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The rapid evolution of Industry 4.0 technology has brought considerable possibilities for the
use of innovation in the industry. However, an ongoing issue called the “Implementation gap”
hinders the scaling of technologies in practice. The current research focuses on the analysis
of both organizational and psychological barriers standing against the success of Al and [oT
adoption. This thesis aims at discovering the management practices needed to address the
problem under discussion. The study relies on the narrative literature review methodology
and analyzes the most recent publications, studies, and management theories on the matter.
The findings suggest that inefficiencies related to digitalizing processes that have not been
standardized have become the major cause for staying in pilot purgatory. Moreover, narrative
tensions areas of supply chains where technological transformation undermines stable oper-
ation can be discovered within the context of the research. Finally, technological resistance
from employees along with stress resulting from digital transformation has become another
factor affecting the implementation process negatively. Accordingly, the research examines
the utility of well-structured change management frameworks. Furthermore, a combination
of Kotter’s eight-step approach to creating momentum in strategic initiatives and the AD-
KAR model for managing individual psychological change serves as an effective vehicle for
aligning organizations. Additionally, the investigation highlights digital leadership as the
key enabler in bridging the implementation gap. Effective transformation is contingent upon
evidence-based managerial decisions and organizational flexibility. The findings of the re-
search are summarized in a strategic action plan, stressing the necessity of an equilibrium
between technology adoption, process improvement, and empathy in smart manufacturing.
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1 Introduction

1.1 Background

Currently, it is not only important for organizations in the manufacturing sector concerned
with Industry 4.0 adoption to consider it a competitive advantage but also a source of sur-
vival. Even ascurrent technological innovations like Artificial Intelligence (Al) and the In-
ternet of Things (IoT) are changing the course of the manufacturing landscape across the
world, there is an even bigger challenge in the sense that organizations today are equipped
with the technology but are failing due to the implementation gap. This has elevated the
issue of the human factor of technology as it requires immediate attention. Therefore, the
purpose of this thesis is to concentrate its attention on how manufacturing organizations can
implement effective change management techniques for the efficient adoption of Industry

4.0 technologies.

From the recent research, the combination of physical manufacturing and digital technolo-
gies presents the unique opportunities for efficiency improvement and innovations (Horvéth
& Szabo, 2019). However, despite these opportunities, many industrial enterprises have not
been able to unlock the benefits of digital technologies. The problem lies not only with the
technological complexity of these systems but also with organizational factors such as resis-
tance to change and a lack of change strategies (Boer, Leurent & Widmer, 2019). Therefore,
it is almost as important to learn how to help human beings through this kind of technological

revolution as it is to have the technology itself (Kotter, 1996).

1.2 Research problem and question

Though many industries recognize the positive effects of Industry 4.0, its implementation has
proved to be a challenge to many manufacturing industries. However, research has shown
that most industries face obstacles in implementing Industry 4.0 not due to technology itself,
but often because of organizational readiness to adopt changes that come with Industry 4.0
technology. Organizations even find it hard to align their workforce with new technology,
resulting in resistance to change and leading to something called ’pilot purgatory,” where
pilot successes cannot scale (Boer, Leurent & Widmer, 2019). Pilot purgatory is definitely a
major challenge since this means that industries spend heavily on technologies like Al and

0T, yet they cannot exploit their usefulness.

Although there is a plethora of technical implementation manuals for Industry 4.0, a lack of
integral research specifically focusing on the managerial and behavioural aspects of Industry

4.0, particularly in the context of manufacturing. Therefore, the intention of this thesis is to



fill this gap and study the practical applicability of existing theories of change management

in relation to current digital challenges.

In accordance with the problem definition, the main question that will be researched by
the thesis is: How can manufacturing business organizations effectively manage change to
bring about the successful implementation of Al and IoT technologies? To fully respond
to this main research question, the inquiry is divided into three sub-questions: What kinds
of organizational challenges, such as cultural, structural, and behaviour-based issues, can
lead to high diffusion of Al and IoT within manufacturing businesses? To what extent can
existing methodologies for change management be adapted and applied with reference to
the special demands imposed by Industry 4.0? What leadership styles may be employed to
promote the achievement of innovation, and what challenges may the workers raise against

the concept of Industry 4.0?

1.3 Aim and delimitations

1.3.1 Aim of the study

The aim of this thesis, therefore, is to provide a theoretical and practical understanding of
change management in the digital age, and by doing so, leveraging findings from an analysis
of global best practices and academic literature to propose actionable leadership strategies

for manufacturing managers.

1.3.2 Delimitations

For ensuring the depth and pragmatism of carrying out this research, it is essential to delin-
eate the research along multiple dimensions of importance. First, the scope of this research
is defined only for manufacturing firms, an industry that is currently undergoing a phase of
significant change owing to advancements in digitalization. It is imperative to narrow down
the scope in this manner since, otherwise, there would be a possibility that the analysis con-
ducted in the thesis loses its relevance to other industries. With regards to the geographical
context of the topic, as innovations in Industry 4.0 are acknowledged and complex world-
wide phenomena, the study takes an overall international approach. Within such a worldwide
approach to the problem, the literature and case studies are examined with a focus on leading
countries in Europe, Asia, and America. Such wide-scale geographic consideration is crucial
in making sure that the results would be useful and applicable to the most recent and efficient

change management practices used nowadays on a worldwide level in industry.

Regarding the methodology scope, this research deliberately uses a Narrative Literature Re-

view (NLR). Therefore, any means of collecting primary data, including conducting original



interviews or surveys in the field, will not be carried out in the context of this study. On
the contrary, the emphasis will be placed on analysing, reviewing, and compiling credible
sources of knowledge in the form of existing scholarly articles and best practices from around
the world. The selected method guarantees that the recommended actions will be based on a

wide range of verified information instead of an insignificant amount of primary data.

Finally, the whole thesis is firmly grounded in the manager’s or business view of the situ-
ation. Although the technical sophistication of the modern-day systems is recognized, any
specific technical aspects, such as the technicalities involved in Al algorithms, hardware de-
tails, or financial viability assessments, such as Return on Investment (ROI), among others,
have been deliberately avoided. This is because one of the main reasons why there is an im-
plementation gap between technical manuals and actual implementation in organizations is
the neglect of the behavioural and organizational problems that serve as the real “bottleneck”

in implementing the digital transformation.

1.4 Structure of the thesis

This thesis comprises a total of six chapters with the aim of creating a logical flow from the
problem to the final conclusion.

Chapter 1 demonstrates background information about the study, defines the research prob-

lem and questions, as well as describes the aim of the study.

Chapter 2 provides the context by giving definitions to Industry 4.0 technologies (Artificial
Intelligence and IoT) and also recognizing the major organizational obstacles to the adoption

of these technologies in manufacturing based on global literature.

Chapter 3 introduces the theoretical framework. In it, existing change management method-
ologies (Kotter’s eight-step of change management and ADKAR change management) and

required leadership styles for digital transformation are discussed.

Chapter 4 describes the research methodology, the rationale for selecting the narrative liter-

ature review, its description, the data collection process, as well as the data analysis.

Chapter 5 will show the comparative analysis as well as the findings based on literature

reviewed, including some of the major themes which have emerged from these analyses.

Chapter 6 concludes the study by providing a summary, managerial implications, and future
research suggestions.
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2 Industry 4.0 adoption

In this chapter, the tech and organizational context for the study will be presented. Note
that digital transformation issues are not an exclusive concern of rich countries but a global
phenomenon. Indeed, Ndulu et al. (2023), in his extensive review of developing countries,
indicates that for a country to move towards digitalization, it requires organizational flexibil-
ity and change management in every context, be it global or local. Therefore, it is important
to understand the basic tech and human challenges associated with it before discussing the

leadership.

2.1 Defining Industry 4.0 and smart manufacturing

Representing for the Fourth Industrial Revolution, Industry 4.0 is transforming the manner in
which we plan, manufacture, and transport goods. Industry 4.0 develops on the computeriza-
tion and initial automation of the Third Industrial Revolution. Industry 4.0 brings about fully

connected, smart, and self-governing production environments (Horvath & Szabd, 2019).

At the centre of such change is the concept of Cyber-Physical Systems (CPS). The concept of
CPS is the integration of physical equipment and digital communication infrastructure so that
real-time computer algorithms can monitor and optimize the physical processes. Horvéth and
Szabo (2019) describe the combination of conventional production and digital technology as

providing opportunities for enhancing productivity and innovation.

INDUSTRY 1.0 INDUSTRY 3.0

% IND:-‘:RY 2.0 f INDUSTRY 4.0
'

1784 1870 1969 TODAY
Mechanization, Mass production, Automation, Cyber-Physical
Steam power, Assembly line, Computers and Systems, Internet of
Weaving loom Electrical energy Electronics Things, Networks

Figure 1: The evolution of manufacturing from Industry 1.0 to Industry 4.0 (Kadir, 2020).

This transformation completely alters the traditional mode of operation. The human being
will no longer be a hands-on operator but a strategic overseer, requiring a more acute mind

and psychological adaptability to effectively interface with the autonomous machine.
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2.2 Artificial Intelligence and Internet of Things

Industry 4.0 encompasses various technologies, but the focus of this thesis is on Artificial
Intelligence (AI) and Internet of Things (IoT), particularly because of their inherent disrup-
tion of the daily work of those in the industry. The technology requires a paradigm shift in

the attitude and skill set of the workers.

e For the manufacturing industry, the Internet of Things means using advanced sensors
to monitor the performance of equipment and machines in real-time. The aim is to
create “Smart Factories” with unparalleled visibility. However, the increase in mon-
itoring can be a problem for the organization, as employees may feel their privacy is

being invaded or that they are being constantly monitored and judged.

e Artificial Intelligence (Al) is the thinking engine for the manufacturing process, whereas
the Internet of Things (IoT) is the sensing layer that collects the information. It trans-
forms into the analytical core that enables quality control and decision-making in the
manufacturing process. Nevertheless, as Tran (2023) indicates, the introduction of Al
presents groundbreaking possibilities for the optimization of the process; however, it
also presents a variety of challenges. The introduction of Al-driven autonomy chal-
lenges the conventional workflow for the organization to overcome not only technical
challenges but also human and management challenges. People view Al as a threat to

their jobs.

2.3 The implementation gap in manufacturing

In theory, the adoption of smart manufacturing promises enormous benefits. Dalenogare
et al. (2018) highlight that the adoption of Industry 4.0 technologies promises improved
industrial performance through the tightening of production efficiency and the integration of
the supply chain. Organizations invest enormous funds in Al and IoT technologies, aiming
at achieving high-performance benefits (Boer, Leurent & Widmer, 2019).

Despite the promising theory and lofty expectations, the global manufacturing sector has
found itself mired in a stubborn implementation gap (Boer, Leurent & Widmer, 2019). The
results of digital technology implementation have not come close to the expected outcomes.
Instead of an organization-wide implementation of Industry 4.0 technology, many organiza-
tions find themselves in a pilot purgatory state, where they have successfully implemented
Industry 4.0 technology on a small scale, but have not been able to scale it up to the orga-
nization. The phenomenon of pilot purgatory continues to act as an impediment even in the
most up-to-date studies on the industry. Although the term itself was introduced by Boer,

Leurent & Widmer (2019), current literature on the topic posed by Ooi (2024) challenges
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the possibility of finding any solutions under the framework that has been created for years.
According to the author, in order to overcome pilot purgatory, one should not rely only on
minor technical fixes, as it requires a complete change of perspective regarding the scalabil-
ity of digital innovations starting with the very idea of implementing a project. The reason
for this is not technology limitations but a lack of organizational readiness, a change plan,

and resistance from the workforce (Boer, Leurent & Widmer, 2019).

The primary cause why there is still a lag in the full implementation of smart manufacturing
is that some manufacturing organizations are merely digitizing their processes even if these
processes are not efficient. According to Tarantino (2022), to successfully transition into
smart manufacturing, processes first need to be tightened up, and this is best accomplished
with disciplined methodologies such as Lean Six Sigma. Simply adopting state-of-the-art
technology doesn’t remove inefficiencies and merely increases whatever inefficiencies are

already present.

Moreover, the true challenges facing Industry 4.0 are not merely technological but are more
related to the humans and structures within an organization. Therefore, effective change
management strategies are required. The next chapter will discuss well-established theories

and leadership styles required to effectively facilitate this organizational shift.

2.4 Digital leadership and business model innovation

Adopting the concepts of industry 4.0 is not only about investing in technology infrastructure
but also demands new leadership skills. According to recent findings by Faiz et al. (2024),
digital leadership has been considered as a critical enabler of business model innovation
within high-speed industrial environments. Dynamic capabilities view (DCV) provides an
essential theoretical framework that helps explain the sustainability of competitive advantage
in a dynamic environment. Based on the theory of dynamic capabilities view, it means
that the capability of coping with digital transformation is an organizational skill enabling

organizations to combine and recombine their core competencies.

The mediating function of managerial decision-making is another key element recognized
by Faiz et al. (2024). In the modern context, leadership is not associated with traditional
top-down control; rather, it requires the ability of a manager to make prompt and data-driven
decisions that will ensure the success of the company’s venture in making use of innovations
and digital solutions, like artificial intelligence or IoT. Such managerial decisions will facil-
itate the process of finding innovative methods of creating value based on digital solutions.
In addition, the effect of external factors, such as financial backing from institutions, can

moderate this connection, allowing managers to have additional means for their innovative
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activities. This emphasis on managerial readiness highlights the importance of the people-
oriented nature of Industry 4.0 as starting from the level of decision-makers (Faiz et al.,
2024).
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3 Change management and leadership

Following the technological and organizational barriers discussed in the previous section,
this section provides the theoretical means of closing the implementation gap in Industry 4.0.
It explores the psychological aspects of employee resistance, traditional change management
methodologies, and the critical importance of digital leadership in the transformation towards

smart manufacturing.

3.1 Basics of change management and employee psychology

Before applying the models to the digital environment, it is vital to create a fundamental
understanding of organizational change. Change management is primarily concerned with
facilitating individuals or groups of people to move from a current state to a desired future
state in a transitionary phase (Dalenogare et al., 2018; Horvath & Szabd, 2019). However,
as argued by Vukotich (2011), for any organizational change to be successful, it should
not be left to chance or be implemented in an ad hoc manner but should be achieved by
applying a highly structured methodology or approach in steps or stages. By applying such
a methodology, it is possible for any change initiative to be managed in such a way that it
does not degenerate into chaos, leading to increased resistance from employees and eventual

failure of the change project (Dalenogare et al., 2018).

Denial ’,——?
A Disbelief; looking b Integration
for‘ewdence that it I,’ Changes integrated;
e mhi e o a renewed individual
8 ," X Frustration ,/'
§ T 5 Recognition that e cialon
4 Shock \\\ things are different; ’/' Learning how to work
£ Surprise or shock s sometimes angry ’ in the new situation;
8 at the event i s feeling more positive
© ks R -
b X % Experiment
© \ ’ Initial engagement
L Sl 2t with the new
o b=y situation
o Depression
= Low mood; lacking
in energy
4

Time

Figure 2: The Kiibler-Ross Change Curve illustrating the emotional stages of organizational
change (Austin, 2015).
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However, when technological disruptions such as artificial intelligence and the internet of
things are implemented into the workforce, the main concern is the structural changes and the
possibilities of workforce reduction. Nevertheless, the contemporary change management
literature highlights that employee resistance is not an homogeneous construct. As Edwards
& Clinton (2022) show in their analysis of organizational restructuring, employees react to
significant change with heterogeneous psychological states that tend to cluster into different

profiles such as Flourishers, Recoverers, and Ambivalents.

In the domain of smart manufacturing, it is critical for leaders to have a thorough understand-
ing of psychological profiling, where flourishers are quick adopters of technology, recoverers
need assistance in overcoming initial anxieties of adaptation, and ambivalents are passive re-
sisters of technology adaptation (Faiz et al., 2024). In addition, one of the historical and on-
going difficulties in managing these varied responses to organizational change is the ability
to measure the success of these varied responses. In the domain of manufacturing processes,
as Taskinen (2002), it is critical for organizations to utilize measurement methodologies to
assess the effectiveness of change management, rather than relying on managerial observa-
tions of effectiveness. This need is further emphasized in contemporary organizations with
regard to the implementation of smart manufacturing and its associated milestones for em-

ployee adaptation.

3.2 Models of change management: Integrating Kotter’s eight-step and AD-
KAR

To manage the complex psychological effects previously described, organizational change
management tools are used, and the most widely accepted models are the eight-step change
model developed by John Kotter and the Prosci ADKAR model (Kotter, 1996; Faiz et al.,
2024).

Although this model is grounded in traditional corporate management, the effectiveness of
Kotter’s eight-step change model can be seen in its successful implementation in a wide
range of high-stakes applications. Recently, in a longitudinal study spanning 41 months, Hu
et al. (2022) validated the model’s substantial effectiveness in fundamentally transforming
human behaviors. The underlying principle, in which individuals are led systematically from
perceiving a sense of urgency to institutionalizing new behaviors, is directly applicable to
the smart manufacturing arena. In the transition to Industry 4.0, in which organizational
change is often difficult to sustain beyond the initial pilot phases, Kotter’s model provides
a scientifically validated roadmap for change management, ensuring that new behaviors are

not only tested but also permanently ingrained in the organizational culture (Kotter, 1996).
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In spite of the availability of a number of change management frameworks, the selection
of the best-suited digital transformation framework requires a critical understanding of the
strengths and limitations of the different frameworks. In a comprehensive comparative study
of the different change management frameworks, Galli (2018) argues that there is no change
management framework that is absolutely perfect from a universal perspective; rather, dif-
ferent frameworks have their own strengths in different organizational aspects. For example,
although the Kotter’s eight-step is very effective in facilitating organizational transforma-
tion at the macro level from the top-down perspective, there is the possibility of ignoring
the micro-level changes at the individual level (Kotter, 1996). This is where psycholog-
ical resistance typically occurs, since the strategy push generated from the top might not
automatically equate to individual readiness and capacity to change. This drawback is con-
sistent with the research conducted by Faiz et al. (2024), who highlight that the effectiveness
of technological tools is largely dependent on managerial decisions taking into account the
psychological preparedness of individuals. Hence, the incorporation of the ADKAR model
along with the Kotter approach helps ensure a comprehensive approach to cover both the

strategic restructuring and human-related factors associated with Industry 4.0.

3.3 Leadership in the digital age

The success in implementing the above-stated models largely depends on the organizational
leadership’s potential. The transition to Industry 4.0 requires more than just a mastery of

technologys; it requires a paradigm shift in leadership thinking (Faiz et al., 2024).

Present-day research literature emphasizes the significance of digital leadership in success-
fully traversing this complex landscape. Malik et al. (2024) argued that digital leaders play
a vital role in successfully managing digital transformation by concurrently driving business
model innovation and organizational change. In this regard, digital leaders act as a conduit
different from conventional organizational managers who might be focused on technology
deployment or operational success alone. Rather, they need to strike a chord in balancing
technological potential with human factors in creating a culture that overcomes resistance
from the workforce, especially from groups classified as “Ambivalents” and “Recoverers”
(Edwards & Clinton, 2022). In this regard, digital leadership is the key driver for converting
theories such as Kotter and ADKAR into success stories on the production line (Faiz et al.,
2024).
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4 Research methodology

In this chapter, an explanation is provided regarding the methodology that was used to answer
the research questions. Since the purpose of this research is to review the current knowledge
base on change management with respect to the Industry 4.0 environment, it was deemed
appropriate to conduct a Narrative Literature Review (NLR). This research approach enables
a narrative, replicable, and transparent evaluation of scientific studies and bridges the gap

between theory and practice.

4.1 Rationale for narrative literature review

The selection of the NLR approach becomes more relevant to the present study, considering
the fact that the research will be conducted through a thorough review of available literature
and not through data collection. In view of the fact that Industry 4.0 is an ever-evolving
concept, adopting an SLR approach makes it possible for the researcher to sift through huge

amounts of technical information and derive managerial and behavioral insights.

4.2 Search strategy and information sources

The method employed for the data collection during this narrative literature review adhered
to an exacting methodology aimed at obtaining the highest level of reliability and credibil-
ity from the collected information. With the aim of ensuring a complete basis on which
this review was to be built, the primary search for articles was done through four prominent
scholarly databases, including LUT Primo, Google Scholar, ResearchGate, and ScienceDi-
rect. The use of these various databases ensured that not only global trends but also specific
industrial perspectives were considered. To narrow down the scope of findings to those most
relevant to this particular research problem, “AND” and “OR” operators were used within

integrated searches.

The search logic was undertaken in three main layers of themes to ensure that no significant
aspect of the “Implementation Gap” remained untouched. The search process began with the
general transformations in the organizational structure of modern industries by integrating
phrases like “Industry 4.0” or “Smart manufacturing” with phrases like “Change manage-
ment” or “Organizational change”. In other words, this gave the necessary context about
the barriers to implementing disruptive technology at the macro level. For further narrow-
ing down to the individual or psychological level, a second integrated search was conducted
by integrating the phrases “Artificial Intelligence” or “loT” with the phrase “Employee resis-
tance”, thus focusing on human-related barriers. Finally, to get a solution-oriented output, the

search narrowed down to the combination of well-known theoretical approaches with modern
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leadership concepts using phrases such as “Kotter’s eight-step” and “ADKAR” with “Digital
leadership”. To incorporate the most recent academic discussions in the literature review, the
search strategy focused on sources that were published after 2024. An specific example is
the discussion by Ooi (2024) on pilot purgatory, which offers a contemporary discussion on
the issues associated with scaling up in both research and technology management. It was

chosen particularly for its relevance to the previous discussions on implementation barriers.

Importantly, the search process did not restrict itself to only peer-reviewed articles from
academic journals. In addition to capturing the specialized knowledge of industry and the-
oretical investigations within the long form literature, the approach also comprised of high
caliber PhD and Master’s theses. The most significant among them were Taskinen (2002)
who investigated the measurement of change within manufacturing, and Kadir (2020), whose
dissertation focused on the integration of people and technology. Moreover, special empha-
sis was placed on sources published by leading Finnish institutes such as the VTT Technical
Research Centre of Finland (The National Centre for Technical Research of Finland, this is
the largest multidisciplinary research organization in Northern Europe, owned by the Finnish
government) and LUT University, aiming to ensure that the thesis maintains its roots within

the extremely rigorous Finnish culture of industry and technology management studies.

4.3 Literature selection scope and delimitations

To maintain the appropriate level of analysis and applicability of the results obtained, certain
limits and requirements for the literature sources used were determined. They acted as a
quality standard that would allow concentrating on the primary research questions despite

the overwhelming number of information sources regarding Industry 4.0.

On the other hand, specific parameters for the literature selection scope were set out to obtain
quality scholarly material related to the integration of technology in organizational practices.
To begin with, preference was given to peer-reviewed journal articles as well as academic
books, which offer a business point of view for technology integration as opposed to an
engineering perspective. Second, in order to make sure that the literature used is relevant
to the latest digital transformations and reflects the state of the “Fourth Industrial Revolu-
tion,” preference was given to journal articles from 2018 to 2025, during which time there
was a transition from theories to practical issues related to manufacturing in the digital age.
Finally, sources written and published by major international academic publishers such as
Elsevier, Emerald, Springer, and Oxford University Press were favored for ascertain that the
theoretical models used, Kotter’s eight-step and ADKAR models, were reliable.

Conversely, there were specific exclusion criteria used to keep the research from being too
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generic or fragmenting its technical nature. It is known that modern systems are compli-
cated, but literature purely dedicated to technological engineering aspects, such as Al al-
gorithmic specifics, hardware setup requirements, or sensors’ working principles, has not
been included. Also, any financial publications that were discussing ROI or other aspects of
economic gains alone without offering sufficient information about behavioral components
have been excluded as well. Finally, only literature related to global manufacturing has been
considered as geographic criteria. Publications irrelevant to industrial environment or writ-
ten in languages other than English have been excluded to make the comparison consistent.
In this way, a relevant and specific synthesis is obtained for further usage by manufacturing

managers to help address the aforementioned implementation gap.

4.4 Data analysis

The final phase of the methodology entailed a thematic review of all the collected literature
to provide a consistent answer to the research questions posed. Rather than just provid-
ing a summary of the data, the data analysis procedure employed a comparative method
that involved comparing results derived from various academic sources to establish common
themes, inconsistencies, and deficiencies in current change management strategies. Each
chosen piece of literature was carefully analyzed, especially in terms of how the classic
frameworks such as Kotter’s eight-step and ADKAR have been modified to accommodate

the “special requirements” of Industry 4.0.

The synthesis relied on three major analytical frameworks. Firstly, the technology and orga-
nization context were created through a synthesis of various definitions of Al and IoT, along
with the implementation gap that exists in global manufacturing. These sources include, for
instance, Boer, Leurent & Widmer (2019) and Horvath & Szab6 (2019), which provided the
background for understanding why firms have difficulties in moving out of pilot purgatory.
Secondly, a theoretical integration was developed based on the mapping of the emotional
stages in the Kiibler-Ross Change Curve with the structured actions suggested in Kotter, as
well as the personal stages of ADKAR. As a result, the research moved beyond its descrip-
tive character and reached a psychological perspective of employees’ resistance to change.
Lastly, the leadership literature was synthesized to create a practical strategy, with a partic-
ular focus on the role of digital leaders as a conduit (Faiz et al., 2024; Horvath & Szabd,
2019). The usage of this approach ensures that there will be no abstract transfer between
a “current state” and a “future desired state” without being backed up by solid analysis of
global best practices. With the help of this thorough analysis, it can be ensured that the con-
clusions provided in Chapter 5 will be scientific and practical for the current manufacturing
managers of the Fourth Industrial Revolution (Boer, Leurent & Widmer, 2019; Horvéath &
Szabg, 2019).
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5 Findings and discussion

The following chapter is an analysis of the results of this study based on the literature review.
The chapter will not only provide a mere description of the results but also analyze how
manufacturing firms can overcome the digital transition by employing structured change

management and leadership.

5.1 Structural barriers to successful Industry 4.0 implementation

The challenges of adopting Industry 4.0 is the presence of the ’areas of tensions’ that have
been emphasized by Machado & Davim (2020). Such areas of tension emerge in situations
where the introduction of technology causes disruptions to existing operational stability. It
thus becomes necessary to delicately balance the need for excellence in conventional manu-
facturing with digital dexterity. As has been stressed by their joint studies, the issue lies not
just in the adoption of technology, but in the integration of the same into existing systems,

whether internally or externally.

Through the analysis of the current literature on the topic, one can conclude that the im-
plementation gap in manufacturing is not just a lack of technological development, but the
intersection of old mechanisms and new digital requirements. As it was highlighted by
Dalenogare et al. (2018), despite all the benefits of Industry 4.0 and its ability to radically
increase industrial efficiency due to the integration of supply chains and optimization of pro-
duction processes, many companies find themselves trapped in the pilot purgatory. It was
found out that the main reason for such a situation is the digitization of inefficiency. This
problem exists where the companies introduce the automation of inefficient processes so the
application of new technologies cannot be strategically valuable (Boer, Leurent & Widmer,
2019; Dalenogare et al., 2018).

From the point of view of the critical approach by Tarantino (2022), it becomes clear that
even if companies decide to incorporate up-to-date technological advancements into their
processes, there will always remain some inherent inefficiencies that only exacerbate when
advanced software is used. Thus, the failure to receive the anticipated ROI from the use of
such digitalization creates even more doubts among those involved in the implementation
process. In combination with the human factor, particularly technostress and job displace-
ment concerns, this results in Ooi (2024) analysis of the problem, which states that overcom-
ing these difficulties will be impossible until the companies move away from an experimental
mindset and embrace architectural readiness. This readiness, in its turn, is crucial for making
the transition from a small-scale pilot project to company-wide implementation and closing

the gap between the ideas of management and operations on the factory floor (Faiz et al.,
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2024).

However, when considering a critical perspective, combining Tarantino (2022) idea of fo-
cusing on the process first with the fast-paced nature of Industry 4.0 uncovers an intrinsic
operational conflict. Although it makes sense in theory that the production process needs to
be optimized through Lean Six Sigma before digitalization is implemented, lest any waste
get automated in the process, this linear focus introduces a serious strategic paradox in view
of the velocity of innovation. Lean methodologies require stabilization and incremental im-
provement, which is always time-consuming in itself. On the contrary, as highlighted by Ooi
(2024), the rapidly developing technologies of Al and IoT mean that one might miss the cru-
cial market opportunity by waiting until the process has become perfectly lean. An excessive
focus on architectural readiness and rigidity might therefore end up crippling organizations
altogether. Manufacturing managers thus find themselves in the midst of a paradoxical situ-
ation, where they need to develop organizational flexibility to implement innovation quickly
while still having enough discipline to ensure that technology does not just exacerbate exist-

ing legacy problems.

5.2 The complementary roles of Kotter’s eight-step and ADKAR in man-

aging digital transformation

Regarding overcoming the aforementioned challenges, the current study concludes that one
change management theory will not be enough to overcome all the intricacies of Industry
4.0. In this regard, an integrative theoretical framework that combines the macro-level strat-
egy with the micro-level adaptation process at an individual level. The results indicate that
Kotter’s eight-step model becomes indispensable as far as strategic guidance is concerned,
especially in establishing a sense of urgency, as the first step in Kotter’s model, the definition
is creating a shared awareness within the organization that change is immediately necessary
to seize opportunities or avoid serious risks, and forming a guiding coalition, it involves as-
sembling a group of people with sufficient power, influence, and expertise to lead change
efforts, rather than relying on a single individual. The evidence presented by Hu et al. (2022)
in a longitudinal fashion is that Kotter’s approach proves successful in creating lasting be-
havioral change processes. Nevertheless, there is one major drawback with this approach,

which is its largely top-down nature.

This is precisely when the use of ADKAR becomes important as a supplement to Kotter’s
approach. While Kotter (1996) deals with the process, ADKAR works on the person. It
becomes clear from the integration that for any successful implementation of Al and IoT,
knowledge and ability aspects of ADKAR need to be focused upon. Even though employ-

ees may be aware of awareness and desire to make changes, a lack of skills needed to run
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advanced technologies is bound to result in failure. As pointed out by Galli (2018) in a com-
parative study, another major drawback of traditional models is that they are rigid. To use
them successfully within the context of the fourth industrial revolution, the concept of digi-
tal agility (Faiz et al., 2024) needs to be adopted. In other words, ADKAR’s reinforcement
phase, as well as Kotter’s institutionalizing change need to be ongoing processes rather than
one-off events (Horvath & Szabd, 2019).

To effectively close the implementation gap, the linear progression of the ADKAR model
must be supported by the systemic insights of Lawrence (2014). At the same time, AD-
KAR identifies the necessary stages of individual transition, specifically Awareness and De-
sire. Lawrence argues that these stages cannot be reached through top-down monologues
or mere information sharing. Instead, building desire requires what Lawrence calls authen-
tic dialogue and active listening. This means that a shift from coercive communications to
curiosity-driven communications will help the leader understand the hidden risks and psy-
chological blocks which tend to show up as resistance to change. In addition, the reinforce-
ment phase in ADKAR will become even more sustainable if, instead of merely managing
the change, it is created through reflection on how the organization’s digital ambitions and

the employees’ mission connect with each other (Lawrence, 2014).

However, a closer scrutiny of the integration of Kotter’s eight-step approach with the AD-
KAR method reveals a key contradiction in the pace at which each of them is to be ap-
plied, which creates difficulties for manufacturing management. According to Kotter (1996)
method, there is an inherent urgency to push through any process in order to capitalize on
the technological opportunities, thus setting up a fast-paced timeframe. The swift pace set
by managers through the application of Kotter’s framework often conflicts with the much
slower pace required by the ADKAR method, depending on psychological readiness at the
employee level. In case when strategic speed is imposed by the leaders faster than people can
adapt, the diverse employee profiles suggested by Edwards & Clinton (2022) would become
very unstable. Rather than helping the company to successfully undergo the transition pro-
cess, the excessive attention to the framework goal would lead to the overburdening of weak
recoverers and ambivalent resistors because of cognitive fatigue and technostress. Conse-
quently, the conceptual compatibility of both models would largely depend on how skilled
the digital leaders are in reconciling their external need for reaching milestones with people’s

internal capacity for development.

5.3 Bridging strategy and practical operations

The most conclusive discovery made in this study is that the phenomenon known as digital

leadership emerges as the major driving force that will enable an organization to effectively
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bridge its implementation gap or continue existing in pilot purgatory. As stated in the modern
definition of the term proposed by Malik et al. (2024), digital leadership under Industry 4.0
refers to a multidimensional process that goes beyond conventional management practices.
The concept implies that a leader is to promote innovation in the context of redefining a com-
pany’s business model and managing organizational change at the same time. In essence, the
research findings suggest that a digital leader should play the role of a strategic mediator,
combining efforts to foster continuous technology uptake with the necessity to ensure ade-

quate adaptability on behalf of individuals.

Elaborating further, the findings from the empirical work of Faiz et al. (2024) shed light on
the practical implementation of these competencies. The researchers reveal that the asso-
ciation between digital leadership and innovation is significantly influenced by the variable
managerial decision-making (Faiz et al., 2024). This implies that mere knowledge and vi-
sion alone are not enough for leaders; they require the mental prowess to quickly analyze
situations and make quick, evidence-based decisions that harness the power of digital tech-
nology to deliver value to the clients. Additionally, according to Faiz et al. (2024), leaders
capable of making such decisions will be able to realign their business models to compete in

uncertain environments.

Additionally, the synthesis shows another key obligation for digital leadership is managing
the resistance by the employees proactively. With the advent of increased digitalization and
automation of processes in manufacturing units, a variety of psychological barriers can be
created in the minds of employees, ranging from fears of losing their jobs to threats related
to lack of privacy and monitoring. As Malik et al. (2024), an efficient digital leader should
have sufficient digital agility, which would allow him/her to change the strategy and mode of

communication to cope with resistors of various kinds.

However, further examination into the skills of digital leadership will uncover a theoreti-
cal dilemma in which the decisiveness suggested by Faiz et al. (2024) based on data-driven
decisions conflicts with reality. Although Faiz et al. (2024) stress that successful innovation
requires rapid evidence-based decision-making on the part of managers, the rigid approach of
relying on data can be extremely dangerous for innovation in the ever-changing environment
of Industry 4.0. Applying the systemic perspective of Lawrence (2014), when organiza-
tions undergo digital transformation, they become complex adaptive systems where human
emotions, identity, and resistance can not be easily translated into data and resolved using
algorithms. When leaders over-privilege data dashboard indicators over human intuition and
grassroots feedback, they might be creating what Lawrence (2014) warns against is a discon-
nected balcony perspective that misinterprets the root causes of employee anxiety. As such,

the focus on empirical evidence in order to make technical changes will only worsen the
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relationship between the management and employees. In other words, in addition to data-
driven decision-making emphasized by Faiz et al. (2024), managerial readiness presupposes

an ability to reflect and use dialogue out of curiosity.

Finally, it is the responsibility of leaders to ensure that this move towards becoming a smart
factory will be seen as an opportunity and not as a threat in terms of upskilling employees.
Finally, whereas structural preparedness Tarantino (2022) and strategic frameworks (Kotter,
1996); Galli (2018) may supply the “how-to,” it is through vision and empathy, via digital
leadership, that leaders can provide the “why” that will sustain Industry 4.0 in manufacturing

around the globe.
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6 Conclusion

The final chapter acts as a summary of all the key points made in the systematic review
process and draws conclusions regarding the challenges faced by manufacturing firms while
operating in Industry 4.0 and ways to overcome them. This chapter also provides some

suggestions for future research.

6.1 Bridging the implementation gap

This thesis mainly focused on the efficacy of change management techniques in addressing
the implementation gap, a common issue linked to Al and IoT deployment in the worldwide
manufacturing industry. The study found that digital transformation is not as much about
having technical proficiency as it is about being psychologically ready for it, as analysis of

literature conducted through this study.

These results suggest that the existence of pilot purgatory is primarily due to the lack of
systemic alignment between people and technology. Indeed, the implementation of digital
technologies within businesses that utilize inefficient, non-standardized legacy processes is
prone to make any efforts to streamline business operations fail, as the technology will only
amplify the inefficiencies and waste involved (Tarantino, 2022). In addition, the use of a
narrative framework proves to be an effective way to resolve the issue: although Kotter’s
eight-step (Kotter, 1996) create the needed impetus and coalition for change at a strategic
level, ADKAR takes care of the human transition from passivity to proactiveness at a micro-
level (Faiz et al., 2024).

6.2 Strategic Roadmap

From a strategic management standpoint, the results from this study provide a distinct set
of directions for industry professionals who are looking to operate within the context of the
Fourth Industrial Revolution. First and foremost, the importance of a process-first approach
cannot be understated. It is essential that managers do not succumb to the temptation of
considering costly Al or IoT solutions as an easy way out of fundamental process problems.
Based on the analyses conducted in this report, as a minimum requirement, companies have
to apply Lean or Six Sigma techniques to streamline their existing processes prior to incor-

porating any technological layering (Boer, Leurent & Widmer, 2019).

Moreover, organizations must be urged to shift their focus from implementing change via
one fixed model towards adopting a blend of change model approach (Boer, Leurent & Wid-

mer, 2019; Horvéth & Szabd, 2019). The current literature recommends the strategic use
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of a balance between macro-level energy and micro-level adaptation. Management needs
to apply Kotter’s eight-step to create sense of urgency and shared vision for organizational
leaders, along with applying the ADKAR framework to analyze and develop the knowledge
and ability of shop floor employees. This way, the issue of the human component is not
overlooked amidst the fast technological adoption phase. Lastly, as pointed out by Malik
et al. (2024), the transition of leadership to digital navigation is necessary. The current man-
agement needs to tackle technostress and job insecurity among the workforce via creating
an environment that focuses on skill acquisition. Leadership should work towards viewing
Al technology and automation as an enabler rather than a threat to jobs (Faiz et al., 2024;
Horvath & Szabd, 2019).

6.3 Critical reflections, limitations, and recommendation for future study

However, there are still several academic limitations associated with this particular narrative
literature review that need to be considered. First of all, one major issue is related to the
velocity of innovation, due to developments made through technology at a higher level, there
have been numerous industrial pilot projects that have not been published in scientific liter-
ature up to early 2026, and because of this, there could be a time lag that prevents us from
including some of the latest data in our analysis. Moreover, although the literature review
had a global scope, no deeper examination was done regarding socio-economic constraints
experienced by SMEs in Northern Europe compared to Asian giants.

Therefore, future research should move away from synthesis of secondary information to
primary empirical research. A significant need exists for longitudinal studies that trace the
evolution of a firm’s experience with pilot purgatory over an extended period. In addition,
as Industry shifts gears towards Industry 5.0, future research should explore the human-
centric aspect of technology by looking at how the application of Al can improve employee
well-being rather than speed up production. The consequences of the psychological impact
of being monitored continuously through IoT technologies will also be important areas of

investigation.
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