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Abstract:

With artificial intelligence (Al) transforming operations management, lean professionals—
ranging from in-house practitioners to external consultants—face both opportunities and
tensions. This study explores how Al influences their practices and roles by applying a Delphi-
Régnier method with experts from industry, academia, and consulting. It examines
organizational, technological, informational, and people challenges. We aim to offer
preliminary insights into the challenges faced by lean professionals, including how they
navigate between executional tasks and strategic advisory roles. It also investigates how Al
complements human expertise within hybrid decision-making systems. The study will propose
practical guidelines for aligning Al integration with lean principles.
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Introduction

Artificial Intelligence (Al) is reshaping operations management, from traditional operations to
knowledge-intensive professional services, by offloading low-value tasks and generating
insights that enhance high-value advisory work (Mithas et al., 2022; Spring et al., 2022). As Al
increasingly assumes cognitive tasks like decision-making, researchers have yet to fully grasp
the interplay between Al and human factors, and its repercussions for established professions
(Meissner and Keding, 2021). Lean professionals—ranging from in-house practitioners to
external consultants—, with its strong commitment to both process improvement and people-
centric approaches, exemplifies a tension that becomes even more pronounced in the face of Al
(Khan et al., 2024).

Al holds great promise for lean practices by not only enabling real-time process
improvement and boost of lean tools (Chiarini and Kumar, 2025), but also supporting greater
employees’ interaction and knowledge sharing (Tortorella et al., 2024). However, trust issues
further complicate the picture; experienced employees who shoulder broader responsibilities
often show skepticism toward Al, considering potential deceleration in productivity gains
(Wang et al., 2024) and highlighting the inherent challenges of transitioning from human-only
to hybrid decision-making systems (Feuerriegel et al., 2022).

Lean, with its emphasis on field observation, methodical experimentation, pragmatic skills
development, and critical reasoning, calls for a measured, need-driven transformation while
creating opportunities for collaboration between Al and lean consultants (Alavi and Westerman,
2023). Chiarini and Kumar (2025) highlight the key role that lean leaders play as learning
facilitators for the integration of digitalization and lean. Yet, while lean professionals have
traditionally guided improvement initiatives and shared expertise, lean culture also empowers
every employee to act as a local expert—making it increasingly challenging to balance
decentralized knowledge with centralized oversight in digitalized contexts. For instance, Schou
and Nesheim (2024) show how experts reclaim power by leveraging their agency under digital
surveillance.

These studies illustrate the complex challenges lean professionals face in integrating digital
technologies into their lean practices. While a growing body of research explores responses to
Industry 4.0 and lean, most adopt a macro-level perspective. When practitioners’ views are
considered, it is often in service of adapting lean tools to improve performance.Our goal is to
explore AI’s impact on knowledge work within the context of lean, focusing on how those
engaged in lean practice perceive and are affected by it. We seek to understand how Al could
support the development of “the next generation learning systems [...] rather than simply
adopting Al to optimize existing systems” (Powell, 2024: p. 724), by focusing on what lean
professionals think and anticipate. Accordingly, our research question—broad and exploratory
by design—is as follows: What are the challenges of integrating Al into lean environments
from the perspective of lean professionals?

Literature review

Artificial Intelligence in Lean organizations

The integration of Al is beginning to transform companies’ business models, while also
offering new disruptive innovation opportunities in the design of work. Based on OCDE.AI
Policy Observatory definition!, “Al is a machine-based system that, for explicit or implicit
objectives, infers, from the input it receives, how to generate outputs such as predictions,
content, recommendations, or decisions that can influence physical or virtual environments.
Different Al systems vary in their levels of autonomy and adaptiveness after deployment®. All
forms of Al differ in their capacity to interact with employees and incorporate a “human-in-the-
loop” approach, ensuring human oversight of critical processes and limiting the risks associated
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with full automation (Castan¢ et al., 2023; Helo and Hao, 2022; Jackson et al., 2024; Senoner
etal.,2022,2024).

In lean organizations, Al could bring multiple benefits by reshaping operational decision-
making by automating routine tasks, analyzing large volumes of data, and enabling data-driven
decision-making. Key applications—such as process optimization, predictive maintenance, and
demand forecasting—demonstrate Al’s potential to eliminate guesswork and identify optimal
choices (Helmold, 2020). This synergy not only improves performance but also cultivates an
adaptive organizational culture grounded in continuous improvement (Abbasi et al., 2024).
Research shows that Al readiness and organizational flexibility positively influence the
sustainability and value-creation potential of lean systems (Adiguzel ef al., 2024). Furthermore,
the integration of Al has the potential to enhance employee experience by supporting cognitive,
physical, emotional and behavioral dimensions of work (Passalacqua et al., 2025). By
harmonizing Al capabilities with Lean practices, organizations can drive transformative change
while upholding human-centric values. For example, Pongboonchai-Empl et al. (2025) provide
an innovative framework suggesting how Al, and other industry 4.0 technologies, could
enhance different tools used through the PDCA process, Looking ahead, future research should
explore how this integration can support carbon-neutral goals, enhance the resilience of smart
factories, and foster next-generation organizational learning systems (Powell, 2024).

However, Al implementation comes with significant challenges, as highlighted in a
systematic literature review by Lee ef al. (2023), which points out the most salient issues for
the adoption of Al in organizations, including organizational-related issues ; information
systems related issues ; technology-related issues ; and people-related issues. In the particular
context of the integration of Industry 4.0 technologies in lean environments, many similar
barriers have also been identified. K. E. K. et al. (2025) create a structure in which challenges
are interrelated—top management reluctance due to traditional mindset, high investment, data
privacy concerns, ethical dilemmas, concerns over data quality, dependence on service
providers, lack of trained employees and consultants, complexity in integrating Al with decision
making, lack of IT infrastructure, and concern over premature technology—and proposes a
roadmap so organizations can overcome such challenges. Furthermore, the risk of goal
misalignment across teams, resistance to cultural change, and over-reliance on automation at
the expense of human creativity, may be increased (Holweg et al., 2023). Skalli et al. (2025)
list similar challenges and propose a 14-step implementation process featuring case studies from
the automotive and mining industries, providing evidence of increased operational
performance. While these studies help us gauge the challenges associated with integrating
Industry 4.0 into lean environments, further analysis is needed to specifically address the
integration of Al within these environments.

As with every change, implementation of Al within a lean environments depends on
involving employees throughout the process to prevent disengagement and to fully realize AI’s
benefits (Tortorella et al., 2024). Engagement highly depends on lean employees’ attitudes
towards the benefits and challenges of integrating Al into their lean-related work. Although
improved operational performance is the main driver of implementing Al from an
organizational point of view, it is the sensemaking and the practices of those doing the work
that ultimately matters (Frank ez al., 2024). For example, Frank et al. (2025) show that the
benefits of Al for Brazilian manufacturing firms are only reaped if it positively transforms
employees’ problem-solving and continuous improvement practices. Galeazzo et al. (2024)
obtained similar results in the context of Italian manufacturing firms. Addressing people-related
challenges should be prioritized.

Effects of Al utilization on employees



Al can enhance the quality and precision of operational task execution while also serve as a
means to develop employee skills (Wilkens, 2020). Previous studies showed that Al has effects
on employee productivity, motivation, and engagement (Passalacqua et al., 2025).
Additionally, employee experience moderates the relationship between Al and operational
performance, with Al proving particularly advantageous for those with substantial operational
expertise (Wang et al., 2019). AI’s mode of integration can significantly influence perceived
reliability, trust, and the effectiveness of decision-making processes (Pataranutaporn et al.,
2023). Particularly focusing on decision-making, Boussioux et al., (2024) show that while
decisions made exclusively by employees are generally more innovative, those made with Al
support tend to be of higher quality and reliability.

However, the effects of Al integration on employees’ outcomes goes beyond task
performance. Employees’ needs, skills, and professional identity are often overlooked during
the development and integration process of Al (Berretta et al., 2023). Employees often
encounter paradoxical challenges, making the integration of Al far from straightforward. Al
introduce new tensions—such as balancing reliance on algorithmic recommendations with
professional judgment, or navigating shifts in autonomy and responsibility (Pataranutaporn et
al., 2023). In regards to judgment, this finding is in line with the work of Pettersen (2019), who
argues that many aspects of work require contextual, social, and relational problem-solving—
dimensions that are difficult to automate. Where Al systems struggle to incorporate context,
human interpretation, and social interactions, employees may retain an advantage over Al
systems. Lee ef al. (2025) adds trust to the complex relationship between Al and critical
thinking: higher trust in Al tends to reduce the use of critical thinking, while higher self-
confidence tends to strengthen it. Interestingly, likely due to a degree of mistrust stemming
from their deep knowledge of organizational mechanisms and the perceived limitations of Al,
experienced employees, who could benefit the most from Al tend to use it less (Wang et al.,
2019).

In regards to Al framed as supportive rather than authoritative tool, Freisinger et al. (2024)
reveal diverging perceptions between managers and operators regarding the impact of Al on
their responsibilities and autonomy. Awareness of the risk of being replaced by Al is associated
with a decline in organizational commitment and job satisfaction, while also correlated with
increased voluntary turnover intentions, cynicism, and depressive symptoms (Brougham and
Haar, 2018). Consequently, employees’ motivation could be undermined, leading them to adopt
various protective strategies or new roles to safeguard their interests in the face of Al-induced
transformations (Faulconbridge et al., 2023). It seems necessary to understand how employees
evaluate the consequences of Al on their own work, namely on their role. Empirical evidence
shows that Al can gradually transform employees from executors to evaluators, supervisors,
and more (Simkute ef al., 2025).

These paradoxes highlight that the benefits of Al are often accompanied by uncertainty and
adaptation demands for lean professionals thereby calling for a deeper investigation into the
factors that influence how they perceive the use of Al and how it influences their practices and
their roles. In lean environments, little is known about the effects of Al on employees. The next
step is to further explore the full range of challenges and their effects on employees’ cognitive,
emotional, and behavioral dimensions.

Methodology

This study represents the first phase of a broader, multi-stage exploratory research project
examining the interactions between artificial intelligence (AI) and lean management practices.
By adopting a mixed-methods approach, our aim is to generate rich, contextual insights into
how Al is transforming the roles and practices of lean experts— ranging from in-house
practitioners to external consultants. Specifically, the research aim to understand challenges
and consequences from the position of lean professionals. To initiate this inquiry, we designed
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a Delphi-Régnier study to address our initial research question: What are the challenges of
integrating Al into lean environments from the perspective of lean professionals?

Given the lack of consensus in the existing literature and the emerging, experience-driven
nature of the topic, expert input is essential. Al integration into lean environments and therefore
lean practices is both complex and forward-looking, often intersecting with sensitive issues
such as workforce transformation, data accessibility, and cultural change. These characteristics
make the Delphi-Régnier methodology particularly well-suited for our research (Naranjo et al.,
2023).

The Delphi-Régnier method combines two complementary approaches:

e The Delphi technique, which relies on anonymous, multi-round consultation to build
consensus among experts (Skulmoski et al., 2017) ;

e The Régnier method, which introduces a scoring mechanism to assess the intensity of
agreement or disagreement and to highlight areas of divergence (Maleki, 2009).

This hybrid approach enables both quantitative aggregation of expert opinions and
qualitative analysis of differing perspectives. It is especially effective for addressing
ambiguous, interdisciplinary topics like the integration of Al into lean environments—where
empirical evidence is limited (Moeuf et al., 2017 ; Riemens et al., 2021), but practitioner
insights are rich and necessary. Furthermore, the anonymity of Delphi rounds mitigates bias
from group dynamics, while the Régnier scoring provides structured, interpretable feedback.
To ensure a diverse and relevant expert base, we employed a multi-panel design involving three
key groups: (1) CEOs or lean leaders in companies that have implemented lean practices; (2)
academics working on lean management and/or Industry 4.0 and 5.0 topics; and (3) strategy
consultants involved in digital and operational transformations.

Most of the participants are affiliated with well-known lean-focused non-profit organizations
such as the French Lean Institute and the Canadian Kata Practitioners Group. For the first round
of the Delphi-Régnier study, we targeted approximately 50 experts across the three key groups.
This panel composition is designed to ensure data relevance, precision, and breadth, while also
laying the groundwork for identifying and addressing future challenges in Al integration.

The themes addressed in the first round are derived from the key challenges outlined by Lee
et al. (2023) and are grouped into five broad categories: (1) Organizational challenges, (2)
Information systems-related challenges, (3) Technological challenges, (4) People-related
challenges, and (5) The evolving role of lean experts in addressing these challenges. Some
open-ended questions were added at the end (See Appendix 1) to prepare for the following
rounds. The first Delphi-Régnier round is scheduled to take place between April and June 2025.

Anticipated findings

This study is expected to yield insights into the ways Al integration influences lean
professionals - ranging from in-house practitioners to external consultants. Most of the
challenges will be explored throughout the lenses of lean expertise. It will serve as a comparison
with Lee et al. (2023) list of challenges. With the several rounds of the Delphi-Régnier, we will
be able to identify the challenges related to Al integration into lean environments by presenting
a ranked list of challenges by relevance and criticality. Consensus areas and divergent views
between experts will be discussed and the comments coupled with additional interviews might
enable rich qualitative data. It will serve as a robust foundation for developing implementation
frameworks or guidelines for Al-Lean integration.

First, AI’s introduction of advanced analytics, automation of routine tasks, and real-time
decision-support is likely to reshape lean consultants’ activities. However, tension may arise
between leveraging these efficiencies and maintaining the human-centric ethos central to lean.
Rather than fully displacing traditional practices, we anticipate a hybrid, intricate approach,
where Al augments human expertise and fosters complementary teamwork.



Second, the evolving role of lean professionals will likely entail a shift away from primarily
executional tasks and toward strategic advisory responsibilities. Thus, it is possible that lean
consultants may act as orchestrators of Al integration, requiring enhanced competencies in data
interpretation, ethical governance, and cross-functional collaboration. The focus might shift
from operations orientation to design orientation. Concerns may arise over entrusting decision-
making to Al, potentially fueling debates on cognitive autonomy and identity within the lean
profession.

Conclusion

This research will enrich the discourse on Al and lean, both theoretically and practically.
Theoretically, we aim to offer a preliminary conceptual framework for understanding human-
Al collaboration within lean, addressing gaps concerning decision-making dynamics and hybrid
roles (Schou and Nesheim, 2024). By examining the distinction between “executional agency”
and “thinking agency,” the study will offer insights into cognitive autonomy in Al-driven
workflows.

Practically, the research will identify essential skill sets for lean professionals. These
findings will guide training programs or organizational adaptation. The study will offer strategic
insights to align Al integration with lean principles, ensuring technology complements
established practice. It will also provide policy recommendations on overcoming employee
resistance, ensuring data ethics, and promoting equitable decision-making.
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Appendix 1 : Delphi-Régnier First Round

Organizational challenges

1.

N

S

Main challenges for integrating Al in lean environments will be related to related to organizational
resistance at different levels

Main challenges for integrating Al in lean environments will be related to organizational leaders'
misconceptions

Main challenges for integrating Al in lean environments will be related to organizational lack of agility
Main challenges for integrating Al in lean environments will be related tohigh cost of investments

Main challenges for integrating Al in lean environments will be related to lack of leadership

Main challenges for integrating Al in lean environments will be related to lack of knowledge about Al usage

Informations systems related challenges

—_

Main challenges for integrating Al in lean environments will be related toethical and legal constraints
Main challenges for integrating Al in lean environments will be related toprivacy and confidentiality
Main challenges for integrating Al in lean environments will be related tomechanisms of controlling Al
systems

Main challenges for integrating Al in lean environments will be related tomaintaining and upgrading Al
systems

Main challenges for integrating Al in lean environments will be related to biases and security risk
Main challenges for integrating Al in lean environments will be related to lack of audit tools and
standards/guidelines

Main challenges for integrating Al in lean environments will be related to data management issues
Main challenges for integrating Al in lean environments will be related to making Al and human
intelligence work together

Technological challenges

1.

Main challenges for integrating Al in lean environments will be related to immature and unstable Al
technology resulting in unsatisfactory results

Main challenges for integrating Al in lean environments will be related to technology capabilities being
oversold

Main challenges for integrating Al in lean environments will be due to Al's lack of transparency (black box)
Main challenges for integrating Al in lean environments will be due to Al's inability to perform multiple
tasks at once (a single model for a single task only)

Main challenges for integrating Al in lean environments will be related to integrating with existing
technology, system, and processes

People related challenges

1.

bt

Main challenges for integrating Al in lean environments will be related to lack of expertise and trained Al
users

Main challenges for integrating Al in lean environments will be related to redeployment of "workers"
Main challenges for integrating Al in lean environments will be related to depletion of Al users’ skills
Main challenges for integrating Al in lean environments will be related to negative perception of Al
introducing human redundancies

Main challenges for integrating Al in lean environments will be related to human isolation

Main challenges for integrating Al in lean environments will be related to new knowledge and skillsets
required of the workers

Main challenges for integrating Al in lean environments will be related to customers' desire for human
interaction

Main challenges for integrating Al in lean environments will be related to customers' fear and distrust of Al



Lean profession related challenges

1.

2.

The ability of lean experts to tackle these challenges will be crucial for the successful integration of Al into
their lean environment (specify the role they will have in the comment section)

The role of lean experts will change dramatically compared to their current role in their lean enviromnent
(specify why and how in the comment section)

Lean experts will develop radically new and specific competencies related to the integration of Al in their
lean environment (specify in the comment section)

The work of lean experts will be negatively impacted using Al (specify the impacted practices in the
comment section)

Additional information

N

S

What other challenges for the integration of Al in lean environments regarding people (ranging from
operators to top management) do you foresee?

What other challenges for the integration of Al in lean environments regarding the use of lean concepts,
tools and practices do you foresee?

What other challenges for the integration of Al in lean environments in general do you foresee?

Please describe in your own words how do you envision the integration of Al in lean environments?
Why is the integration of Al in lean environments important?

Which changes do you anticipate in your field (lean profession) due to the integration of Al in lean
environments?
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