nature
of transformation. The final theoretical assertion is as follows:

e  Success in Industry 6.0 is not achieved merely through the adoption of advanced technolo-
gies or the implementation of new strategies but emerges from a cyclical and interdependent
transformation wherein Advanced Technological Integration (C1) reconfigures Organizational
Structures (C2), which in turn enable and are reshaped by Mass Personalization and Sustain-
ability Strategies (C3). This dynamic process initiates a profound Cultural Transformation (C4)
that elevates Innovation (C5) from an operational function to an intrinsic strategic capability.
This enhanced innovation further fuels technological integration and organizational evolution,
establishing a virtuous cycle that redefines the organization’s identity and operational essence,
making agility, resilience, and sustainability not just objectives but fundamental components
of its DNA.

This proposition encapsulates the essence of the model, emphasizing that success
in Industry 6.0 is contingent upon the synergistic effect of all identified components,
rather than the result of isolated changes. Each construct is intimately connected and
mutually reinforcing:

Advanced Technology Integration (C1) serves as the initial catalyst, enabling new
operational capabilities through technologies like Al and IloT. However, to fully realize its
potential, it requires Decentralized Organizational Structures (C2) that allow for agility and
rapid decision-making at all levels. Decentralized Organizational Structures (C2) facilitate
the implementation of Mass Personalization and Sustainability Strategies (C3), empowering
autonomous units to tailor products and services to local needs while balancing efficiency
with environmental responsibility. The effectiveness of these strategies (C3) hinges on a
Cultural Transformation (C4) that fosters a culture of continuous improvement, innovation,
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and the integration of sustainability values throughout the organization. This Cultural
Transformation (C4) propels Innovation Enhancement (C5), stimulating the generation of
new ideas and the adoption of emerging technologies, which are essential for maintaining
a competitive advantage. Innovation Enhancement (C5) creates a positive feedback loop
by driving further Advanced Technology Integration (C1) and necessitating additional
adaptations in Decentralized Organizational Structures (C2), thereby perpetuating the cycle
of continuous improvement and adaptation.

This cyclical and interdependent model underscores that success in Industry 6.0 re-
quires a holistic approach where technological advancements, organizational restructuring,
strategic initiatives, cultural shifts, and innovation practices are aligned and mutually
reinforcing. By embracing this integrated framework, organizations can navigate the
complexities of the modern industrial landscape, fostering agility, resilience, and sustain-
ability [92] essential for long-term success.

This proposition captures the essence of the model, highlighting that the success
of Industry 6.0 depends on the synergistic interaction of all its components rather than
isolated changes. Each construct is closely linked and reinforces the others. Advanced
Technology Integration (C1) acts as the primary catalyst, providing new operational capa-
bilities through technologies such as Al and IloT. However, its full potential is realized only
when supported by Decentralized Organizational Structures (C2), which enable agility
and timely decision-making throughout the organization. These decentralized structures
also facilitate the adoption of Mass Personalization and Sustainability Strategies (C3),
empowering autonomous units to respond to local needs while balancing efficiency and
environmental stewardship.

The effectiveness of these strategies (C3) depends on a genuine Cultural Transfor-
mation (C4), which nurtures continuous improvement, innovation, and the integration
of sustainability values at every level. This cultural evolution (C4) drives Innovation En-
hancement (C5), supporting the development of new ideas and the implementation of
emerging technologies, which are essential for maintaining competitiveness. Innovation
Enhancement (C5) then reinforces the cycle by promoting further Advanced Technology In-
tegration (C1) and prompting new adaptations in Decentralized Organizational Structures
(C2), ensuring ongoing improvement and organizational flexibility. This cyclical and inter-
dependent approach demonstrates that Industry 6.0 requires a comprehensive framework,
where advancements in technology, organizational changes, strategic initiatives, cultural
development, and innovation practices are aligned and mutually supportive. By adopting
this integrated perspective, organizations can effectively address the challenges of the
contemporary industrial environment, strengthening agility, resilience, and sustainability
as core elements for long-term success.

To this end, our proposed framework distinguishes itself from previous approaches
by moving beyond a focus on standalone technological enablers, such as multi-agent [7] or
digital twin integration [8], and instead embeds these elements within a systemic, cyclical
perspective in which feedback loops and cultural transformation play a central role.

6. Discussion of Results

This section discusses the theoretical study’s results in relation to the research ques-
tions. The integrated Industry 6.0 model developed here highlights essential technological,
organizational, strategic, and cultural changes for this emerging industrial paradigm. To
ground the theoretical contribution in emerging industrial practice, we included several
illustrative cases throughout the analysis. For instance, Siemens’ Amberg factory demon-
strates cognitive quality control, where Al autonomously adjusts production parameters in
real time. The Haier RenDanHeYi model exemplifies decentralized organizational architec-
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tures that empower independent units with cognitive decision-making capabilities. Nike’s
cognitive manufacturing platform illustrates how Al can harmonize personalization and
sustainability, while Toyota’s predictive quality systems show how zero-defect principles
can reshape organizational culture. These examples, while not exhaustive, support the
plausibility of the proposed framework by showing how elements of Industry 6.0 are
already materializing in advanced manufacturing contexts.

Response to RQ1: How does Industry 6.0 influence the structure and strategy of
industrial organizations?

Our findings indicate that Industry 6.0 reconfigures both organizational architecture
and business strategy. Advanced technologies such as Al and IIoT (C1) act as catalysts for
decentralization (C2), enabling real-time decision-making and enhanced agility. Strategic
orientation shifts toward balancing mass customization and sustainability (C3), ensuring
that organizations can deliver tailored products without compromising environmental
responsibility [35,36]. Importantly, the model emphasizes that cultural transformation
(C4) underpins these changes, embedding adaptability and continuous improvement
across the enterprise. This holistic transformation surpasses prior frameworks that treated
these domains separately, underscoring our contribution of a systemic, cyclical design. In
particular, cultural transformation is not addressed as a generic change process but as a
structural binding construct that continuously connects technology, organization, strategy,
and innovation, distinguishing Industry 6.0 from previous maturity-oriented models.

Response to RQ2: What organizational structures are best suited to support the
decentralized decision-making and integration of advanced technologies envisaged by
Industry 6.0?

The results highlight decentralized organizational structures (C2) as most effective
for leveraging the potential of Industry 6.0. These structures empower teams with au-
tonomy, supported by real-time information from Al-driven control systems (C1). In
practice, distributed additive manufacturing offers a clear example: local production cells
autonomously adjust printing parameters, reducing reliance on central supervision and
enhancing responsiveness. Such emerging practices confirm that decentralization, when
combined with advanced technology, generates resilience and operational agility beyond
what centralized structures can provide [62]. Similar directions are noted in recent studies
where multi-agent systems are adopted to coordinate distributed manufacturing tasks [7]
and digital product passport frameworks are integrated with digital twins to enable decen-
tralized control [8].

Distributed additive manufacturing networks demonstrate cognitive decentralization
by allowing local nodes to autonomously manage printing, material use, and quality
control. These nodes adapt in real time to conditions like humidity and temperature, while
inter-node communication ensures global quality and sustainability.

Response to RQ3: How can organizations develop strategies that effectively balance
mass customization and sustainability within the Industry 6.0 model?

The model suggests that the balance between personalization and sustainability (C3)
can be achieved by integrating advanced analytics with decentralized decision-making. Al
and IIoT support mass customization while simultaneously optimizing resource use and
minimizing waste [55]. This dual focus is increasingly evident in sectors such as predictive
maintenance, where localized teams use machine learning insights to anticipate equipment
failures and intervene proactively. By reducing downtime and avoiding unnecessary re-
source consumption, firms demonstrate how personalized service delivery and sustainable
practices can reinforce each other within Industry 6.0 environments. This is consistent
with neural-network-based approaches to fault prediction [17] and Six Sigma applications
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enhanced by AI [16], which demonstrate how data-driven systems can embed resilience
and sustainability into industrial operations.

Cognitive predictive maintenance systems balance customization and sustainability
by using machine learning to schedule maintenance for each machine, optimizing resources
facility-wide. These systems learn each machine’s operation, predict the best times for
intervention, and coordinate activities to reduce downtime and environmental impact.

Response to RQ4: What are the cultural and strategic implications of a zero-fault
environment and how does it affect continuous innovation and incremental improvement
in industrial organizations?

Achieving a zero-defect environment requires a cultural transformation (C4) that
prioritizes quality, innovation, and preventive approaches over reactive corrections [21].
Strategically, this transformation strengthens innovation (C5), as predictive quality systems
encourage experimentation and cross-functional collaboration. By embedding zero-defect
objectives within organizational culture, firms move from static compliance to dynamic
improvement, creating environments where incremental learning and radical innova-
tion coexist. This cultural embedding distinguishes our model from prior accounts that
largely treated zero-defect as a technological or operational goal rather than a cultural and
strategic imperative.

Furthermore, this study addresses several gaps in existing literature:

1. This study investigates the impact of Industry 6.0 on organizational structures, with a
focus on decentralization that enables distributed decision-making and the assimila-
tion of new technologies.

2. In contrast to Industry 4.0 and 5.0, our framework positions sustainability as a core
component, guiding organizations toward balancing mass customization with ecolog-
ical responsibility.

3. Wehighlight necessary cultural transformations for achieving zero-defect environments,
which are crucial for fostering sustained innovation and organizational resilience.

4. The theoretical model presented combines aspects of technology, organizational archi-
tecture, strategy, culture, and innovation, providing both actionable recommendations
and fresh perspectives for management scholars and practitioners.

7. Conclusions

This study develops a conceptual framework for Industry 6.0, positioning it as an
emerging paradigm that integrates advanced technologies, decentralized organizational
forms, mass customization, sustainability, and innovation into a systemic and cyclical
model. By highlighting the binding role of cultural transformation, the framework clarifies
how technology, organization, strategy, and innovation are continuously connected and
reinforced, moving beyond the linear or siloed representations of Industry 4.0 and 5.0.

The contribution of this research is threefold. First, it provides a clear working def-
inition of Industry 6.0, addressing the current fragmentation in the literature. Second, it
introduces propositions (P1-P14) that establish a theoretically grounded foundation for
further inquiry. Third, it illustrates the plausibility of the framework through emerging
industrial cases such as Siemens, Haier, Nike, and Toyota.

Several limitations must also be acknowledged. The applicability of the framework
may be constrained in highly regulated industries, and SMEs may face barriers due to
resource constraints and limited digital infrastructures. Moreover, the emphasis on cultural
transformation presupposes organizational readiness that may vary across contexts, making
diffusion uneven.

Opverall, this research advances the debate on the future of manufacturing by framing
Industry 6.0 as an adaptive and context-sensitive paradigm. Rather than replacing Industry
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4.0 and 5.0, it provides an integrative lens for understanding how cognitive manufacturing,
cultural transformation, and systemic feedback loops can drive more resilient, sustainable,
and innovative industrial ecosystems. Thus, Industry 6.0 emerges not as a prescriptive
blueprint but as a conceptual lens for rethinking how manufacturing systems can evolve
toward greater resilience, sustainability, and cognitive adaptability.

Author Contributions: Conceptualization, A.E-M. and D.S.-B.; methodology, S.0.-M. and M.].-C.;
investigation, A.F.-M. and M.J.-C.; data curation, A.PF.d.H. and FE.G.-M.; writing—original draft
preparation, D.S.-B. and A.PF.d.H.; validation and supervision, S.0.-M. and EE.G.-M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original conceptual contributions presented in this study are
included in the article.

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A Proposition—-Reference Mapping

Proposition Key Reference Contribution of the Cited Works
P1 [32,37] These works establish the foundational role of CPS and IoT in Industry 4.0, enabling
’ digital automation but retaining centralized and efficiency-oriented structures.
These studies on Industry 5.0 emphasize human-machine collaboration and
P2 [34,36] sustainability awareness, but note limited changes in organizational structure,
supporting the transition argument.
P3 [5,37] Literature on Al and IIoT demonstrates how autonomous systems drive the need for
’ decentralized organizations, showing a step beyond 4.0 and 5.0.
P4 [38,39] These contributions highlight the strategic importance of mass customization and
’ sustainability, positioning them as central objectives for Industry 6.0.
Cultural change is discussed as a driver of innovation and sustainability in
P5 [40,43] industrial transitions, but without systemic integration—our proposition builds on
and extends these insights.
This work stresses the shift toward proactive, data-driven innovation enabled by
P6 [42] . o . . . . L
advanced analytics, aligning with our view of continuous innovation in Industry 6.0.
These studies document how Al/IIoT integration improves efficiency and flexibility,
p7 [44,45] forming the basis for Industry 6.0’s predictive optimization and autonomous
decision-making.
P8 [56,58] Research on sustainable practices in advanced manufacturing shows how AI/IloT
’ can reconcile customization and environmental goals, supporting our proposition.
Decentralization and agility are emphasized in these works, demonstrating how
P9 [61,62] L . . .
distributed structures enhance responsiveness compared to hierarchical models.
P10 [67.69] These papers show how adaptation to market dynamics and consumer preferences
requires new structural models, validating the Industry 6.0 approach.
P11 [21,69] These contributions discuss how Al and IIoT enable scalable customization
strategies, supporting the balance of flexibility and scalability proposed in P11.
P12 [45,75,76] Sustainability as a strategic imperative is emphasized here, particularly the role of
supply chains and responsible resource management in long-term value creation.
P13 [24,79] These studies explore zero-defect manufacturing and cultural change for quality,
underlining the organizational and cultural shifts required for implementation.
P14 [19,20] These works provide evidence of predictive quality and defect prevention as

strategic levers, showing their role in resilience and agility.2
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