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Abstract

Industry 5.0 offers new opportunities to rethink operational excellence by combining advanced
technologies with sustainability, resilience, and human-centered value creation. This study examines
how Industry 5.0 enabling technologies contribute to seven dimensions of operational excellence:
efficiency and productivity, quality and reliability, organizational agility, continuous innovation,
customer satisfaction, environmental sustainability, and organizational resilience. Based on survey
data collected from 120 industrial companies that have begun integrating Industry 5.0 technologies,
multiple regression analyses were conducted to assess the differentiated influence of these
technologies on operational excellence outcomes. The results show that Industry 5.0 technologies do
not contribute uniformly across all dimensions. Big Data emerges as a transversal lever, while
Artificial Intelligence, Edge Computing, Digital Twins, Energy Efficiency Technologies, IoT, and
Additive Manufacturing show more specific effects depending on the performance dimension
considered. Environmental sustainability presents the strongest explanatory power, mainly
supported by Energy Efficiency Technologies, Big Data, and Digital Twins. The findings suggest that
Industry 5.0 adoption should follow a selective and contextual strategy aligned with firms’
operational, sustainability, and resilience objectives.

Keywords: digital transformation; Industry 5.0; sustainable industry; human-machine collaboration;
operational excellence; agility; resilience; innovation

1. Introduction

The Operational excellence is recognized as an organizational strategy that aims for greater
consistency and reliability while minimizing operational risk, reducing operating costs, and
increasing revenues (1-5). For some organizations, this approach requires the rigorous
implementation of structured methodologies, adapted to the specificities of their processes [2,3]. At
a strategic level, it also involves efficient practices and optimal management of business processes
[4]. However, simply mastering these methodologies, while essential, is not enough to guarantee
success, especially in the manufacturing industry [5]. Operational excellence involves continuous
improvement of key performance indicators [6]. The use of algorithms, machine learning, and other
artificial intelligence applications can contribute to the automated generation of these indicators [5].
In addition, the integration of sensors and software technologies into operational processes supports
operational excellence by enabling optimal process control [7].

In the emerging context of Industry 5.0, which prioritizes sustainability, human-centrity and
resilience for design and value creation, operational excellence finds a new dynamic by exploiting
the technological advances specific to this paradigm (12-14). Thus, research on operational excellence
has given rise to a diversity of approaches, both theoretical and practical. Initially, studies focused on
the efficiency and optimization of processes, in particular through maturity tools and performance
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indicators [11,12]. These approaches have gradually evolved towards a strategic perspective
integrating organizational agility, a culture of continuous improvement and strategic alignment with
the company’s overall objectives [7,13-15]. This transformation is also accompanied by a growing
consideration of sustainable dimensions and social responsibility, reinforced by the introduction of
digital technologies and the emergence of Industry 5.0, where people and sustainability are becoming
central pillars [16-19].

In this perspective, Rahardjo et al. recently proposed a sustainable innovation framework based
on integrative approaches combining Lean Six Sigma and Industry 5.0 technologies in order to
achieve optimal process performance (22,23). Similarly, Cuevas et al. (2024) analysed how proven
Lean Six Sigma methodologies effectively support the implementation of Industry 5.0, including
human-machine collaboration, continuous learning, risk management and skills development [22].
In addition, Fani et al. (2024) highlighted the potential synergies between Lean, Industry 4.0 and
Industry 5.0, thus developing a new paradigm called Lean 5.0, explicitly focused on people and
sustainability [23].

However, despite these contributions, the empirical understanding of how specific Industry 5.0
technologies contribute to different dimensions of operational excellence remains limited. Some
studies emphasize the direct potential of advanced technologies to improve performance, while
others underline that their effects depend on organizational readiness, human capabilities,
technological maturity, and contextual conditions. Current approaches still lack integrative empirical
models that jointly articulate Industry 5.0 technologies, sustainability, resilience, and multiple
dimensions of operational excellence. This gap is particularly important because technologies such
as Big Data, Artificial Intelligence, Digital Twins, IoT, Additive Manufacturing, Edge Computing,
Energy Efficiency Technologies, Cobots, 5G/6G networks, Internet of Everything, and Cyber-Physical
Cognitive Production systems may not influence all dimensions of operational excellence in the same
way.

Based on these observations, the central research question of this study is: how do Industry 5.0
technologies contribute to the improvement of the key dimensions of operational excellence from a
sustainable performance perspective? The objective of this article is to analyze the differentiated
influence of Industry 5.0 technologies on seven dimensions of operational excellence: efficiency and
productivity, quality and reliability, organizational agility, continuous innovation, customer
satisfaction, environmental sustainability, and organizational resilience. The study is based on an
empirical survey conducted with industrial companies that have begun implementing Industry 5.0
technologies, and it uses multiple regression analysis to identify the specific contribution of each
technology. The findings show that these technologies do not contribute uniformly across all
dimensions. Big Data emerges as a transversal lever, while Artificial Intelligence, Edge Computing,
Digital Twins, IoT, Additive Manufacturing, and Energy Efficiency Technologies show more specific
effects depending on the performance dimension considered. Based on these results, an empirically
supported operational excellence model is proposed to guide industrial companies toward
sustainable, human-centred, and resilient performance.

2. Materials and Methods

The methodological approach adopted in this study is based on a quantitative, cross-sectional
survey designed to assess how Industry 5.0 technologies contribute to different dimensions of
operational excellence and to evaluate their perceived degree of impact. The study focused on eleven
Industry 5.0 technologies in order to identify their concrete contributions to seven dimensions of
operational excellence: efficiency and productivity, quality and reliability, organizational agility,
continuous innovation, customer satisfaction, environmental sustainability, and organizational
resilience.

The empirical study was conducted using a structured questionnaire. The questionnaire was
developed based on a review of the literature on Industry 5.0, operational excellence, sustainable
performance, digital transformation, and advanced manufacturing technologies. Relevant studies
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were identified from academic databases such as ScienceDirect, IEEE Xplore, Google Scholar, and
MDPI, wusing keywords including “Industry 5.0, “operational excellence”, “sustainable
performance”, “digital transformation”, and “industrial resilience”. This literature review made it
possible to identify the main Industry 5.0 technologies examined in the study and the key dimensions
of operational excellence.

Before the final dissemination, the questionnaire was pre-tested and validated in collaboration
with 10 operational excellence practitioners. This pre-test was used to assess the clarity, relevance,
and comprehensibility of the questions and to ensure that the questionnaire was suitable for
practitioners working in industrial contexts. Based on this validation step, the final version of the
questionnaire was refined and then distributed internationally through professional contacts and
networks.

The questionnaire was disseminated to 500 industrial companies worldwide. The target
population consisted of companies that had adopted or begun integrating Industry 5.0 technologies
into their operational or business processes. After filtering the collected responses, 120 complete and
usable responses were retained for analysis. These responses came from operational excellence
practitioners at different hierarchical levels, all working in industrial companies that had adopted
Industry 5.0 technologies.

Participants were asked to identify the Industry 5.0 technologies implemented in their company
and to assess their perceived contribution to each dimension of operational excellence. The eleven
technologies considered in the study were Internet of Things, Big Data, Additive Manufacturing,
Artificial Intelligence, Digital Twins, Cobots, 5G/6G Networks, Edge Computing, Energy Efficiency
Technologies, Internet of Everything, and Cyber-Physical Cognitive Production systems. Each
operational excellence dimension was assessed using a five-point Likert scale, where 1 indicated a
very low perceived contribution and 5 indicated a very high perceived contribution.

The collected data were analyzed using IBM SPSS Statistics. Multiple regression analysis was
used to examine the relationships between the independent variables, corresponding to the Industry
5.0 technologies implemented by the surveyed companies, and the dependent variables,
corresponding to the seven dimensions of operational excellence. Separate regression models were
estimated for each operational excellence dimension in order to identify the specific contribution of
each technology. Model fit and predictor effects were assessed using standard regression indicators,
including R, R?, adjusted R?, ANOVA F-tests, standardized beta coefficients, t-values, p-values, and
diagnostic statistics. A significance threshold of p < 0.05 was used to identify statistically significant
effects, while p < 0.10 was considered indicative of a marginal effect.

To support transparency and reproducibility, the questionnaire, analysis protocol, and
anonymized data supporting the findings of this study are available from the corresponding author
upon reasonable request. Due to confidentiality restrictions related to participating companies, the
raw dataset cannot be made publicly available.

Figure 1 below illustrates the main methodological steps of the study.
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Figure 1. Methodological approach of the study.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Descriptive Overview

The sectoral diversity of the companies participating in the study reveals a balanced distribution
between different industrial sectors, as illustrated in Figure 2. The most represented sectors are the
automotive industry (27%) and the aeronautics industry (19%). This distribution allows a reasonable
generalization of the results obtained and underlines the cross-cutting interest of Industry 5.0
technologies.

= Aerospace
= Automotive
Civil Engineering/Construction
= Cosmetics
= Electronics
= Energy
= Finance
= Food and Beverage Industry
Information Technology
= Mining
= Nuclear
= Pharmaceutical
Other sectors
Transport & logistics

U

Figure 2. Sector Representation of Surveyed Companies.

Figure 3 shows the frequency of adoption of the main technologies associated with Industry 5.0
within the companies represented. There are differentiated levels of technology adoption, with a
wide deployment of analytics and connectivity tools, such as artificial intelligence (89%), the Internet
of Things (77%), and big data (66%). In contrast, technologies such as Digital Twins, Additive
Manufacturing, Cobots, 5G/6G networks and Cyber-Physical Cognitive Production systems remain
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less widely deployed, which is consistent with their relatively recent development and the varying
levels of technological maturity across countries and sectors.

100% 89%
90% —77%
0
60%
0, 0, 0,
30%
10%
0%
N
& 3 ;\\‘\% ¥ \"\\‘\L’ \oo’“rj o‘\g’ \,){_\0% .Q}‘C\ \('\\OQ" ,(;(3
& (’}'Q \& (Y C QL O &*\' <
@ N 2 ¥ (Jo@ & &
@@Q Q\Qo \‘0(9 ng/ Q}Q\ \‘0‘\
.\\Q/ <’)6 « <</° ‘(\6
& &
N
v

Figure 3. Frequency of main Industry 5.0 Technologies Implemented in represented compagnies.

The perceived impact of Industry 5.0 technologies differs across the seven dimensions of
operational excellence. The results (Figure 4) show that Industry 5.0 technologies have a perceived
very strong impact (level 5) on organizational agility (40%) and environmental sustainability (38%).
The impact is considered strong (level 4) on Efficiency & Productivity (51%), as well as on Quality
and Reliability (43%); On the other hand, the impact on continuous innovation, customer satisfaction
and organizational resilience is mostly at the moderate level (level 3), which testifies to a potential
that is being consolidated.
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Figure 4. Résultats de I’analyse de régression multiple.
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3.2. Multiple Regression Analysis

Multiple regression statistics were used to analyse the impact of multiple independent variables
(Industry 5.0 technologies) on a dependent variable (the dimensions of operational excellence). The
analysis is based on three main elements:

e  Evaluation of the overall quality of the model
e  Analysis of variance (ANOVA)
e Interpretation of regression coefficients

The regression models are statistically significant for all seven dimensions of operational
excellence (Table 1). This indicates that Industry 5.0 technologies collectively contribute to explaining
variations in operational excellence outcomes. However, the explanatory power varies from one
dimension to another, confirming that the contribution of Industry 5.0 technologies is differentiated
rather than uniform.

Table 1. Summary of multiple regression models.

Dependent variable R R?  Adjusted R? Std. Error Durbin-Watson F Sig.
Efficiency and Productivity 0.562 0.316 0.246 0.763 2.014 4.54 <0.001
Quality and Reliability 0.617 0.381 0.318 0.826 2.058 6.04 <0.001
Organizational Agility 0.541 0.293 0.221 0.928 2.105 4.07 <0.001
Continuous Innovation 0.499 0.249 0.173 0.850 2.012 3.26  0.001
Customer Satisfaction 0.522 0.272 0.198 0.810 2.025 3.67 <0.001
Environmental Sustainability ~ 0.748 0.560 0.515 0.864 2.000 12.49 <0.001
Organizational Resilience 0.491 0.241 0.164 0.792 2.150 3.12  0.001

The strongest explanatory power is observed for environmental sustainability, with an adjusted
R? of 0.515. This indicates that 51.5% of the variance in environmental sustainability is explained by
the Industry 5.0 technologies included in the model. Quality and reliability also show a relatively
strong explanatory power, with an adjusted R? of 0.318. Efficiency and productivity, organizational
agility and customer satisfaction show moderate explanatory power, while continuous innovation
and organizational resilience show more modest levels of explanation.

These results are theoretically consistent. Environmental sustainability is more directly linked
to technological levers such as energy efficiency technologies, data analytics and simulation tools. By
contrast, innovation and resilience are more complex organizational capabilities that depend on
technology, but also on human skills, leadership, organizational culture and long-term learning
processes.

Table 2 reports the significant and marginal effects of Industry 5.0 technologies on each
dimension of operational excellence, based on the standardized regression coefficients.

Table 2. Significant and marginal effects of Industry 5.0 technologies.

Dependent variable Predictor Standardized p  t-value p-value
Efficiency and Productivity Big Data 0.226 2.56 0.012
Efficiency and Productivity Edge Computing 0.214 2.35 0.021
Efficiency and Productivity Artificial Intelligence 0.181 2.05 0.043

Quality and Reliability Big Data 0.341 3.78 <0.001
Quality and Reliability Artificial Intelligence 0.205 2.40 0.018
Quality and Reliability Digital Twins 0.176 2.02 0.046

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Organizational Agility Big Data 0.258 2.95 0.004
Organizational Agility IoT 0.184 2.07 0.041
Continuous Innovation Big Data 0.219 2.47 0.015
Continuous Innovation Digital Twins 0.191 2.17 0.032
Customer Satisfaction IoT 0.213 2.40 0.018
Customer Satisfaction Additive Manufacturing 0.202 2.29 0.024
Environmental Sustainability ~Energy Efficiency Technologies 0.552 7.45 <0.001
Environmental Sustainability Big Data 0.238 3.02 0.003
Environmental Sustainability Digital Twins 0.184 2.23 0.028
Organizational Resilience Energy Efficiency Technologies 0.247 2.81 0.006
Organizational Resilience Additive Manufacturing 0.181 1.99 0.049
Organizational Resilience Big Data 0.165 1.92 0.058

The regression model for efficiency and productivity is statistically significant, with an adjusted
R? of 0.246. Big Data, Edge Computing and Artificial Intelligence have significant positive effects.
These results indicate that efficiency gains in Industry 5.0 environments are mainly supported by
technologies that improve data processing, real-time decision-making and intelligent automation.

Big Data contributes to operational efficiency by supporting process monitoring, bottleneck
identification and evidence-based decision-making. Edge Computing enables faster processing of
operational data close to production systems, reducing latency and improving responsiveness.
Artificial Intelligence contributes through predictive analytics, automation and decision-support
capabilities.

The model for quality and reliability shows an adjusted R? of 0.318. Big Data has the strongest
significant effect, followed by Artificial Intelligence and Digital Twins. This suggests that quality and
reliability are particularly influenced by technologies that support predictive control, anomaly
detection and process simulation.

Big Data enables firms to detect patterns and deviations in production processes. Artificial
Intelligence supports predictive maintenance and intelligent quality control. Digital Twins allow
virtual testing and simulation of production systems, contributing to greater reliability and reduced
process variability.

The regression model for organizational agility is statistically significant, with an adjusted R? of
0.221. Big Data and IoT are significant positive predictors. These results suggest that agility is mainly
supported by the ability to collect, process and use information rapidly.

Big Data improves decision-making and helps organizations respond more quickly to
operational changes. IoT strengthens real-time connectivity between machines, products and
processes, increasing visibility and responsiveness. Other technologies, such as 5G/6G networks,
Cobots and Internet of Everything, do not show significant direct effects in this model, which may be
explained by their still-emerging level of deployment and their dependence on integration maturity.

The model for continuous innovation has a more modest explanatory power, with an adjusted
R? of 0.173. Big Data and Digital Twins have significant positive effects. This indicates that innovation
is supported by technologies that generate knowledge, enable experimentation and facilitate
continuous improvement.

Big Data helps identify operational trends, customer needs and improvement opportunities.
Digital Twins support innovation by enabling simulation, rapid testing and virtual experimentation.
However, the moderate explanatory power of the model confirms that continuous innovation
depends not only on technology, but also on organizational learning, leadership, employee
involvement and innovation culture.
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The customer satisfaction model is statistically significant, with an adjusted R? of 0.198. IoT and
Additive Manufacturing have significant positive effects. These results suggest that customer
satisfaction is mainly influenced by technologies that improve connectivity, customization and
responsiveness.

IoT allows firms to collect real-time information about product use, service performance and
customer needs. Additive Manufacturing enables greater customization, shorter development cycles
and more flexible responses to specific customer requirements. However, customer satisfaction also
depends on non-technological factors such as service quality, delivery reliability and communication
with customers.

The environmental sustainability model shows the strongest explanatory power, with an
adjusted R? of 0.515. Energy Efficiency Technologies have the strongest significant effect, followed by
Big Data and Digital Twins.

This result confirms that environmental sustainability is the dimension most directly influenced
by Industry 5.0 technologies. Energy Efficiency Technologies contribute to reducing energy
consumption and improving resource use. Big Data supports environmental performance
monitoring and optimization. Digital Twins allow firms to simulate production systems and optimize
energy flows before implementation.

These results are consistent with the sustainability-oriented logic of Industry 5.0, where
technological adoption is not limited to productivity gains but also supports greener, more
responsible and more resource-efficient operations.

The model for organizational resilience is statistically significant but shows the lowest adjusted
R?, at 0.164. Energy Efficiency Technologies and Additive Manufacturing have significant positive
effects, while Big Data shows a marginal positive effect.

Energy Efficiency Technologies can improve resilience by reducing vulnerability to energy-
related disruptions and supporting more stable operations. Additive Manufacturing can strengthen
resilience by increasing production flexibility, enabling localized production and reducing
dependence on traditional supply chains. Big Data may also support resilience by improving risk
anticipation and decision-making, although its effect remains marginal in this model.

The modest explanatory power of this model is theoretically acceptable, since organizational
resilience is a multidimensional capability that depends not only on technology, but also on
leadership, crisis management, workforce flexibility, supplier relationships and organizational
learning.

4. Discussion

The results of this empirical study suggest that Industry 5.0 technologies exert a differentiated
influence on the constituent dimensions of operational excellence. Rather than producing uniform
effects across all performance dimensions, these technologies appear to contribute selectively
according to the nature of the operational objective considered. This finding supports the idea that
Industry 5.0 technologies should not be considered universal solutions, but rather strategic
technological levers whose effects depend on the targeted performance dimension, the level of
technological maturity, and the organizational context in which they are implemented.

A first important insight concerns the central role of data-driven capabilities. Big Data emerges
as a transversal technological lever, with significant and recurring effects on several dimensions of
operational excellence, including efficiency and productivity, quality and reliability, organizational
agility, and continuous innovation. In production systems, Big Data supports process visibility,
bottleneck identification, predictive decision-making, resource optimization, and real-time
monitoring. These mechanisms help organizations improve productivity, reduce operational
inefficiencies, strengthen quality control, and respond more rapidly to changes in their environment.
Big Data analytics techniques also contribute to real-time decision-making by enabling the
recognition and elimination of non-essential elements, maximizing predictability, and identifying
new improvement opportunities [24]. These findings are consistent with previous research showing

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.2179.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2026 d0i:10.20944/preprints202606.2179.v1

9 of 15

that Big Data has a significant impact on engineering and manufacturing by improving operational
efficiency, product quality, and personalization capabilities [25].

Artificial Intelligence and Edge Computing also contribute positively to operational
performance, although their effects appear more specific. Artificial Intelligence is mainly associated
with efficiency and productivity as well as quality and reliability. This can be explained by its ability
to support predictive analytics, anomaly detection, intelligent automation, decision support, and
predictive maintenance. In Industry 5.0 environments, Al is not only a tool for automation but also a
means of supporting human decision-making by reducing information overload, minimizing errors,
improving safety, and enabling more sustainable products and services [24]. dge Computing, for its
part, contributes particularly to efficiency and productivity by allowing data to be processed closer
to machines and production systems. This reduces latency, improves operational responsiveness, and
facilitates preventive failure detection through real-time communication and predictive analytics
(26,28).

The results also highlight the importance of simulation and experimentation capabilities. Digital
Twins contribute to quality and reliability, continuous innovation, and environmental sustainability.
This suggests that their value lies in their ability to create virtual representations of physical systems,
test alternative scenarios, anticipate failures, and optimize processes before implementation in real
environments. Their contribution to continuous innovation is particularly relevant, since they
facilitate experimentation, rapid testing, and learning without disrupting ongoing operations. In
relation to environmental sustainability, Digital Twins can support the simulation of energy flows,
the optimization of resource consumption, and the design of more sustainable production systems.

A particularly notable result concerns environmental sustainability, which presents the
strongest explanatory power among the dimensions studied. Energy Efficiency Technologies are the
most decisive predictor of this dimension, followed by Big Data and Digital Twins. This finding is
consistent with the sustainability-oriented logic of Industry 5.0, which emphasizes not only
productivity and technological performance, but also responsible and resource-efficient operations.
Smart energy management systems can promote energy efficiency through real-time monitoring and
control of energy systems, improve technical and operational efficiency, assess energy quality, and
enhance the reliability of energy systems (29). he significant contribution of Big Data and Digital
Twins further indicates that environmental sustainability benefits from the combination of
measurement, analytics, and simulation capabilities.

The effects of IoT and Additive Manufacturing appear more specific. IoT contributes to
organizational agility and customer satisfaction by improving connectivity, real-time visibility, and
responsiveness. In customer-oriented contexts, IoT can help firms monitor product use, service
performance, and customer needs more effectively. Additive Manufacturing contributes to customer
satisfaction and organizational resilience. Its contribution to customer satisfaction may be related to
customization, shorter development cycles, and greater flexibility in responding to specific customer
requirements. Its contribution to resilience can be explained by its potential to support decentralized
production, reduce dependence on traditional supply chains, and increase operational flexibility
during disruptions.

Regarding organizational resilience, the overall explanatory power of the model remains more
modest compared with other dimensions. Energy Efficiency Technologies and Additive
Manufacturing show significant positive effects, while Big Data presents a marginal contribution.
This result suggests that resilience is not determined by technology alone. Although technological
tools can support risk anticipation, production flexibility, and operational stability, organizational
resilience also depends on leadership, crisis management capabilities, workforce flexibility, supplier
relationships, organizational learning, and the culture of adaptability. Therefore, the relatively lower
explanatory power observed for resilience is theoretically acceptable and highlights the need to
examine the interaction between technological, human, and organizational factors.

Some technologies, including 5G/6G networks, Cobots, Internet of Everything, and Cyber-
Physical Cognitive Production systems, do not show significant direct effects across most models.
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This result should not be interpreted as evidence that these technologies are irrelevant. Rather, it
suggests that their impact may be indirect, context-dependent, or conditioned by the level of
technological integration and organizational maturity. These technologies are still at different stages
of deployment across sectors and countries, and their potential benefits may become more visible
when digital infrastructure, workforce skills, investment capacity, and integration capabilities reach
a sufficient level of maturity.

The multi-country nature of the study provides a broader view of Industry 5.0 adoption, but it
also introduces heterogeneity in terms of technological infrastructure, national digital maturity,
industrial priorities, and organizational readiness. This heterogeneity may partly explain why some
emerging technologies do not show significant direct effects. In countries or sectors where 5G/6G
networks, Cobots, or Cyber-Physical Cognitive Production systems are still in an early stage of
implementation, their contribution to operational excellence may not yet be fully measurable. Future
research should therefore investigate country-level and sector-level differences more deeply,
particularly by examining the moderating role of technological maturity, digital infrastructure, and
organizational readiness.

From a managerial perspective, these findings support a selective and strategic approach to
Industry 5.0 adoption. Companies seeking productivity gains may prioritize Big Data, Artificial
Intelligence, and Edge Computing. Firms aiming to improve quality and reliability may benefit from
Big Data, Artificial Intelligence, and Digital Twins. Organizations focusing on environmental
sustainability should prioritize Energy Efficiency Technologies, supported by Big Data and Digital
Twins. For customer-oriented performance, IoT and Additive Manufacturing appear particularly
relevant, while resilience requires the combination of technological investments with organizational
learning, flexibility, and risk management capabilities.

This study supports a contextual and capability-based view of Industry 5.0. Technologies create
value when they are aligned with organizational objectives, embedded in appropriate processes, and
supported by human skills and managerial commitment. Operational excellence in the Industry 5.0
era should therefore be understood not as the result of technology adoption alone, but as the outcome
of a balanced integration of technological, human, organizational, and sustainability-oriented
capabilities. The proposed operational excellence model reflects this differentiated logic by showing
that each dimension can be supported by specific technological levers, while recognizing that their
effectiveness depends on contextual and organizational conditions.

The analysis also highlights that the impact of technologies varies according to the dimensions,
which legitimizes a differentiated approach to their adoption. It is therefore not a question of
considering Industry 5.0 technologies as universal solutions, but rather as specific catalysts to be
mobilized according to priority performance objectives.

This analysis provides a framework for understanding how Industry 5.0 technologies can be
integrated into organizational practices to achieve sustainable and human-centered performance.
These findings converge towards the proposal of an operational excellence model based on Industry
5.0 technologies (Figure 5), structured around the seven fundamental dimensions. Each dimension is
supported by disruptive technologies acting as transversal catalysts to optimize processes and ensure
sustainable, human-centric performance.
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Figure 5. Operational Excellence Model based on Industry 5.0 Technologies.

Practical Implications

Given the differentiated effects of Industry 5.0 technologies on the various dimensions of
operational excellence, a targeted and contextual approach is recommended. The results indicate that
the adoption of these technologies should not be considered a one-size-fits-all process, but rather a
strategic decision aligned with the company’s performance priorities, internal capabilities and level
of technological maturity. Therefore, before integrating Industry 5.0 technologies, companies should
carefully assess their organizational readiness, digital infrastructure, human skills and sustainability
objectives in order to maximize their potential benefits.

From a managerial perspective, this study encourages managers to develop an integrative and
balanced vision of operational excellence. The proposed model, structured around the seven
fundamental dimensions of operational excellence and the technological levers identified in the
empirical analysis, provides a useful analytical framework for prioritizing technological investments.
It can help managers align technology adoption with their strategic ambitions while ensuring
consistency with the sustainability, resilience and human-centric objectives advocated by Industry
5.0.

In addition, the technological transformation associated with Industry 5.0 requires major
adjustments in terms of human skills [28]. Companies should invest in continuous training and in the
development of employees’ technological, analytical and problem-solving capabilities in order to
maximize the benefits of the technologies adopted. Particular attention should also be paid to
organizational and cultural integration, as the successful adoption of Industry 5.0 technologies
depends not only on technological deployment, but also on employee involvement, change
management and the ability of teams to use these tools effectively.

Finally, companies should adopt a proactive approach to risk management when implementing
Industry 5.0 technologies. In particular, Digital Twins, intelligent monitoring systems and data-
driven decision-support tools can help firms anticipate disruptions, simulate operational scenarios
and strengthen organizational resilience. However, resilience should not be viewed as a purely
technological outcome; it also depends on organizational learning, managerial preparedness,
workforce flexibility and the capacity to adapt to changing conditions.

In short, this study contributes to the literature by proposing an empirical framework that links
Industry 5.0 technologies with the dimensions of operational excellence. It highlights the value of an
integrative vision combining economic performance, continuous innovation, environmental
sustainability and organizational resilience. However, the cross-sectional nature of the study does
not allow the evolution of technological impacts to be observed over time. Longitudinal research
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would therefore be necessary to better assess the dynamics of Industry 5.0 implementation and its
delayed effects on organizational performance. Moreover, some emerging technologies, such as
5G/6G networks, Cobots, Internet of Everything and Cyber-Physical Cognitive Production systems,
remain at different stages of deployment across companies, sectors and countries, which may explain
their limited direct significance in the results. Future research could therefore focus on comparative
sectoral or cross-country studies, longitudinal analyses of medium-term effects, and the evaluation
of synergies between technological, methodological and behavioural levers. It would also be relevant
to explore the conditions required for successful cultural change toward sustainable operational
excellence

5. Conclusions

This study highlights the differentiated effects of Industry 5.0 technologies on the various
dimensions of operational excellence. The results of the multiple regression analysis show that certain
technologies, such as Big Data, Artificial Intelligence, Edge Computing, Digital Twins and Energy
Efficiency Technologies, exert significant effects on specific dimensions of organizational
performance, ranging from efficiency and productivity to environmental sustainability. Other
technologies, such as 5G/6G networks, Cobots, Internet of Everything and Cyber-Physical Cognitive
Production systems, appear to play a more contextual or indirect role, requiring specific
implementation conditions and higher levels of technological maturity to deploy their full potential.

Beyond these findings, the results confirm that the adoption of Industry 5.0 technologies should
not be approached as a one-size-fits-all strategy. Rather, it should be part of a targeted and contextual
strategy aligned with the specific objectives, capabilities and maturity level of the organization. The
integrative model proposed in this study, which articulates seven key dimensions of operational
excellence with the relevant technological levers, offers a structuring framework to guide industrial
companies toward sustainable, human-centred and resilient performance.

At the academic level, this study enriches the literature on digital transformation and
operational excellence by integrating an Industry 5.0 perspective, which remains relatively
underexplored empirically. From a managerial perspective, it provides decision-makers with
practical guidance for prioritizing technological choices according to the most relevant performance
levers and strategic objectives.

Future research may extend this analysis to specific sectors, compare different countries or
regions, explore the combined effects of technologies with methodological and behavioural levers, or
conduct longitudinal studies to assess the evolution of technological impacts over time. Such
investigations would contribute to a deeper understanding of the complex dynamics of industrial
transformation in the era of Industry 5.0.
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