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INTRODUCTION

The fourth industrial revolution, also known as digital transformation, is a global phenomenon
that transforms the way companies operate and manage their businesses. Industry 4.0 involves
the integration of advanced technologies such as big data analytics, Internet of Things (IoT),
artificial intelligence into the production process, which provides increased productivity,
efficiency, and flexibility (Peter et al., 2023). Enterprises that are willing to adopt these
technologies are predicted to have a competitive advantage over others. The transformation of
the manufacturing industry is an important priority for many countries, including Sweden,

which has a strong manufacturing sector, particularly in the Metal products industry.

However, implementing Industry 4.0 is a complex process that presents several challenges for
manufacturing enterprises and it requires overcoming various barriers and driving forces to
successfully transition to Industry 4.0 (Bittencourt et al., 2021). Moreover, the Metal products
industry is of strategic importance to the Swedish economy, with a long history of producing
high-quality Metal products for domestic and international markets. Consequently, there is a
need to understand the maturity levels of manufacturing enterprises operating in the Metal
products sector in Sweden during the transition to Industry 4.0. While there are numerous
studies on the implementation of Industry 4.0, no research has been identified on the readiness

and maturity of manufacturing companies operating in the Metal products industry in Sweden.

The research problem. How to develop a comprehensive model to assess the Industry 4.0

maturity level of manufacturing enterprises in the Metal products industry in Sweden?

The aim of this thesis. The main goal is to develop an innovative model that evaluates the
Industry 4.0 maturity level of manufacturing companies in the metal products industry in

Sweden.

Objectives. In order to achieve the purpose of this research, the following will be covered in

this work:

1. Analyse scientific literature to find out the challenges faced by enterprises, major factors
and innovative solutions that can impact the successful implementation of Industry 4.0.
2. Conduct empirical research based on questionnaire and find out the impact of different
factors on Industry 4.0 implementation in manufacturing enterprises operating in

Sweden.



3. Develop and propose a structured model that aims to determine the Industry 4.0 maturity
level of manufacturing enterprises operating in the metal products industry in Sweden

and assess the overall 14.0 maturity level of the industry.

The methodology of investigation for this thesis involves a comprehensive literature review and
the conduct of questionnaires. The literature review examines articles, journals, books,
websites, etc., focusing on factors influencing successful adoption and innovative solutions
related to the implementation of Industry 4.0 in the Metal products sector. The questionnaires
targeted managers and employees in manufacturing companies in the sector. The collected data
were analyzed using statistical techniques such as the Spearman correlation coefficient, using
SPSS. Based on the findings from the literature review and existing models, an innovative
model for assessing maturity levels was developed. The maturity dimensions and sub-
dimensions in the developed model were determined from the literature and expert opinions.
The overall maturity level of the Metal products sector in Sweden was assessed using the

developed model and data obtained from the surveys.
This master's thesis is structured in six parts, as follows.

Table 1. Thesis structure

Section Description

An overview of the research problem and
1. Introduction objectives, background to the study, and

research questions.

Examination of existing literature on
Industry 4.0, including factors impacting
2. Scientific Literature Review on 14.0 | successful implementation, challenges,

existing maturity models.

Explaining research approach,
3. Empirical Research questionnaire preparation, data collection
tools and methods, and data analysis

processes.

Description of the innovative model for
4. Model Development determining the maturity of manufacturing

enterprises in the Metal products sector.

Presentation of the findings of the surveys

5. Empirical Research Findings included in the empirical study, summaries




of the data, the overall maturity level of the
industry 14.0 using the developed model,

and the main results.

Summary of main findings,

6. Conclusions and Recommendations | recommendations for future research.

Source: prepared by author

The master's thesis begins with an Introduction, which offers an overview of the research
problem and objectives. It provides background information on Industry 4.0, emphasizing its
relevance and significance. The section also establishes the research questions that will guide
the study. Following this, the Scientific Literature Review on I4.0 examines the existing body
of literature on Industry 4.0. It encompasses factors influencing successful implementation,
challenges faced, and available maturity models. This review synthesizes prior knowledge,
establishing a solid theoretical foundation. The Empirical Research section (2. section) explains
the research approach adopted, including questionnaire preparation, data collection tools and
methods, and data analysis procedures. The subsequent section, Empirical Research Findings,
presents the outcomes derived from the conducted questionnaires. It includes data summaries,
overall industry maturity levels using the developed model, and key findings. The thesis further
introduces the innovative model for determining the maturity of manufacturing enterprises in
the Metal products sector in the Model Development section. Lastly, the Conclusions and
Recommendations section summarizes the main findings and proposes future research
directions. Collectively, these sections provide a comprehensive framework for the master's
thesis, addressing the research problem, reviewing existing literature, presenting empirical

findings, and offering recommendations for further study.



1. A SCIENTIFIC LITERATURE REVIEW ON INDUSTRY 4.0

1.1. General framework on industry 4.0

Industry 4.0 represents the fourth industrial revolution that symbolizes the digital
transformation of various industries, including manufacturing and production. The three
previous industrial revolutions were mass production, mechanical manufacturing, and finally
the digital revolution. The adoption of automated control systems and new industrial technology
has created wide opportunities to enhance production processes' efficiency through cloud
computing (Dikhanbayeva et al., 2020). However, implementing Industry 4.0 has been
challenging, primarily due to the lack of foundational understanding regarding its concepts,
benefits, and advantages (Ejsmont et al., 2020). Companies aiming to undergo digital
transformation must possess robust capabilities to bring about changes in their operations and
processes (Da Silva et al., 2020; Westerman et al., 2014). To tackle this challenge, the design
principles (DPs) of Industry 4.0 play a pivotal role in enterprises' and organizations' digital
transformation. To evaluate business processes, maturity models (MMs) are widely employed
tools that assess organizations' strengths and weaknesses from various perspectives critical for
digital technology adoption. MMs may connect with the fundamental ideas of Industry 4.0 by
concentrating on DPs, which acts as a sign of an in-depth MM. For an accurate evaluation,
successful implementation of Industry 4.0 technology, and long-term growth of the business,

these DPs must be implemented (Dikhanbayeva et al., 2020).

Dikhanbayeva et al. (2020) conducted a study to assess the effectiveness of different Industry
4.0 maturity models based on design principles. Their findings showed that the design
principles should be aligned with Industry 4.0 concepts to ensure successful implementation.
The study by Dikhanbayeva et al. (2020) aimed to assess the effectiveness of different Industry
4.0 maturity models based on design principles. The authors argued that successful
implementation of Industry 4.0 requires a clear understanding of the key design principles that
underlie the concept. Therefore, they evaluated four different Industry 4.0 maturity models
using these design principles as a framework. The design principles assessed in the study were
service orientation, virtualization, interoperability, modularity, decentralization, and real-time
capability (Ruppert et al., 2022). The authors found that the effectiveness of the maturity models

varied depending on how well they aligned with these design principles.

In their investigation into how Industry 4.0 ideas are being implemented in businesses, Da Silva

et al. (2020) discovered that organizational elements including top management support,
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employee participation, and organizational culture are essential for the adoption of Industry 4.0
principles to be effective. The study by Da Silva et al. (2020) aimed to investigate the
implementation of Industry 4.0 concepts in companies and identify the critical factors that
contribute to successful implementation. The application of Industry 4.0 concepts was
dependent on a number of organizational elements, which the authors discovered after
conducting a literature study. One of the most important factors identified by the authors was
top management support. The authors found that top management support was essential for the
successful implementation of Industry 4.0 concepts because it provides the necessary resources

and leadership to drive change throughout the organization.

Horvath & Szabd (2019) identified driving forces and barriers to Industry 4.0 adoption and
implementation, finding that factors such as leadership, technological infrastructure, and
employee skills were critical to the success of implementation. The goal of the Horvath and
Szabo (2019) study was to determine the factors that encourage and inhibit the adoption of
Industry 4.0 ideas. The authors reviewed the literature and examined the major elements
affecting the adoption and use of Industry 4.0. The authors discovered that a number of factors
were essential for the effective acceptance and use of Industry 4.0 principles. One of the most
important driving forces was leadership, which included factors such as vision, strategic
planning, and top management support. The authors argued that strong leadership is critical to
driving change throughout the organization and creating a culture of innovation and continuous

improvement.

Rauch et al. (2019) identified requirements and barriers to implementing smart manufacturing
in SMEs. Their findings showed that factors such as data security, employee skills, and
organizational culture were critical to successful implementation. The authors found that
several requirements were critical to the successful implementation of smart manufacturing in
SMEs. One of the most important requirements was data security. The authors argued that
SMEs must implement robust data security measures to protect their sensitive information from
cyber threats and data breaches. This is particularly important given the increasing frequency

and sophistication of cyber-attacks targeting SMEs.

Akdil et al. (2018) proposed a maturity and readiness model for Industry 4.0 strategy. Their
study identified key factors such as leadership, employee skills, and technological infrastructure
as important to successful implementation. The authors proposed a maturity and readiness
model that includes four levels of Industry 4.0 implementation: initiation, development,
deployment, and sustainability. Each level includes specific criteria and indicators that

organizations can use to assess their progress towards successful implementation. The authors
6



argued that strong leadership is critical to driving change throughout the organization and

creating a culture of innovation and continuous improvement.

Ghobakhloo (2018) cited key technologies as the Internet of Things, artificial intelligence, and
big data analytics in his strategy roadmap as being necessary for Industry 4.0 adoption. The
objective of the Ghobakhloo (2018) research was to create a strategic roadmap for Industry 4.0
deployment. The author reviewed the available literature and examined case studies of

businesses that have adopted Industry 4.0 strategies.

Habib & Chimsom (2019) studied the impact of Industry 4.0 on sustainability and design
principles. They discovered that taking sustainability and design principles into account at the
outset of implementation is essential for the successful implementation of Industry 4.0
concepts. Habib & Chimsom (2019) conducted a study to investigate the impact of Industry 4.0
on sustainability and design principles. The authors investigated the connection between
Industry 4.0 and sustainability, putting a focus on the necessity for businesses to take
sustainability and design principles into account at the outset of implementation. According to
the study , Industry 4.0 may support sustainable growth, but only if sustainability and design
principles are taken into account at the beginning. In order to successfully execute Industry 4.0,
the authors advised enterprises to use a comprehensive strategy that takes into account both
technological and non-technological components of the initiative, such as social and

environmental sustainability.

Ejsmont et al. (2020) conducted a literature review on the impact of Industry 4.0 on
sustainability. Their findings showed that technologies such as green energy and circular
economy could help to achieve sustainability goals while implementing Industry 4.0 principles.
A literature review was carried out by Ejsmont et al. (2020) to investigate how Industry 4.0
would affect sustainability. With an emphasis on how Industry 4.0 technologies may aid in
sustainable development, the research investigated the connection between Industry 4.0 and
sustainability. The authors identified green energy and circular economy as key technologies
that could help to achieve sustainability goals while implementing Industry 4.0 principles. They
also emphasized the importance of addressing potential negative impacts, such as increased
resource consumption and environmental degradation, through careful planning and
management. According to the study, Industry 4.0 has the potential to help achieve
sustainability goals, but both its advantages and disadvantages need to be carefully considered

before adoption.



These studies highlight a number of variables and technological advancements that may affect
how well Industry 4.0 principles are used. Successful implementation requires a comprehensive

approach that considers organizational, technological, and sustainability factors.

1.2. Factors and technologies for successful industry 4.0 implementation

In the three industrial revolutions before the Industry 4.0 revolution, the process that started
with primitive methods was tried to increase productivity in production with both mechanical
and technical skills and finally information technology processes (Dikhanbayeva et al., 2020).
In the first industrial revolution, people tried to increase productivity through the use of steam
power and hydroelectricity, in the second industrial revolution, they increased productivity
through mass production, and finally, in the third industrial revolution, an information
technology-based production model was developed by discovering automation (Fragapane et
al., 2022)

The term Industry 4.0, which is also called next generation automation, is a set of studies aimed
at adding a new value to all organisation stages in the life cycle of the products produced,
developing and integrating them into processes based on information Technologies (Stock &
Seliger, 2016). This concept refers to a process that covers the time from the production idea of
the product to the end user's use of the product as well as recycling (Gilchrist, 2016). As part
of the Industry 4.0 revolution, which offers a new production model, internet-based
technologies are integrated throughout the entire production system, the automation system
causes significant changes, and the relationship among the virtual and physical worlds is

strengthened (Fonseca et al., 2021).

First, it will be important for companies to develop a comprehensive strategy for the
introduction of Industrie 4.0 that takes into account both technological and organisational
aspects. This includes, for example, training for employees, the integration of IT systems and
the definition of clear responsibilities (Dikhanbayeva et al., 2020). Another important role is
played by the available technologies that can be used for Industrie 4.0. These include, for
example, artificial intelligence (Al), Internet of Things (loT), Big Data and cloud computing.
By using these technologies, companies can automate their processes, optimise them and make

them more flexible. Another factor that will influence the success of Industrie 4.0 is the



availability of skilled workers. Companies must be able to hire employees with the necessary

skills and knowledge or train existing employees accordingly (Rauch et al., 2019).

The security of data and systems will also play an important role. As many processes and
machines are interconnected, the risk of cyber attacks and data loss increases. Companies must
therefore take appropriate measures to protect their systems and data. Finally, collaboration
within supply chains and between companies will also play an important role. By working
closely together, companies can better coordinate their processes and thus achieve greater
efficiency and flexibility (Akdil et al., 2018). Overall, the success of Industrie 4.0 will depend
on a combination of technology, strategy, skilled workers, security and collaboration.
Companies that take these factors into account and act accordingly have a good chance of
reaping the benefits of Industry 4.0 and increasing their competitiveness. The use of innovative
technologies in numerous production processes defines the industrial revolution. These
technologies include artificial intelligence, the Internet of Things (IoT), automation, big data
analytics, and cloud computing. However, the successful implementation of Industry 4.0
principles can be impacted by several factors, including lack of skilled workforce (Horvath &
Szabo, 2019).

A skilled workforce is essential for the successful implementation of Industry 4.0, which
involves the integration of physical and digital systems, including the Internet of Things (loT),
artificial intelligence (Al), and robotics. However, there is a serious skills gap in the industrial
sector, and there aren't enough skilled individuals to run and manage these advanced
technologies (Dikhanbayeva et al., 2020). This shortage of skilled workers is a significant
challenge for companies seeking to adopt Industry 4.0. There are several reasons for this lack
of skilled labor in Industry 4.0. First of all, workers find it challenging to keep up with the most
recent technological developments due to the rapid rate of change. Secondly, the required
skillset for Industry 4.0 is more complex than traditional manufacturing, requiring a
combination of technical, digital, and analytical skills. Finally, there is a widespread belief
among younger generations that manufacturing is a low-skilled profession, which dissuades

them from pursuing careers in this field (Da Silva et al., 2020).

To address the shortage of skilled workers in Industry 4.0, companies must take proactive steps
to develop their workforce (Dikhanbayeva et al., 2020). This can include investing in training
programs and upskilling current employees, partnering with educational institutions to develop
programs that align with Industry 4.0 requirements, and developing apprenticeships and

internships to attract and train new talent. Governments can also play a role in addressing the
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skills gap by investing in education, providing incentives for companies to invest in workforce
development, and promoting careers in manufacturing and technology. Overall, addressing the
shortage of skilled workers in Industry 4.0 is crucial for companies and economies to fully

realize the potential of these advanced technologies (Horvath & Szabd, 2019).

The successful implementation of Industry 4.0 principles can be impacted by several factors,
such as Cybersecurity Risks. Industry 4.0 involves the integration of physical and digital
systems, which creates new opportunities for businesses to optimize their processes and
increase efficiency. However, it also introduces new cybersecurity risks that need to be
addressed (Ghobakhloo, 2018).

The proliferation of internet-connected devices in Industry 4.0 provides hackers with more
potential entry points into a company's network. If these devices are not properly secured, they
can be easily compromised, providing a gateway for cybercriminals to access sensitive data and
systems. The use of advanced technologies in Industry 4.0 also increases the risk of malware
and ransomware attacks (Dikhanbayeva et al., 2020). Attacks of this nature can seriously impair
a company's operations, leading to downtime and financial losses. The integration of physical
and digital systems in Industry 4.0 requires a high level of collaboration between different teams
and departments. This increased collaboration also creates new opportunities for insider threats,
such as employees with privileged access to critical systems who may be motivated by financial
gain or other malicious intentions. Industry 4.0 involves complex supply chains that often rely
on third-party suppliers and partners. These partners may not have the same level of
cybersecurity measures in place, which can create vulnerabilities that can be exploited by
cybercriminals (Rauch et al., 2019).

To mitigate these cybersecurity risks, companies must take a proactive approach to security.
This can include implementing multi-layered cybersecurity measures, such as firewalls,
intrusion detection systems, and encryption. Additionally, companies must educate their
employees about the importance of cybersecurity and the potential risks associated with
Industry 4.0. Companies should also regularly update and patch their systems and software,
perform regular vulnerability assessments and penetration testing, and develop an incident

response plan in case of a cyber attack (Shah & Mehtre, 2015).

Finally, companies should carefully vet their third-party suppliers and partners to ensure they
have appropriate cybersecurity measures in place (Horvath & Szabo, 2019). In summary, while

Industry 4.0 offers many benefits to businesses, it also introduces new cybersecurity risks that
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must be addressed through a multi-faceted and proactive approach to security. The integration
of 10T devices and other advanced technologies into manufacturing processes can create
vulnerabilities that can be exploited by hackers (Li et al., 2021). This can lead to cyber attacks,
which can result in data breaches, operational disruptions, and financial losses. The
implementation of Industry 4.0 requires the integration of various technologies and processes
across different systems, which can be challenging. The integration of legacy systems with
modern technology can lead to compatibility issues that can hinder the implementation process.
Integrating physical and digital systems is a key component of Industry 4.0, which provides
businesses with a number of integration issues. There are some of the key integration challenges

in Industry 4.0:

Interoperability

Data
management

ITand OT
convergence
Industry

Cybersecurity

Workforce
Development

Fig. 1. The key integration challenges in industry 4.0
Source: prepared by author, based on Lu (2017)

Interoperability: Industry 4.0 involves the integration of various technologies and systems,
which may not be designed to work together. This can create interoperability issues, where
different systems cannot communicate or exchange data effectively (Dikhanbayeva et al.,
2020).
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Data management: Industry 4.0 generates large volumes of data from sensors, machines, and
other sources. Managing this data and ensuring its quality, security, and accessibility can be
challenging, especially when data is collected from multiple sources and systems (Horvath &
Szabo, 2019).

IT and OT convergence: Industry 4.0 requires the convergence of information technology (IT)
and operational technology (OT) systems, which have traditionally been managed separately.
This convergence requires changes in organizational structures, processes, and culture, which

can be challenging to implement (Horvath & Szabd, 2019).

Cybersecurity: As Industry 4.0 involves the integration of digital systems, cybersecurity risks
also increase. Ensuring the security of data, systems, and networks is critical but can be
challenging due to the complexity of Industry 4.0 environments. The integration of digital
systems in Industry 4.0 introduces new cybersecurity risks that can compromise the security
and confidentiality of data, systems, and networks (Horvath & Szab6, 2019). There are some
of the key cybersecurity risks associated with Industry 4.0. Hackers and other cybercriminals
can leak Industry 4.0 systems and networks without authorization using a variety of approaches,
including exploiting holes in software and hardware, obtaining login information, and social
engineering. Industry 4.0 generates large volumes of data from sensors, machines, and other
sources. Sensitive information, including business secrets, patents, and personal information,
can be made available to unauthorized people or institutions through a data breach (Abomhara
& Kglen, 2015). Malicious software such as malware and ransomware can attack Industry 4.0
systems and seriously harm them. Malware can disrupt operations, steal data, or provide
unauthorized access to systems, while ransomware can encrypt data and demand payment for
its release. Industry 4.0 involves the integration of multiple suppliers and vendors, which can
increase the risk of supply chain attacks. These attacks involve compromising the security of a
supplier or vendor and using their access to gain unauthorized access to the target system or
network. Human error, such as accidental data deletion, misconfiguration of systems, or falling
for phishing scams, can also compromise the security of Industry 4.0 systems (Da Silva et al.,
2020).

To address these cybersecurity risks, companies should implement a comprehensive
cybersecurity strategy that includes the following elements (Horvath & Szabd, 2019). In
general, maintaining the cybersecurity of Industry 4.0 networks and systems is essential to the
accomplishment and viability of Industry 4.0 activities. To safeguard their data, systems, and

networks from online attacks, businesses should invest in cybersecurity solutions.
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Implementing Industry 4.0 requires a skilled workforce with the knowledge and expertise to
manage and operate these systems. However, there is currently a shortage of skilled workers in
this field, which can create challenges in finding and training the necessary personnel (Fahim
et al., 2019; Schwab, 2017).

Workforce Development: Workforce development in Industry 4.0 refers to the various
strategies and initiatives undertaken by companies and organizations to prepare their employees
and other stakeholders for the new and emerging technological advancements and changes
associated with Industry 4.0. This can involve a range of activities, such as providing training
and development opportunities for workers to acquire new skills and knowledge, reorganizing
work processes and structures to accommodate new technologies, and investing in new

technologies to support workforce development and productivity (Li et al., 2021).

To overcome these integration challenges, companies must take a systematic and strategic
approach to implementation (Pessl, 2017). This may involve conducting a thorough analysis of
the existing systems, processes, and infrastructure, identifying integration opportunities, and
developing a roadmap for implementation. To enable the successful integration of many
technologies, businesses must also invest in the appropriate infrastructure, such as sensors,
interaction and data analytics tools. Additionally, companies should focus on developing a
skilled workforce that can manage and operate these systems and ensure cybersecurity
measures are in place to protect data and systems. Overall, addressing integration challenges is
crucial for companies to successfully implement Industry 4.0 and reap the benefits of increased
efficiency, productivity, and innovation (Bhatia & Kumar, 2020).

A large investment in infrastructure and technology is needed to achieve Industry 4.0. For small
and medium-sized enterprises (SMEs), the cost of implementing Industry 4.0 can be a barrier
to adoption. The cost of implementing Industry 4.0 varies depending on the size of the
company, the scope of the implementation, and the technologies and processes involved.
Implementing Industry 4.0 involves the integration of various technologies, such as loT
devices, sensors, cloud computing, and big data analytics. These technologies require
investments in hardware, software, and networking infrastructure (Fragapane et al., 2022)

Implementing Industry 4.0 requires a skilled workforce with the knowledge and expertise to
manage and operate these systems. Companies may need to invest in training programs,
recruitment efforts, and competitive compensation packages to attract and retain the necessary

personnel. Industry 4.0 generates large volumes of data that need to be managed effectively (Li
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etal., 2021). This may require investments in data storage, security, and analytics tools to ensure
the quality, security, and accessibility of the data. As Industry 4.0 involves the integration of
digital systems, cybersecurity risks also increase. To safeguard data and systems from cyber
attacks, businesses may need to make investments in cybersecurity solutions like firewalls,
intrusion detection systems, and encryption. Implementing Industry 4.0 may require changes in
organizational structures, processes, and culture to support the integration of different systems
and the use of data and analytics in decision-making. These changes may require investments

in change management and organizational development initiatives (Akdil et al., 2018).

Overall, implementing Industry 4.0 can involve significant upfront costs, but these costs may
be offset by the potential benefits of increased efficiency, productivity, and innovation. To
decide on the extent and pace of Industry 4.0 deployment, businesses should perform a detailed

study of the costs and advantages. (Gilschrist, 2016).

The usage of data in Industry 4.0 raises questions about data security and privacy. To avoid
facing legal and financial repercussions, manufacturers must abide by several data protection
and privacy laws. Industry 4.0 uses data produced by sensors, equipment, and other sources,

which poses questions about data security and privacy.

The absence of standardized protocols and frameworks in Industry 4.0 technologies can give
rise to challenges in interoperability, impeding seamless communication between disparate
systems. Manufacturers may be locked into specific vendors or technologies due to the lack of
interoperability between different systems. This can limit their ability to switch to other vendors
or technologies in the future. The lack of standardization can increase the complexity of
Industry 4.0 environments, requiring manufacturers to develop custom solutions to integrate
different systems. Custom integration solutions can be costly to develop and maintain,
increasing the overall cost of Industry 4.0 initiatives (Li et al., 2021).

By adopting these standards and protocols, manufacturers can ensure interoperability between
different systems and reduce the complexity and cost of Industry 4.0 initiatives. It's crucial to
remember that these standards and protocols are currently being developed and might not be
able to handle all interoperability issues in Industry 4.0. Therefore, manufacturers should stay
up to date with the latest standards and protocols and work with their vendors to ensure

interoperability between different systems (Wang et al., 2018).
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To overcome these challenges, manufacturers must adopt strategies that include employee
training programs, implementation of robust cybersecurity measures, investing in compatible
technologies, partnering with technology providers, and complying with relevant regulations.
Industry 4.0 requires a holistic approach that combines people, processes, and technology to

achieve a successful implementation (Da Silva et al., 2020).

In conclusion, the successful implementation of Industry 4.0 principles requires a careful
consideration of a wide range of factors and technologies. Companies can improve their
operations, boost productivity, and maintain competitiveness in an increasingly digital and
connected world by being aware of these issues and deploying the right technology (Li et al.,

2021).

1.3. Industry 4.0 awareness of manufacturers

In general, larger manufacturers with more resources and exposure to global markets are more
aware of Industry 4.0 than smaller ones. Many manufacturers recognize the potential benefits
of Industry 4.0, such as increased productivity, improved quality control, and reduced costs

(Fonseca et al., 2021; Fahim et al., 2019).

However, because of the alleged high costs and ambiguity regarding the return on investment,
some people could be reluctant to invest in the essential technology and infrastructure.
Governments and industry associations in some countries have launched initiatives and
campaigns to raise awareness of Industry 4.0 among manufacturers and provide support for
their digital transformation (Butt, 2020). This includes providing training and funding programs
to help manufacturers adopt advanced technologies and improve their competitiveness in the
global market. Overall, it is expected that the level of awareness and acceptance of Industry 4.0
among manufacturers will increase in the coming years as more businesses realize the benefits
of digital transformation and the importance of maintaining competitiveness in the rapidly
changing global economy. Additional information on manufacturers' knowledge of Industry 4.0

is available (Ejsmont et al., 2020; Ghobakhloo, 2018).

In order to enhance their operations and competitiveness, SMEs may also profit from digital
transformation and use cutting-edge technology (Li et al., 2021). However, SMEs may face
additional challenges such as lack of resources and technical expertise, which can limit their

adoption of Industry 4.0. The level of Industry 4.0 awareness also varies by industry sector. For
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example, manufacturers in the automotive, aerospace, and electronics industries have been
early adopters of advanced technologies due to their high-tech nature and the need for precision
and efficiency. Other sectors, such as construction and food manufacturing, may be slower to
adopt Industry 4.0 due to their traditional and labor-intensive nature. The COVID-19 pandemic
has boosted manufacturers' adoption of Industry 4.0, as companies seek to automate processes
and reduce their reliance on human labor to maintain social distancing and ensure business
continuity. This has led to an increased interest in robotics, Al, and other advanced technologies

(Da Silva et al., 2020; Zeng et al., 2020).

Industry 4.0 calls for a change in corporate culture and thinking in addition to technology.
Manufacturers need to adopt a data-driven approach and embrace innovation and continuous
improvement to fully realize the benefits of digital transformation. This requires leadership
commitment, employee training, and a willingness to experiment and learn from failures. The
increase of Industry 4.0 awareness and acceptance among manufacturers may be greatly aided
by governments and academic organizations. This includes providing education and training
programs, funding research and development, and creating supportive policy frameworks to

incentivize investment in advanced Technologies (Schwab, 2017; Kuo et al., 2019).

In conclusion, the awareness of Industry 4.0 among manufacturers is growing, but there is still
a long way to go to fully realize the potential of digital transformation. Companies that embrace
innovation and adopt advanced technologies are likely to be more competitive and resilient in

the global market (Horvath & Szabo, 2019).

1.4. Innovations for manufacturers in industry 4.0

"Innovations for manufacturers in Industry 4.0" refers to new and advanced technologies that
are transforming the manufacturing industry by improving productivity, efficiency, and quality.
The driving factor behind these advancements is the fourth industrial revolution, which is
characterized by the integration of cutting-edge technologies like the Internet of Things (IoT),
Artificial Intelligence (Al), Big Data, and Cloud Computing into the manufacturing process.
Here are some examples of innovations that are transforming the manufacturing industry in the

context of Industry 4.0: (Wang et al., 2018).

Industrial IoT (IoT): To enhance manufacturing processes, raise product quality, and decrease

downtime, the IoT is a network of interconnected devices and sensors that can interact with one
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another and the cloud (Wojcicki et al., 2022). IoT can enable real-time monitoring, predictive
maintenance, and remote control of machines, among other benefits. The Internet of Things
(IoT) is a network of interconnected sensors and equipment that may communicate with one
another and the cloud to improve product quality, speed up production processes, and reduce
downtime. IoT can enable real-time monitoring, predictive maintenance, and remote control of
machines, among other benefits. By using [oT, manufacturers can gather data from machines
and sensors, analyze that data in real-time, and use insights to make data-driven decisions. For
example, [oT can be used to predict when a machine is likely to fail, allowing maintenance to
be scheduled before the machine breaks down and causes production downtime (Fahim et al.,

2019; Schwab, 2017).

Artificial Intelligence (AI): Al can be used in manufacturing to automate and optimize
production processes, identify patterns and anomalies in data, and enhance product quality.
lustratively, quality control systems empowered by artificial intelligence have the capability
to identify defects and anomalies in products that would pose challenges for human detection.
Artificial intelligence (Al) can be applied to manufacturing to improve product quality, find
patterns and anomalies in data, and automate and optimize production processes. Al may be
used, for instance, to evaluate production data to find patterns and trends that can point to
inefficiencies or quality problems. By anticipating the best settings for machines and
equipment, Al may also be used to streamline manufacturing processes. This can increase
productivity and cut down on waste. Furthermore, Al-driven quality control systems are able to
find product flaws and abnormalities that would be challenging for humans to notice

(Dikhanbayeva et al., 2020).

Augmented Reality (AR): AR can be used to enhance the efficiency and accuracy of
manufacturing processes by overlaying digital information onto the physical environment. For
example, AR can be used to provide real-time instructions to workers or to enable remote
collaboration and training (Ejsmont et al., 2020). AR can be used to enhance the efficiency and
accuracy of manufacturing processes by overlaying digital information onto the physical
environment. For example, AR can be used to provide real-time instructions to workers or to
enable remote collaboration and training. AR can also be used to simulate and optimize
production processes, allowing manufacturers to identify potential issues and inefficiencies

before they occur (Fahim et al., 2019; Schwab, 2017).

As a result, these technologies are reshaping the industrial sector in the framework of Industry

4.0 and enabling firms to boost their efficiency, become more competitive, and raise the caliber
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of their output. Manufacturers can acquire a competitive edge in a market that is rapidly

changing by implementing these technologies (Dikhanbayeva et al., 2020).

1.5. Challenges, obstacles and driving forces in the metal products industry

The metal products industry is one of the oldest and largest industries in the world, and it is
facing significant challenges in implementing Industry 4.0. Here are some of the challenges,
obstacles, and driving forces faced by companies in the Metal products industry in

implementing Industry 4.0: (Wang et al., 2018).
Challenges:

Metal products companies face a number of challenges when implementing Industry 4.0
technologies. One of the major challenges is legacy equipment and infrastructure (Garcia et al.,
2022). Many of these companies have aging equipment and infrastructure that is not compatible
with modern technologies such as 0T, Al, and Big Data. This can make it difficult to integrate
new technologies and create a seamless digital ecosystem. Another challenge is the complexity
of production processes. Metal production involves complex and highly interdependent
processes, which can make it difficult to implement new technologies without disrupting the
entire production process. Additionally, the complexity of these processes makes it challenging
to gather and analyze data from different parts of the production process. A third challenge is
cybersecurity concerns. Metal products companies are highly vulnerable to cyber-attacks due
to the sensitive nature of their operations and the critical infrastructure they operate. As such,
implementing new technologies without robust cybersecurity measures can pose a significant

risk to the company's operations and reputation (Ejsmont et al., 2020).
Obstacles:

Lack of skilled workforce: Implementing Industry 4.0 technologies requires a highly skilled
workforce, which is often in short supply in the Metal products industry. Finding and training
workers with the necessary skills to operate and maintain new technologies can be a significant

obstacle (Majumdar et al., 2021).

Resistance to change: Many workers and managers in the Metal products industry are
accustomed to traditional methods and may be resistant to change. Implementing new

technologies requires a cultural shift, which can be difficult to achieve.
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Cost: Implementing Industry 4.0 technologies can be expensive, particularly for companies
with aging infrastructure. The cost of upgrading equipment and infrastructure, as well as

training workers, can be a significant obstacle (Dikhanbayeva et al., 2020).
Driving Forces:

Industry 4.0 technology adoption in the metal products industry has been driven by a number
of factors. First off, the market is fiercely competitive, and businesses that resist adopting new
technology run the danger of falling behind their rivals. Companies may improve productivity
and save costs by embracing Industry 4.0 technology, providing them a competitive edge in the
global market. Second, clients are expecting speedy delivery of personalized, high-quality
goods. Industry 4.0 technology can help firms satisfy these goals more successfully and
efficiently. Finally, the Metal products industry is a significant contributor to environmental
concerns, such as greenhouse gas emissions. Industry 4.0 technologies can assist companies in
reducing their environmental impact by optimizing production processes and minimizing waste.
Despite the challenges and obstacles involved in implementing Industry 4.0 technologies, it is
critical for Metal products companies to adapt and leverage the benefits of these technologies
to improve efficiency, reduce costs, and stay competitive in the global marketplace (Horvath &

Szabd, 2019).

1.6. Innovative solutions against these challenges and obstacles

There have been several innovative solutions developed and implemented to address the
challenges and obstacles faced by companies in the Metal products industry in implementing

Industry 4.0 technologies:

Legacy equipment and infrastructure: To address the challenge of integrating new technologies
with outdated equipment, some companies have developed solutions that allow for retrofitted
IoT sensors to be added to existing machines. This approach avoids the need for expensive
equipment upgrades and allows companies to collect and analyze data from legacy equipment.
One solution is to use IoT sensors that can be retrofitted onto existing machines to collect data,
monitor performance, and optimize maintenance. Another solution is to use edge computing
that can be deployed at the machine level to process data locally and reduce the need for

expensive infrastructure upgrades (Wang et al., 2018).
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Complexity of production processes: To address the complexity of production processes, some
companies have developed digital twin technologies that simulate the production process.
These digital models enable companies to test and optimize new technologies without
disrupting the actual production process. Additionally, some companies have implemented
advanced analytics and Al to improve process optimization and decision-making. Digital twins
can be developed to simulate the production process, allowing for testing and optimization of
new technologies without disrupting the actual production process. Advanced analytics and
machine learning algorithms may also be used to find and fix manufacturing process

bottlenecks and inefficiencies (Ejsmont et al., 2020).

Cybersecurity concerns: In order to mitigate cybersecurity risks, organizations have
implemented a diverse array of security measures, such as firewalls and event management
(SIEM) systems. Additionally, some companies have implemented blockchain technology to
secure data and transactions. Blockchain technology may be used to protect data and
transactions, as well as secure data storage and sharing protocols. Additionally, security-by-
design practices can be implemented to embed security in every step of the technology

development process (Horvath & Szabo, 2019).

Lack of skilled workforce: To address the shortage of skilled workers, some companies have
developed training programs to upskill their existing workforce. Additionally, some companies
have partnered with educational institutions to develop specialized training programs for
Industry 4.0 technologies (Li, 2022). Some companies have also implemented collaborative
robots or "cobots" to help address the labor shortage. Training programs can be developed to
upskill existing workers and educate them on new technologies. Collaborative robots, or cobots,
can be introduced to assist workers with repetitive or dangerous tasks and free up time for

higher-value work (Horvath & Szabo, 2019).

Resistance to change: Change management programs can be developed to prepare employees
for the transition to Industry 4.0. These programs can include training, communication, and
incentives to encourage employees to embrace new technologies. To address resistance to
change, some companies have developed change management programs to prepare their
employees for the transition to Industry 4.0. These programs can include training,
communication, and incentives to encourage employees to embrace new technologies

(Dikhanbayeva et al., 2020).

Cost: Shared service models can be implemented where companies collaborate with each other

to share the cost of implementing new technologies (Da Silva et al., 2020; Han & Trimi, 2022).
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Additionally, pilot projects can be used to test and optimize new technologies before scaling up
to reduce costs and risks. To address the cost of implementing new technologies, some
companies have implemented phased approaches, where they start with small pilot projects to
test and optimize new technologies before scaling up. Additionally, some companies have
implemented shared service models where they collaborate with other companies to share the

cost of implementing new technologies (Ejsmont et al., 2020).

These studies demonstrate the breadth of innovative solutions being developed and
implemented to address a wide range of challenges and obstacles. By continuing to explore and
invest in these solutions, we can work towards creating a more sustainable, equitable, and just

society (Da Silva et al., 2020; Morrar & Arman, 2017).

In conclusion, these solutions include retrofitting legacy equipment, digital twins, cybersecurity
measures, upskilling programs, change management programs, and phased approaches. By
adopting these innovative solutions, companies can overcome the challenges and obstacles and

reap the benefits of Industry 4.0 technologies.

1.7. Examination of previously developed maturity models

To implement Industry 4.0 successfully, examining previously developed models is crucial as
it allows companies to avoid duplicating efforts and learn from others' experiences. Smart
factory models, such as the Reference Architecture Model Industrie 4.0 (RAMI 4.0) and the
Industrial Internet Reference Architecture (IIRA), offer a framework for integrating different
systems and technologies in a smart factory environment. On the other hand, digital twin models
provide virtual representations of physical objects, systems, or processes to simulate and
analyze their performance. A digital twin model has three components, namely, the physical
object or system, the virtual model, and the data that connects them. Digital twins are used to
enhance product design, optimize manufacturing processes, and predict maintenance needs. By
utilizing these previously developed models, companies can efficiently and effectively
implement Industry 4.0 technologies in their operations (Fahim et al., 2019; Schwab, 2017;
Dikhanbayeva et al., 2020; Horvath & Szabo, 2019).

There are several examples of digital twin models that have been developed for Industry 4.0

applications. Cloud computing models have been developed to enable secure and efficient data
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storage and processing. Examples of cloud computing models include Amazon Web Services
(AWS), Microsoft Azure, and Google Cloud. AR and VR models have been developed for
various applications, including worker training, remote collaboration, and virtual product
design (Eswaran & Bahubalendruni, 2022). Some examples of AR and VR models include
Microsoft HoloLens, Oculus Quest, and Unity (Dikhanbayeva et al., 2020). Cybersecurity
models have been developed to address the security challenges associated with Industry 4.0
technologies. Examples of cybersecurity models include the NIST Cybersecurity Framework,
ISO/IEC 27001, and the IEC 62443 series. By examining these previously developed models,
companies can gain insights into best practices, potential pitfalls, and lessons learned from real-
world implementations. This can help companies avoid common mistakes and accelerate their

own implementation of Industry 4.0 technologies (Horvath & Szabd, 2019).

The study conducted by Gajdzik (2022) aimed to develop a maturity model framework for
Industry 4.0 and assess the maturity levels of steel enterprises in Poland. The study found that
there are several maturity models available in the literature, but none of them were fully
applicable to the steel industry. Therefore, the author proposed a new maturity model
framework that consists of six domains: strategy, organization and culture, processes, products
and services, human resources, and technology. The framework was applied to 20 steel
enterprises in Poland, and their maturity levels were assessed based on the proposed domains.
The results showed that the overall maturity level of the steel industry in Poland is still low,
with the highest maturity level being in the technology domain. The study also identified several
challenges and obstacles that hinder the implementation of Industry 4.0 in the steel industry,
including the lack of awareness and knowledge, inadequate financial resources, and the
shortage of skilled workforce. The study indicates the need of creating industry-specific
maturity models to measure organizations' preparation for Industry 4.0 and offers useful
insights into the maturity of the Polish steel sector in terms of sector 4.0 implementation. The
study's conclusions can assist Polish steel companies and those in comparable nations in
identifying their implementation of Industry 4.0 strengths and shortcomings and in developing

plans to raise their degrees of maturity in this area.

Rafael et al. (2020) present an Industry 4.0 maturity model for machine tool firms in their study.
From Level 1, which is characterized by a low level of automation and digitalization, to Level
5, which represents full integration and optimization of all processes and technologies, the
model consists of five maturity levels that represent the degree of implementation of Industry

4.0 practices and technologies in a company. The study uses a case study approach to apply the
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maturity model to four machine tool companies in Spain. The findings indicate that the model
is beneficial for measuring organizations' level of Industry 4.0 maturity and suggesting
opportunities for development. The study finds that the companies have different levels of
maturity, with some being more advanced than others. The study also identifies some common
challenges faced by the companies, such as the need for better data management and analysis,
the development of new skills and competencies among employees, and the integration of
different systems and technologies. Overall, the study suggests that the Industry 4.0 maturity
model can be a useful tool for machine tool companies to assess their current level of Industry
4.0 implementation and to develop a roadmap for future improvements. The model can also
help companies to identify best practices and benchmark their performance against other

companies in the industry.

The article by Schumacher et al. (2016) titled "Industry 4.0 Maturity Assessment of
Manufacturing Enterprises" discusses the development of this comprehensive maturity model
and its associated tool. The authors propose the development of a maturity model to assess the
readiness and maturity of manufacturing enterprises in the field of discrete manufacturing for
Industry 4.0. The model consists of nine dimensions and 62 items, focusing on technological
and organizational aspects. These dimensions include "Products," "Customers," "Operations,"
"Technology," "Strategy," "Leadership," "Governance," "Culture," and "People." The model
was created through expert workshops, literature reviews, and case studies. It desires to assist
manufacturers in assessing their present Industry 4.0 capabilities and developing strategies and
action plans in accordance. Each dimension's maturity level is determined by taking the
weighted average of all of its elements. The authors used a three-step process, including a
questionnaire-based self-assessment tool, to measure, determine, and represent the maturity
levels of each enterprise. They also conducted case studies in industrial enterprises to evaluate
the model's content and structure and test the usability of the assessment tool. A software tool

was developed to facilitate its practical application by manufacturing companies.

Canetta et al. (2018) released a study on the construction of a factory digitalization maturity
model. In order to measure the degree of digitalization in industrial organizations and to give
them a path for enhancing their digital capabilities, experts set out to develop a framework. The
process, technology, organization, and strategy are the four primary elements that the
researchers discovered after conducting an extensive literature analysis on digitalization in
manufacturing. They also defined several maturity levels for each dimension. The maturity
model was then tested on a sample of manufacturing companies in Switzerland, and the results

showed that the model was effective in identifying the level of digitalization in the companies
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and highlighting areas for improvement. The researchers also found that companies with higher
levels of digitalization tended to have better performance in terms of productivity and
innovation. Overall, the study provides a useful tool for manufacturing companies to assess

their digitalization capabilities and to identify areas for improvement.

The study published by Gokalp and Martinez (2022) aims to develop and implement a digital
transformation capability maturity model. To achieve this goal, the researchers defined the
definition of digital transformation capability and identified its areas and sub-areas. These areas
of competence include human resources, technological infrastructure, business processes, and
strategic management. The researchers identified 36 different sub-areas of competence and
defined criteria for each one to create the model. The model covers a four-stage process that
includes identifying the sub-areas of competence, identifying the criteria, determining the levels
of competence, and evaluating the process. The model was applied in various manufacturing
companies in Turkey, and the results helped evaluate the digital transformation capability of
these companies. The findings showed that human resources and technological infrastructure
were the most critical areas for companies in the digital transformation process. This study can
be used as a tool to assess the capabilities of companies in the digital transformation process

and can provide useful guidance to companies wishing to manage this process.
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2. EMPIRICAL RESEARCH FOR MANUFACTURERS IN INDUSTRY 4.0

The aim of this master's thesis is to develop an innovative model that evaluates the Industry 4.0
maturity level of manufacturing companies in the Metal products industry in Sweden and to

assess their maturity level by the developed model.
Research Questions
The research questions for this study are:

. How to assess the effective use of Industry 4.0 technologies according to the
enterprise size and production type of the manufacturers operating in the Metal
Products Sector in Sweden?

. How to develop a comprehensive model to assess the Industry 4.0 maturity level
of manufacturing enterprises in the Metal products industry in Sweden?

. How to assess the overall Industry 4.0 Maturity Level of manufacturing

enterprises operating in the Metal Products Industry in Sweden?

2.1. Research approach

The methodology part of the study is based on a comprehensive literature review and
conducting questionnaires, which is one of the quantitative research methods. The methodology
part of the study is based on a comprehensive literature review of the factors and technologies
that may affect the application of Industry 4.0 principles. The literature review aims for the
researcher to determine the challenges, drivers and innovative solutions affecting
manufacturing companies' adoption of Industry 4.0 and utilize them in questionnaire and model
development. The maturity dimensions and sub-dimensions in the model have been prepared

based on the studies in this field in the literature, existing maturity models and expert opinions.

Conducting a questionnaire is one of the quantitative analysis methods, and two questionnaires

were conducted in this study.

Not every sub-dimension has the same importance, so the factor evaluation questionnaire
(Appendix B) data will provide a framework for evaluating the weights by determining the

perceived importance of sub-dimensions among manufacturing firms in Sweden. This
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questionnaire will only be sent to large-sized enterprise employees in this sector, as the maturity

model targets large-sized enterprises.

The maturity assessment questionnaire (Appendix C) is part of the model and is designed in
such a way that the respondents can examine the maturity level of their enterprises under 10
dimensions after the questionnaire, so with the help of the developed model and the data
obtained from the maturity assessment survey, the overall maturity level of the manufacturing
enterprises operating in the metal products sector in Sweden will be assessed. The maturity
assessment questionnaire will be also used to examine the effective use of Industry 4.0
technologies by enterprise size and production types and was sent to micro-small-sized and

medium-sized enterprises in addition to large-sized enterprises.

The framework methodology developed in the preparation of the model is based on Hevner's
design science approach (2010) and Becker's study (2009), which provides a development
method for maturity models. Industry 4.0 Maturity Model consists of 10 dimensions and 44
sub-dimensions with particular weights application. A detailed explanation of the model is

provided in the third section, titled Model Development.

2.2. Literature review

One of the main goals of the literature review is to examine previous studies, assimilate existing
knowledge, create research questions, and determine the research design. Additionally, the
literature review is important for summarizing existing information on a research topic,
developing a comprehensive research plan, identifying existing gaps, providing
recommendations on how to fill these gaps, revealing deficiencies in existing knowledge, and
establishing a foundation for future research. This thesis includes an advanced literature review.
During the literature search, the aim was to examine the factors and technologies that may affect
the successful implementation of Industry 4.0 principles. To better understand the research
concept and to benefit from it in questionnaire and model development, the challenges, barriers,
and driving forces that lead manufacturing companies to Industry 4.0 were identified in the
literature review. The investigation of innovative solutions and models developed to address
these challenges and barriers is also included in the literature review. The findings obtained
from the literature review were used in the development of the survey and innovative model
proposal during data collection. Existing maturity models and survey findings in the literature
were utilized to develop a suitable maturity model for the target industry. After the draft of the
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model was prepared and the main dimensions and sub-dimensions were determined, additions

and deductions were made in the findings with the help of the literature review.

2.3. Data collection process of industry 4.0 maturity

Evans and Mathur (2018) suggest several important considerations when designing a
questionnaire. Firstly, the purpose and objectives of the questionnaire should be clearly defined
to provide clear guidance throughout the design process. Secondly, the type of questionnaire
and question format should be clarified. It is also important to ensure that the questionnaire is
not too long and that there are clear instructions for respondents. Additionally, unnecessary
questions should be avoided, and the estimated completion time should be reported. These
considerations are essential for creating a well-designed questionnaire that will yield useful and
reliable data. The questionnaires contain a clear and logical explanation of the study and short
instructions on how to complete it. Complex or frustrating questions that could limit the
respondent's answers were avoided. The wording of the questions was also carefully thought

out to avoid misunderstandings or emotional reactions.

The questionnaire was conducted using the online survey tool Google Forms. Google Forms is
a survey management tool that can be used in Google Workspace applications such as Google
Docs Editors, Google Classroom, Google Docs, Google Sheets, and Google Slides (Google
Workspace, 2023). It allows for quick and easy collection and processing of survey responses.
Google Forms also allows for customization of the survey according to requirements and its
simple design makes it easier for both survey developers and respondents to navigate the

process.

In her study on "conducting online questionnaires," Ball (2019) identified several benefits of
using online questionnaires for researchers. Online questionnaires are a quick and efficient way
to distribute questions to a global audience and obtain responses in a short period of time.
Researchers can easily contact respondents through email and social media, and the entire
process of delivering and submitting the questionnaire is automated, resulting in significantly
lower costs compared to face-to-face interviews. Additionally, online questionnaires offer
flexibility to respondents, allowing for the collection of a large amount of data, and they also
reduce social bias since respondents are free to answer questions without any assumptions or
biases that may arise from the presence of an interviewer. Overall, these advantages make online

questionnaires a valuable tool for researchers.
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The factor evaluation questionnaire (Appendix B) consists of 6 questions in total, and the first
5 questions are for getting to know the business and the respondent. The last question, which is
the aim of the survey, is to measure the importance of the sub-dimensions by the businesses and
was prepared on a likert type scale between 1-5. The factor evaluation questionnaire is only for

large enterprises in the industry and consists of respondents working in 12 companies.

Maturity assessment questionnaire (Appendix C) is part of the model and is designed in such a
way that the respondents can examine the maturity level of their enterprises under 10
dimensions after the questionnaire, so with the help of the developed model and the data
obtained from this questionnaire, the overall maturity level of the manufacturing enterprises
operating in the metal products sector in Sweden will be assessed. Maturity assessment
questionnaire will be also used to examine the effective use of Industry 4.0 technologies by
enterprise size and production types and was sent to micro-small-sized and medium-sized

enterprises in addition to large-sized enterprises.

Maturity assessment questionnaire consists of 16 questions in total. The first five questions in
this questionnaire aim to collect demographic data and are the same as the first five questions
of the factor assessment questionnaire, the 6th question is to determine the importance of
Industry 4.0 technologies for businesses, and the 7-15 questions are to calculate the maturity
dimensions. Questions 7-14 include the evaluation of specific factors within the framework of
Industry 4.0 technologies, while the 15th question pertains to the evaluation of various
expressions. The final question is for the respondents to share the email addresses of those who
want to receive a maturity report for their business at the end of this study. Two respondents
have provided their email addresses, and a maturity report will be sent to them following the
completion of the study. In total, there were 16 respondents in the questionnaire, with two
representing micro-small-sized enterprises, two representing medium-sized enterprises, and 12

representing large-sized enterprises.

Both questionnaires consist of closed-ended questions. To facilitate contact with the
questionnaire respondents, assistance was sought from researchers aftiliated with the university,
who possess expertise in the relevant sector. Enterprises in the sector were listed and
questionnaires were sent to their managers/employees via email and social media. Respondents
consist of employees/managers working in departments such as Production and Operations,
Research and Innovation, Information Technology (IT), Logistics and Supply Chain
Management, and Project Management in companies operating in the metal products sector,
including Iron/Steel Processing, Tool/Equipment Manufacturing, Mining and Mineral

Processing, and Metal Processing and Shaping. Questionnaire respondents are expected to have
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knowledge about the research topic, so the respondents were selected from different companies
working in the relevant sector in Sweden, who have sufficient knowledge and experience in
Industry 4.0 and its technologies, and are experts in their fields. After conducting a
comprehensive review of the scientific literature, the questionnaires were meticulously
prepared. The data collection process started on 2"¢ May 2023 and was efficiently completed
on 11" May 2023. Each respondent was informed that confidentiality and privacy would be

protected both by email and in the description of the questionnaires.

2.4. Data analysis

In this section, the analysis of the data obtained through the survey is given. Two different
questionnaires have been conducted and the findings are presented in the 4th section which is

Empirical Research Findings.

2.4.1. The relationship of industry 4.0 technologies with sub-dimensions

Following the collection of the data, the next step involved preparing a correlation matrix to
demonstrate the relationship between industry 4.0 technologies and the sub-dimensions in the
maturity model. All data were recorded using SPSS (Statistical Package for Social Sciences),
and the relationship between variables was examined using the Spearman correlation
coefficient. The significance of the obtained values was interpreted using a significance level
of 0.05. Correlation analysis is a statistical method used to determine the degree and direction
of the relationship between variables, regardless of whether they are considered dependent or
independent (Bhunia, 2013). The negative value of the correlation coefficient indicates an
inverse relationship between the variables, while a positive value indicates a direct relationship,
and as the coefficient approaches +1, the strength of the relationship increases, whereas as it
approaches 0, the relationship weakens (Durmus et al., 2013). The correlation relationship is
classified as Strong Relationship for 1 <r < +0.7, Moderate Relationship for £0.7 <r <+0.3,
and Weak Relationship for £0.3 <r <=0 (Giirbiiz and Sahin, 2018). The correlation matrix can

be found in Appendix A.

There are statistically significant positive relationships (p < 0.05) between various
technological factors and their respective outcomes, observed at different levels. At a high level,
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Al values exhibit a statistically significant positive relationship with Decentralization (r=0.91),
Decision Making (r = 0.99), Quality Management (r = 0.82), and Product/Service Development
(r=0.70).

Similarly, IoT values show a statistically significant positive relationship with Logistics
Tracking (r = 0.85), while demonstrating positive relationships at a high level with Productivity

in Production (r = 0.75) and Optimization in Production (r = 0.74).

When considering Big Data values, a statistically significant positive relationship (p < 0.05) is
found at a high level with Management of Customer Data (r = 0.88), as well as a statistically

significant positive relationship (p < 0.05) at a moderate level with Competition (r = 0.68).

Cloud Computing values exhibit a statistically significant positive relationship (p < 0.05) ata
high level with Data storage (r = 0.81) and positive relationships at a high level with Employee
Autonomy (r = 0.71), Internal Information Sharing (r = 0.78), and Internal Communication (r

=0.74).

CPS values reveal statistically significant positive relationships (p < 0.05) at a high level with
Automation (r = 0.83), Sustainability (r = 0.77), Resource Management (r = 0.80), and
Interoperability (r = 0.77), as well as a statistically significant positive relationship (p < 0.05)
at a moderate level with Cyber Security (r = 0.61).

Furthermore, Simulation/Digital Twin values exhibit statistically significant positive
relationships (p < 0.05) at a high level with Cost Reduction in Production (r = 0.76),
Optimization in Production (r = 0.81), Resource Management (r =0.71), and Risk Management
(r=0.72), and a statistically significant positive relationship (p < 0.05) at a moderate level with

Continuous Improvement (r = 0.65).

Lastly, AR/VR values demonstrate a statistically significant positive relationship (p < 0.05) at
a high level with Sustainability (r = 0.88), while Additive Manufacturing exhibits statistically
significant positive relationships (p < 0.05) at a high level with Personalization/Modularity (r =

0.98) and Product/Service Development (r = 0.92).

2.4.2. Questionnaire of the factor evaluation

The factor evaluation questionnaire consists of a total of 6 questions, with the first 5 questions

designed to gather information about the enterpise and the respondent. The last question, which
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is the aim of the survey, is to measure the importance of the factors (sub-dimensions) by the
businesses and was prepared on a likert type scale between 1-5. The factor evaluation
questionnaire was sent exclusively to large-sized enterprises in the industry, and all responses
from survey respondents were recorded in an Excel file. Subsequently, the average importance
of each factor was computed using the data provided by 12 respondents representing various

enterprises.

2.4.2.1. Demographics of the factor evaluation questionnaire

According to the factor evaluation survey data, demographic findings are examined below with

their figures and explanations.

Metal Processing and Shaping| 2 (16.7%)
liar/ Sl F—":r:-:'q-'-.'-un-:_] and Sha | 5 (41.7%)
ToolEquipment Manufacturing | 4 (33.3%)
Mining and Mineral r"‘r-;_'ul_'n_-ssl"uul 3 (25%)
Matal Coating and F"'.l!l'-ul 1 (8.3%:)
Aluminum Processing —0 (0%)
Copper Processing |0 (0%)
Racycling |0 (0%)

Assembly |0 (0%)

Fig. 2. Production types of the factor evaluation survey respondents

In an evaluation of the data gathered from the survey question, "Please select the production
type(s) of your enterprise," the subsequent quantitative analysis reveals a distribution of
responses across five distinct categories of production. In the context of the 12 respondents, the
production type "Mining and Mineral Processing" was indicated by 25.00%, "Metal Processing
and Shaping" was indicated by 16.67% of respondents, "Iron/Steel Processing and Shaping"
was indicated by 41.67% of respondents, "Metal Coating and Plating" was represented by
8.33%, while "Tool/Equipment Manufacturing" was chosen by 33.33% of the enterprises.

Due to the provision that allowed respondents to select more than one production type, the total
percentage exceeds 100%. This provides a nuanced understanding of the industrial sectors

represented and the overlap that exists among them.
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Further statistical analysis illustrates that, on average, each respondent indicated approximately
1.17 types of production, as computed from the dataset. In addition, the mode and median —
the most frequently occurring value and the middle value respectively — were both 1. This
indicates a trend towards respondents identifying their enterprise with a single type of

production.

@ Sales and Marketing

@ Human Resources

@ Accounting and Finance

@ Administration and General Services

@ Research and Innovation

@ Production and Operations

@ Information Technology (IT)

@ Logistics and Supply Chain Managem.. .

1wy

Fig. 3. Departments where factor assessment survey respondents work

In response to the survey question, "What department do you work in at your enterprise?" an
analysis of the 12 responses reveals a range of roles across seven distinct departments. The
"Production and Operations" department was identified by 25.00% of respondents, followed by
both "Logistics and Supply Chain Management", "Research and Innovation" and "Information
Technology (IT)" indicated by 16.67%. The departments of "Technical Support," "Project
Management," and "Sales and Marketing" were indicated by one respondent, representing

8.33%.

@ Microenterprise (1 1o 9 employess)

@ Small enterprise (10 1o 49 employees)

@ Medium-sized enterprise (50 to 249
employeas)

@ Large enterprise (250 employees of
mone)

Fig. 4. Company sizes of the factor evaluation survey respondents
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The importance of sub-dimensions included in the model has been evaluated only by large-
sized enterprises since the developed maturity model targets large-sized enterprises. In regard
to the survey query, "What is the size of your company?" it is found that all of the 12 respondents
(100%) aftirmed their association with a "Large enterprise (250 employees or more)." This

consistency in responses aligns with the study's targeted focus on large-sized enterprises.

Owur enterprise opearates only in 0 {0%)
Eurcpe | 12 (100%)
Middie East| 5 (41.7%)
Naorth -f-.'1rt:'||:'r|| 9 ({79%)
South A'l:u,"n_::ql 6 (50%)
Agial B (66.7%)
J"1.|"I|.":.'I| 5 (41,7%)
Cceanial 4(33.3%)
0.0 2.0 2.0 [ 10,0 125

Fig. 5. Regions where the factor evaluation survey respondents operate

In response to the survey question, "In which region(s) outside of Sweden does your enterprise
operate?", the data collected from the 12 respondents specifies a notable presence of these
enterprises in various global regions. The most frequently cited region is Europe, mentioned by
100% of respondents, indicating a significant international operation within this geographical
area. North America was indicated by 75.0% and Asia was indicated by 66.7% of the
respondents, while operations in the Middle East and Africa were indicated by 41.67%. Notably,
33.33% of the respondents reported that their enterprises operate in Oceania. It is noteworthy
that 4 respondents (33.33%) indicated that their enterprises operate in all seven regions,
underscoring a global reach. 3 respondents (25.0%) reported operations only in Europe and

none of the questionnaire respondents work for companies that operate exclusively in Sweden.
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Our entarprise does not export 0 (0%

Europe | 12 (100%)

Middla East | B (B6.T3%)

MNorth America | 1 (91.7%

South America | 8 (75%)
Asia | 10 (83.3%)
Adrica | 8 (86.79%)
Oceania | 8 (66.7%)
0.0 2z [ 10.0 1

Fig. 6. Regions to which the factor evaluation respondents export

Upon analysing the data gathered from the survey question, "To which region(s) does your
enterprise export?" the responses indicate a wide global export presence among the 12
enterprises surveyed. A total of seven enterprises, equating to 58.33% of respondents, reported
exporting to all seven regions specified in the survey: Europe, Middle East, North America,
South America, Asia, Africa, and Oceania. This suggests a highly diversified global export

strategy among a significant proportion of respondents.

In addition, "Europe" was a universal export destination for all enterprises, thereby serving as
the most common region for exports. "North America" was noted as an export region by 11
enterprises (91.7%) while "Asia" was noted by 10 enterprises (83.3%). "Middle East,"

"Oceania," and "Africa" were each indicated by 8 enterprises (66.7%).

2.4.2.2. Evaluation of factor importance in the model

In the proposed maturity model, each maturity dimension encompasses relevant sub-
dimensions. Given the variance in their importance, establishing the weight of these sub-
dimensions is a crucial exercise. The weights assigned to dimensions and sub-dimensions were
discerned utilizing insights from both the theoretical foundation of sub-dimension weighting

and the importance of the sub-dimensions as indicated in the factor evaluation questionnaire.

The determination of the importance of these sub-dimensions, derived from this survey,
provides a valuable framework for evaluating the weights of sub-dimensions in the

development of the Industry 4.0 maturity model, fulfilling one of the research objectives.
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Considering the prevalence of large enterprises within the sectors pertinent to the research
subject, coupled with the observed variations in Industry 4.0 maturity levels among small,
medium, and large enterprises, the survey was intentionally directed towards large-scale
enterprises. This strategic targeting was deemed necessary to enhance the precision and

relevancy of the research findings.
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Fig. 7. Sub-dimensions' importance for manufacturing enterprises
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According to the survey results, it is observed that factors such as Open for Changes (4.3), 1.40
roadmap/Planning (4.0), Investment (3.9) are more important in Industry 4.0 for the
respondents. One of the biggest reasons for this is that the respondents think that the cultural
and strategic structure of the companies is one of the key points to the transition to the Industry
4.0 era. "Open for Changes" factor may reflect the ability of large enterprises to adapt to the
rapidly changing business environment. The high scores of the respondents on this factor
indicate that adopting an innovative culture, adapting quickly to changing market conditions
and maintaining competitive advantages requires a flexible structure. It is extremely important
that businesses adopt a strategic approach in the transition to Industry 4.0. Having an Industry
4.0 roadmap can lead businesses to take a planned approach to identifying and implementing
their digital transformation strategies. Roadmaps play a role in enabling businesses to evaluate
their current status, set goals and plan transformation steps. On the other hand, the respondents
reveal the necessity for businesses to invest actively in order to successfully continue the
transition to Industry 4.0. Investments can be directed to innovation, technological

infrastructure, talent development and digital transformation projects.

In addition, the respondents rated Data storage (4.2) and Management of Customer Data (3.9)
factor as of higher importance. These two factors are interrelated and help businesses effectively
implement data-driven strategies in the digital transformation process. Especially for large
businesses, data storage is important to be able to securely store and access large amounts of
data. When enterprises have a strong data storage infrastructure, they can effectively manage
data and optimize business processes in a data-driven way. By collecting, storing and analyzing
customer data, businesses can improve the customer experience and more effectively guide
their marketing strategy. A high score on this factor indicates that businesses act meticulously
in the privacy, security and compliance of customer data and adopt a customer-oriented
approach. The combination of data storage and Management of Customer Data factors reflects
that businesses attach importance to data management and customer focus in the digital
transformation process. These factors support businesses to gain competitive advantage and
increase customer satisfaction by enabling them to effectively manage data security, data

analytics and customer relations.

According to the survey results, the low evaluation of the respondents on factors such as Quality
Management (2.8), Risk Management (2.8) and Resource Management (2.8) may be associated
with various reasons. The results show that businesses give less priority to these factors
compared to factors such as Automation or Logistics tracking in the Industry 4.0 transition. It

may also mean that businesses neglect these factors or do not focus enough on them. Businesses
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may be more focused on short-term goals or immediate needs and not allocate sufficient

resources to factors such as quality management, risk management or resource management.

The fact that the respondents did not fully understand or appreciate the importance of these
factors due to insufficient awareness or knowledge may also be one of the reasons for the low
results. They may not have enough information about the effects of these factors on business
performance and competitive advantage. Businesses may have weak points such as not
complying with certain standards in their quality management processes, not using risk
management processes effectively enough or not having optimizing strategies for resource

management.

On the other hand, respondents may be focusing more on improvement and innovation in their
business activities. In this case, the Risk Management factor can be perceived as a reactive
approach rather than proactive risk analysis and management. Businesses can focus more on
areas such as new product/service development or market expansion to maintain growth and
competitive advantage. Risk management may sometimes require businesses to deal with
events that are unlikely to occur. Not being aware of such events or not fully understanding the

future effects of risks can lead to underestimation of the Risk Management factor.

The management understanding, corporate culture and business processes of businesses can
affect the evaluation of factors such as Risk Management, Resource Management and Quality
Management. The reason why these factors are not of sufficient importance in enterprises may
be that the necessary emphasis is not given to these issues by the management or that these
factors are culturally seen as secondary. Evaluations of these factors may be low when

management and cultural change is required in businesses.

2.4.3. Questionnaire of industry 4.0 maturity level

The second questionnaire (industry 4.0 maturity level, Appendix C) consists of a total of 16
questions. The first 5 questions are the same as in the first questionnaire, the 6th question is
used to determine the importance of Industry 4.0 technologies for businesses, and questions 7-
15 are designed to measure maturity dimensions. The last question allows questionnaire
respondents to provide email addresses of those interested in receiving a maturity report for

their business at the end of the study.
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The maturity assessment questionnaire servers the purpose of both determining the eftective
utilization of Industry 4.0 technologies based on the business size and production type and
measuring the maturity level of businesses within the maturity model. This questionnaire was
sent to companies of all sizes in each dimension. When calculating the effective utilization of
each 14.0 technology, the averages of responses under each sub-dimensions were calculated
separately based on production type and company size. These results are presented in the

empirical research findings section.

While analyzing the results of the maturity assessment survey for the maturity model, the sub-
dimensions under each question from 7 to 15 were coded, taking into account calculation
difficulties. Sub-dimensions under each particular dimension were evaluated from different
perspectives and with the inclusion of various technologies in this survey. For example, the
"Product/Service Development" sub-dimension under the Innovation dimension was examined
in relation to AR/VR, IoT, and Additive Manufacturing technologies, while the "Productivity"
sub-dimension under the Production dimension was evaluated with regards to IoT, CPS, and
Digital Twin technologies. Similarly, statements such as "The managers in our company provide
the necessary support for the employees to adopt and use 4.0 technologies" were used to
measure both the "Leadership" sub-dimension and to influence the "Training" sub-dimension.
All sub-dimension’ averages were determined to be used in identifying the overall maturity of
the sector. The maturity levels were determined using the formulas explained in the model
development, data obtained from the maturity assessment questionnaire and sub-dimension

weights identified in the model development section.

2.4.3.1. Demographics of industry 4.0 maturity level survey

According to the maturity assessment survey data, demographic findings are examined below

with their figures and explanations:
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Melal Processing and Shaping 3(18.8%)

Iran/Sleal plm'q,'.:‘:\lrlg and Sha ] (31.3%)

ToolEquipment Manufacturing 4 (25%)

Mining and Mineral Processing 3(18.8%)

Metal Coating and Plating
Aluminum F'mr.v.ﬁf.m_nl 0 (0%

Copper Processing|—0 (0%)
Hecrclmn_ 1(6.3%)
Assambly —0 (0%)

sarvice provider 1 (6.3%)
Rafractory Materials 1 (6.3%)

0 1 2 3 4 ]

Fig. 8. Production types of the maturity assessment respondents

An examination of the survey data regarding the question, "Please select the production type(s)
of your enterprise," reveals a distribution among six different categories of production, with an
additional service provider category. Based on the 16 responses collected, "Tool/Equipment
Manufacturing" was indicated by 25% of the enterprises, "Iron/Steel Processing and Shaping"
was chosen by 31.3%, and "Mining and Mineral Processing" represented 18.8%. Furthermore,
"Metal Processing and Shaping" was selected by 18.8% of respondents, the specific "Refractory
Materials" category and "Recycling" each accounted for 6.3% of the responses, and one

enterprise (6.3%) identified as a service provider.

The total percentage exceeds 100% due to the option for respondents to select multiple types
of production. This elucidates the complexity and interconnectivity within the surveyed

industrial sectors.

Additional statistical analysis shows that each respondent indicated approximately 1.19
production types on average. Both the mode and the median — denoting the most frequently
occurring and middle values, respectively — were 1, demonstrating a tendency among

respondents to identify their enterprises with a single type of production.
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Fig. 9. Departments where the maturity assessment respondents work

Analyzing the responses to the survey question, "What department do you work in at your
enterprise?" yields a distribution among seven distinct departments within the 16 enterprises
surveyed. The "Production and Operations" department was the most frequently identified,
indicated by 25.0% of respondents. The "Research and Innovation" and “Sales and Marketing”
departments were chosen by 18.8% of respondents, while "Logistics and Supply Chain
Management," and "Information Technology (IT)" were each identified by 12.5% of
respondents. The "Technical Support" and "Project Management" departments were each

indicated by one respondent, accounting for 6.25%.

@ Microenterprise (110 9 employees)

® Small enterprise (10 1o 49 employees)

® Medium-sized enterprise (50 to 249
employees)

@ Large enterprise (250 employees or
more)

Fig. 10. Company sizes of the maturity assessment respondents

The survey data relating to the question, "What is the size of your company?" reveals a
predominance of large-scale enterprises among the respondents. A significant majority,
specifically 75.0% of the 16 respondents, indicated that they were part of a "Large enterprise
(250 employees or more)." Moreover, 2 respondents, amounting to 12.5%, identified their
companies as "Medium-sized enterprise (50 to 249 employees)." A single respondent,

representing 6.25%, classified their company as a "Small enterprise (10 to 49 employees)," and
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another single respondent, also 6.25% of the total, labeled their company as a "Microenterprise

(1 to 9 employees)".

Our enterprise operates only in

Europe 15 (93.8%)

Middle East B (37.5%)

MNorth America 9 (56.3%)

South America
9 (56.3%)
5(31.3%)
4 (25%)

0 5 10 15

Fig. 11. Regions where the maturity assessment respondents operate

Responding to the question, "In which region(s) outside of Sweden does your enterprise
operate?" the 16 enterprises surveyed offered varied responses, revealing their geographic reach
across different continents. Among the enterprises surveyed, the most common response was
"Europe," with 15 (93.8%) enterprises indicating operations within this region. "North
America" and "Asia" were identified by 9 (56.3%) enterprises. "Middle East," and "South
America," were reported by 6 (37.5%) enterprises. "Oceania" was indicated by 4 (25.0%)

enterprises.

It is noteworthy that 4 enterprises (25.0%) reported operations in all seven regions mentioned
in the survey: Europe, Middle East, North America, South America, Asia, Africa, and Oceania.
These enterprises appear to have a truly global operational presence. One enterprise (6.25%)

indicated that they operate solely within Sweden, with no operations outside of the country.
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Fig. 12. Regions to which the maturity assessment respondents export

The survey question, "To which region(s) does your enterprise export?" elicited varied
responses from the 16 enterprises, providing insight into their export activities across different
global regions. The most commonly reported export destination was "Europe," indicated by 14
enterprises (87.5%). "North America" and "Asia" were reported as export destinations by 11
enterprises (68.8%). 9 enterprises (56.3%) identified the "Middle East," "South America," as
export destinations. "Oceania" was reported by 8 enterprises (50.0%). Notably, 7 enterprises
(43.75%) reported exporting to all 7 regions. However, 2 enterprises (12.5%) indicated that they
do not engage in export activities and those which do not export are micro and small-sized

companies.
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3. MODEL DEVELOPMENT

One of the aims of this master's thesis is to develop a structured model for manufacturers in the
metal products industry in Sweden to assess Industry 4.0 maturity level. The framework
methodology developed in the preparation of the model is based on Hevner's design science

approach (2010) and Becker's study (2009), which provides a development method for maturity

models.

1. Initial draft of
maturity dimensions

and sub-dimensions ﬁ
2_Developing an
initial model to
gain n perspective \1

3. Determination of
the final maturity

dimensions

and sub-dimensions —‘_ﬁ
4_Evaluation of the
weights of dimensions

and sub-dimensions ﬁ

5 Final version
of the model

R’

6. Preparing a
questionnaire to
assess the maturity
level

Fig. 13. Model development stages

Industry 4.0 Maturity Model consists of 10 dimensions and 44 sub-dimensions with particular
weights application. During the process of establishing these dimensions and sub-dimensions,
meticulous attention was given to their alignment with the specific industry under investigation.
The determination of maturity dimensions and sub-dimensions for the development of the
maturity model was accomplished through a systematic examination of scientific literature.
Although the maturity models and evaluation factors found in the existing literature are often
adapted to specific sectors, it is crucial to acknowledge the valuable contributions of both the
literature and expert opinions in the development of the model proposed in this study.
Subsequently, an initial model was designed to establish a framework for comprehending the
underlying concept. The objective of this preliminary model was to facilitate a comprehensive

understanding of the maturity model and to identify pertinent dimensions and sub-dimensions.
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This approach afforded a broader framework and deeper insights into the trajectory of the
model. After the initial model was designed and the main dimensions and sub-dimensions were
determined, a systematic assessment was conducted using concept mapping techniques to
further refine the findings. Consequently, a total of 10 main dimensions and 44 sub-dimensions
were identified for the forthcoming development of the maturity model. The figure below
illustrates the final representation of the maturity model, inclusive of its dimensions and sub-

dimensions.
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The dimensions have been devised in accordance with the areas of digital transformation,
organizational structure, operational processes, and business development processes, which
hold significant importance in determining the maturity level of companies during the transition
to Industry 4.0. Sub-dimensions within each specific dimension have been evaluated from
diverse perspectives and through the utilization of various technologies. For instance, the sub-
dimension of "Product/Service Development" under the Innovation dimension was scrutinized
with regard to technologies such as AR/VR, loT, and Additive Manufacturing. Similarly, the
sub-dimension of "Productivity" under the Production dimension was examined using
technologies such as IoT, CPS, and Digital Twin. To provide another example, the statement
"The managers in our company provide the necessary support for the employees to adopt and
use 14.0 technologies" serves as both a measure for the "Leadership" sub-dimension and as an

influencing factor for the "Training" sub-dimension.

Overall maturity level is assessed in 4 stages:

1. Determining the weights of maturity dimensions and sub-dimensions
2. Determining the maturity level of each dimension

3. Determining the overall maturity level

3.1. Determining the weights of maturity dimensions and sub-

dimensions

The weights assigned to the dimensions within the Industry 4.0 maturity assessment model are
based on their relative importance and impact on organizational readiness and progress in
adopting Industry 4.0 capabilities. Some dimensions carry higher weights due to their direct
influence on core operations, while others have lower weights as they play supporting roles or
have comparatively less impact on overall maturity. The dimensions of Technology and
Production hold higher weights of 20% each, reflecting their crucial roles in driving Industry
4.0 maturity. Technology plays a pivotal role in Industry 4.0, harnessing the power of artificial
intelligence, 10T, and big data to drive automation, connectivity, and informed decision-making.
Production focuses on advanced manufacturing techniques, directly impacting efficiency,
quality, and flexibility. The significant needs required for implementing and integrating these

dimensions justify their higher weights.
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Table 2. Maturity dimensions, sub-dimensions and their weights

Innovation (10%0)

Survey Weights for Survey Weights for Survey Weights for Survey Weights for Survey Weights for
Subdimensions % maturity Subdimensions : maturity Subdimensions : maturity Subdimensions - maturity Subdimensions : maturity
evaluations assessment evaluations assessment evaluations assessment evaluations assessment evaluations assessment
2.44% 2.25% 4.01% 450% 3.50% 3.52% 3.60% B i 3.02% 3.33%
’ ' ’ ’ ' ’ ' Development ' '
2.79% 3.25% 3.40% 3.75% 3.60% 3.50% 3.52% 3.40% Business Models 3.49% 3.33%
3.21% 3.00% 2.97% 2.75% 3.10% 3.00% 3.06% 3.00% Open Innovation 3.49% 3.33%
2.66% 2.50% ‘ 2.97% 2.50%
2.01% 2.25% ‘ 3.75% 3.50%
2.79% 2.75% 2.88% 3.00%
2.21% 2.00% ‘
1.92% 2.00%
Strategy (10%) Customer Interaction (5%)
Weights for Weights for Weights for Weights for Weights for
Subdimensions eviluura\tlt?gns maturity Subdimensions eviluurz:t?gns maturity Subdimensions evzluura\llt?gns maturity Subdimensions evirur::t?gns maturity Subdimensions evzluura\tlt?()),ns maturity
assessment assessment assessment assessment assessment
. Management of
0, (V) 0, 0, 0, 0, 0, 0,
140 roadmap/Planning 1.68% 1.85% customer data 1.89% 1.90% 1.78% 1.70% 1.85% 2.00%
Competition 1.39% 1.50% Digital Marketing 1.50% 1.50% 1.58% 1.65% 1.59% 1.50%
Investment 1.64% 2.00% e o G 1.60% 1.60% 1.63% 1.65% 1.56% 1.50%
Modularity
Collaboration 1.55% 1.30%
Resource Management 1.18% 1.05%
Interoperability 1.39% 1.25%
Risk management 1.18% 1.05%
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Dimensions such as Security, Supply Chain, Strategy, and Innovation hold weights of 10%
each, striking a balance between their significance and relative impact. Security safeguards
interconnected systems and data, while Supply Chain optimization enhances operational
efficiency and customer satisfaction. Strategy aligns initiatives with business goals, and
Innovation fosters a culture of creativity and experimentation. These dimensions play critical
roles but have slightly lesser weights compared to Technology and Production. Meanwhile,
dimensions like Customer Interaction, Management, Culture, and HRM carry lower weights of
5%. This acknowledges their supporting roles in the Industry 4.0 journey. Customer Interaction
enhances engagement and experiences, while Management, Culture, and HRM facilitate and
govern transformation efforts. While acknowledging the importance of dimensions such as
Customer Interaction, management, culture, and hrm in the context of industry 4.0, their

influence on the overall maturity level of implementation is relatively modest in magnitude.

The total weight of the particular sub-dimensions in this model is equal to the weight of the
corresponding parent dimension. However, it has been acknowledged that not all sub-
dimensions carry equal importance. For instance, within the "Production" dimension, the sub-
dimension of "Automation" may hold greater significance compared to the sub-dimension of
"Cost Reduction". The determination of the weight of sub-dimensions was achieved through a
two-step process. Initially, an exhaustive literature review was conducted to establish a
theoretical foundation and pinpoint key thematic areas. Subsequently, to provide a framework
for evaluating the weights by determining the perceived importance of sub-dimensions among
manufacturing firms in Sweden, the factor evaluation questionnaire was conducted. The
respondents, exclusively consisting of employees from large-scale manufacturing companies,
rated each sub-dimension's importance on a scale of 1 to 5 (5 being the highest importance).
The reason why small-medium-sized companies were not included in this survey, as examined
in the maturity assessment survey findings, is that small-medium-sized enterprises are at
different stages in the transition to Industry 4.0 compared to large-scale companies, and this
may cause a decrease in the accuracy of the assessment. Finally, the weights of the dimensions
and sub-dimensions were determined with the perspectives provided by the theoretical basis of
the weighting of the sub-dimensions and the importance of the sub-dimensions obtained from
the empirical results. The table 2 above presents the weights of all dimensions and sub-
dimensions, as well as the percentage representation of sub-dimensions' importance for

businesses based on survey responses.
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3.2. Determining the maturity level of each dimension

After determining the weights of the sub-dimensions under the particular dimensions, a second
questionnaire was prepared to measure the maturity level of manufacturing enterprises
operating in the Metal products sector in Sweden. This questionnaire is an indispensable part
of the maturity model because companies need these survey results to determine their maturity
level. The answers given on a scale of 1-5 are aimed at determining the maturity of the sub-
dimensions included in the maturity model in the company. The formula used to calculate the

maturity of the dimensions is given in the Fig. 15.

n M: Maturity
Z L M X D: Dimension
M D — S = 1 Dis gD /s s: Sub-dimension

o Zn g: Weighting factor
n: Number of sub-dimensions

Fig. 15. Maturity dimesion assessment formula

The maturity level of each dimension (Mp) is determined by dividing the sum obtained by
multiplying the sub-dimensions (Mps) evaluated through the second questionnaire by their

weights (gps), by the weight of the relevant main dimension (gp).

In the maturity dimension assessment formula, the numerator represents the summation
obtained by multiplying the evaluations of the sub-dimensions (Mps) with their respective
weights (gps). On the other hand, the denominator represents the weight assigned to the
dimension (gp). By dividing the numerator by the denominator, we calculate the maturity level

(Mp) for the specific dimension.

For a better understanding of the calculation method, the calculations of "Supply Chain

Management", one of the maturity dimensions, are shown below.
My (Inventory Management) = 3.1, g41 = 0.036
M./ (Logistics Tracking) = 3.0, g42 = 0.034

Mas3 (Cost Optimization) = 2.8 , ga3 = 0.030

50



Inventory

Management
3.1
o
@-ccccccncnnnnnan Y
2.8 3.0
Cost Optimization Logistics tracking

Fig. 16. Supply chain maturity level

__ (3.1%0.036)+(3.0x0.034)+(2.8+0.030) __

M
4 0.10

2.98

Based on the calculations above, the maturity level of the Supply Chain dimension has been

determined to be 2.98.

The empirical research findings section presents radar charts illustrating the evaluation of the
maturity levels for the 10 dimensions and the overall maturity using the developed model and
data collected from respondents representing manufacturing enterprises in the metal products
sector in Sweden. These radar charts offer a visual representation of the assessed maturity
levels, allowing for a comprehensive understanding of the relative strengths and weaknesses

across different dimensions and the overall maturity level of the organizations studied.

3.3. Determining the overall maturity level

After assessing the maturity level of each dimension, the following formula should be used in

the final step to calculate the overall maturity level:
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Mo : Overall maturity level

M 0 — Z ( a5 xMD ) g, - Weight of maturity dimension

M, . Level of maturity dimension

Fig. 17. Overall maturity level assessment formula

Overall Maturity =  (Technology Weight *  Technology Dimension Level) +
(Production Weight * Production Dimension Level) + ... + (Culture Weight *

Culture Dimension_Level)

The overall maturity model will take a value on a scale of 1 to 5 after all calculations, and in
line with this value, the Industry 4.0 maturity of the enterprise is determined according to the

following scale.

1-1.5: Very low maturity level - Manufacturing companies in the metal products sector at this
maturity level have minimal adoption of Industry 4.0 technologies and practices. They may
have limited automation, manual data collection processes, and a low level of connectivity
between machines and systems. There is little integration of digital technologies into their

manufacturing processes, and they may not have a clear strategy for digital transformation.

1.5-2.5: Low maturity level - Companies at this level have started exploring and implementing
some Industry 4.0 technologies but are still in the early stages of adoption. They may have
implemented basic automation and data collection systems, but these are often isolated and not
fully integrated. There might be limited connectivity between different machines or systems,

and the data collected may not be fully utilized for decision-making or process optimization.

2.5-3.5: Moderate maturity level - Manufacturing companies at this level have made
significant progress in adopting Industry 4.0 technologies and practices. They have
implemented automation and data collection systems that are more integrated and
interconnected. They leverage data analytics to some extent for process optimization and
decision-making. However, there is still room for improvement in terms of the breadth and

depth of digitalization across their manufacturing operations.

3.5-4.5: High maturity level - Companies in the metal products sector at this maturity level
have achieved a high level of adoption and integration of Industry 4.0 technologies. They have
extensive automation and connectivity across their manufacturing processes, with a high degree
of interoperability between machines, systems, and data sources. They use advanced analytics,

machine learning, and artificial intelligence to optimize their operations, improve quality, and

52



enhance productivity. They have a well-defined digital strategy and actively invest in digital

transformation initiatives.

4.5-5: Very high maturity level - Manufacturing companies at this maturity level are at the
forefront of Industry 4.0 adoption and innovation. They have fully embraced advanced
technologies such as the Internet of Things (IoT), big data analytics, cloud computing, and
cyber-physical systems. Their manufacturing processes are highly automated and digitally
connected, enabling real-time data exchange and decision-making. They leverage advanced
predictive analytics and machine learning algorithms to optimize their entire value chain. These
companies continuously explore emerging technologies and drive industry-wide digital

transformation.
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4. EMPIRICAL RESEARCH FINDINGS OF INDUSTRY 4.0

In the empirical research results section, the results of the conducted survey and the overall

maturity findings assessed with the help of the developed model are included.

4.1. The effective use of 14.0 technologies by the different company sizes

The results of the maturity assessment survey demonstrate the extent to which companies of
different sizes (micro-small, medium, and large) utilize Industry 4.0 technologies such as
Artificial Intelligence (Al), Internet of Things (IoT), Big Data, Cloud Computing, Cyber-
Physical Systems (CPS), Simulation/Digital Twin, Augmented/Virtual Reality (AR/VR), and
Additive Manufacturing.

Table 3. Effective use of industry 4.0 technologies by the different company sizes

Company Al loT  Big Cloud CPS  Simulation/ AR / Additive

size Data  Computing Digital Twin VR Manufacturing
Micro-small 1,6 19 18 1,8 1,3 1,0 1,0 2,0

Medium 1,0 23 21 2,4 1.2 2,1 1,3 15

Large 19 33 29 2,7 2,3 2,2 1,8 2,3

Average 1,8 30 26 2,6 2,0 2,0 1,7 2,2

Source: prepared by author, based on the maturity assessment survey results

According to the survey results, a clear trend is observed in the use of Industry 4.0 technologies.
Generally, it is seen that large companies use these technologies more. This may be because
large companies often have more resources and the ability to invest in such technologies. Also,
because large companies often have more complex business processes, they take advantage of

the efficiency and automation benefits provided by these technologies.

In general, we see that IoT, Big Data and Cloud Computing technologies are the most widely
used technologies in all company sizes, although the average values of the usage rates of
Industry 4.0 technologies are low to medium. This highlights that data is becoming more and
more important in business processes and decision-making, and the importance of the [oT's

ability to collect this data.

The effective use of Industry 4.0 technologies by different company sizes is shown in a radar
chart as below.
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Fig. 18. Effective use of industry 4.0 technologies by the company size

On the other hand, the use of Artificial Intelligence (Al), CPS, AR/VR technologies is generally

lower. This could mean that these technologies require more complex and perhaps more

specialized knowledge. In particular, Al and Simulation/Digital Twin technologies may require

a high level of technical skill and therefore may be less common.
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Fig. 19. Effective use of industry 4.0 technologies by large-sized enterprises

Large companies are more active in all areas of technology in general. This is particularly

striking in the fields of [0T (3.3), Big Data (2.9) and Cloud Computing (2.7). The fact that large
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companies operate more in technology areas can be associated with these companies having
more resources and finance. Large companies can more easily access and implement new
technologies. This is of great importance in terms of gaining competitive advantage and

supporting innovation.
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Fig. 20. Effective use of industry 4.0 technologies by medium-sized enterprises

Medium-sized companies have the highest activity in IoT (2,3) and Cloud Computing (2.,4),
while lower activity in CPS (1,2) and AR/VR (1.3). The higher activity level of mid-sized
companies in [oT and Cloud Computing may be related to the fact that these technologies offer
significant advantages in terms of scalability and efficiency. Cloud Computing offers flexibility
and lower infrastructure costs, while IoT helps companies optimize their operations and reduce

costs.
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Fig. 21. Effective use of industry 4.0 technologies by micro-small-sized enterprises

Micro-Small Companies are generally fewer users of technologies. Additive Manufacturing
(2.0) scores the highest for this group, while Simulation/Digital Twin and AR/VR (both 1.0)
score the lowest. This may be because micro-small companies often have fewer resources and
have more difficulty investing in such advanced technologies. However, the high score of
Additive Manufacturing indicates that such companies are able to focus on certain technologies

and make progress in certain areas.

The results show that there is a direct relationship between company size and the level of
activity in technology areas. It is seen that large companies can adapt to new technologies faster
and operate more in these areas with more resources and financing. Small and medium-sized
companies, on the other hand, may have to prioritize technology investments because they have
more limited resources. This leads to lower activity levels in some areas. Understanding and
analyzing companies' activity levels in these technology areas can help companies plan their
future strategies, use their resources in the most effective way, and invest in technologies that

can provide a competitive advantage.

4.2. The effective use of 14.0 technologies by different production types

The survey results also show the extent to which companies in different types of production
(Tool/Equipment, Metal, Iron/Steel, Mining, Refractory, Recycling and Service Provider)
benefit from Industry 4.0 technologies.
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Table 4. Effective use of industry 4.0 technologies by the different production types

Company Al | IeT Big Cloud CPS Simulation/ AR /| Additive
Production Type Data | Computing Digital Twin | VR Manufacturing
Tool/Equipment 1,9 | 4,1 2,8 3,5 2,7 2,8 23 2,7
Metal L7 | 1,7 1,8 1,3 1,3 1,7 1,1 1,2
Iron/Steel 14 | 2,1 24 2,1 1,5 1,5 1,3 1,1
Mining 2,7 | 3,8 3,6 2,9 3,1 2,8 2,3 3,9
Refractory 1,0 | 3,6 32 3,8 1,3 3,3 1,7 2,0
Materials

Recycling 1,0 | 1,0 1,0 1,0 1,0 1,0 1,0 1,0
Service Provider 22 |28 2,5 2,6 1,5 1,0 1,0 3,0
Average 1,8 | 3,0 2,6 2,6 2,0 2,0 1,7 2,2

Source: prepared by author, based on the maturity assessment survey results

Survey results show that industries are adopting Industry 4.0 technologies in different ways and
to varying degrees. What is particularly evident is the high usage rates of IoT and Big Data
across industries. Thanks to their data collection and analysis capabilities, these technologies
appear to play a critical role in monitoring the operations of various industries, improving their

processes and empowering their decision-making processes.

The Tools/Equipment, Mining and Refractory Materials sectors make particularly heavy use of
these technologies and Cloud Computing. These industries often process large volumes of data
and require sophisticated technologies to analyze and store this data. Therefore, it is not
surprising that these sectors invest heavily in Cloud Computing. In addition, the Mining and
Tool/Equipment sectors have also scored highly on Additive Manufacturing, which may mean
they need a fast and efficient on-site production of certain parts or equipment. These industries
also need these technologies to increase the efficiency and reliability of their business processes,

often due to the complexity and scale of their operations.

The Iron/Steel and Metal sectors generally use Industry 4.0 technologies at a slightly below-
average level. However, these industries have slightly higher scores in IoT and Big Data. This
may reflect the need for industries to use data collection and analysis capabilities on a larger
scale. However, we see that these sectors have lower scores in Cloud Computing,
Simulation/Digital Twin and Additive Manufacturing. This may indicate that these technologies
are perhaps not well suited to the specific business processes of these industries or that there is

difficulty in fully understanding the potential returns from investing in these technologies.
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Fig. 22. Effective use of industry 4.0 technologies by production types

The recycling industry shows low usage rates in all technologies. This may indicate that the
recycling industry is perhaps more constrained in technological investments, or that there is
uncertainty about how suitable these technologies are for certain business processes. This may
indicate that the industry is hesitant to invest in these technologies, perhaps due to difficulties
in accessing technology or perhaps a lack of understanding of the return on technological

investments.

Service Providers make particularly heavy use of Artificial Intelligence and IoT technologies.
As the service industry is generally less impacted by physical manufacturing, these technologies
may be investing more in customer service, automation of business processes, and overall
operational efficiency. This shows that service providers are proactive in using technology to

improve business processes and customer experiences.
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Fig. 23. Average of effective use of industry 4.0 technologies

When the two result tables are evaluated together, some common trends and differences are
observed in the activities in the fields of technology according to the size of the company and
the type of production. 0T, Cloud Computing and Big Data are the most popular and widely
used technologies by both company size and production type. Large companies generally have
higher levels of activity in all technology areas. This shows that large companies have more
resources and budgets and therefore can make technology investments in a wider area. Small
and micro companies, on the other hand, tend to offer customized products and services,

focusing on more specific technologies.

4.3. Industry 4.0 maturity of manufacturers in the metal products sector in

Sweden

The overall maturity level of Industry 4.0 was assessed by the developed model and maturity
assessment survey data obtained from nine different manufacturing enterprises in the metal
products industry in Sweden, including Metal Processing and Shaping, Iron/Steel Processing
and Shaping, Tool/Equipment Manufacturing, and Metal Coating and Plating production types.
The calculation of the sector's overall maturity level was conducted using the developed model,

and the maturity radar charts for each dimension are provided in the following sections.
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4.3.1. Maturity of the technology dimension

The technology maturity level of manufacturers operating in the metal products sector in

Sweden was assessed using survey data and the developed model, as follows:
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Fig. 24. Technology maturity level

The technology maturity dimension shows a relatively low adoption rate for certain Industry
4.0 technologies within the surveyed companies. Specifically, Artificial Intelligence (AI) and
Cyber-Physical Systems (CPS) both received a score of 1.9 out of 5, indicating a limited
application of these technologies. In contrast, the Internet of Things (IoT) has achieved a
moderate adoption level, scoring 3.1. This exhibits a partial implementation of [oT technologies
within these organizations. Big Data and Cloud Computing, scoring 2.6 and 2.7 respectively,
also reflect a medium degree of adoption. Technologies such as Simulation/Digital Twin,
AR/VR, and Additive Manufacturing scored relatively lower with 2.0, 1.7, and 1.8,
respectively, indicating an area of potential growth and focus for these companies. While a
certain level of technological maturity is evident in IoT (3.1), Big Data (2.6), and Cloud
Computing (2.7), there is scope for significant improvement in the adoption of Al (1.9), CPS
(1.9), Simulation/Digital Twin (2.0), AR/VR (1.7), and Additive Manufacturing (1.8). Finally,
the maturity level of the Technology dimension was calculated as 2.28 with the method

mentioned in model development.
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4.3.3. Maturity of the security dimension

The security maturity level of manufacturers operating in the metal products sector in Sweden

was assessed using survey data and the developed model, as follows:

Cyber Security
2.5
o
® e
26 tteee.., ®
3.6
Policies Data storage

Fig. 25. Security maturity level

The Security dimension, a key facet of Industry 4.0 adoption, exhibits a range of adoption levels
within the surveyed organizations. Data Storage stands out with a high adoption score of 3.6,
indicating a solid implementation of this sub-dimension. This suggests that companies are
recognizing the importance of robust data storage systems as part of their security infrastructure.
The Cyber Security sub-dimension displays a more moderate level of implementation with a
score of 2.5. This finding indicates a need for increased focus on enhancing cyber security
measures, given its paramount importance in Industry 4.0 framework. The implementation of
Policies, another critical sub-dimension of the Security dimension, shows a similar pattern to
Cyber Security with a score of 2.6, suggesting that there is room for further strengthening of
security-related policies and procedures. The reason why Policies had a low result is that
companies may not have fully realized the importance of Industry 4.0 policies and may not
have given enough importance to the policy formulation process. In addition, the creation of
Industry 4.0 policies can be a complex process and companies may not have sufficient
knowledge or resources in this regard. In summary, while Data Storage shows a high level of

adoption (3.6) comparatively, Cyber Security (2.5) and Policies (2.6) have not reached the same
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level of maturity. The overall maturity level of the Security dimension was assessed as 2.90,

which is the third-highest maturity dimension among the other dimensions.

4.3.2. Maturity of the production dimension

The production maturity level of manufacturers operating in the metal products sector in

Sweden was assessed using survey data and the developed model, as follows:

Automation

3.0
Sustainability @ Productivity
16 26

15
2.9

Optimization Cost Reduction
1.7

Design

Fig. 26. Production maturity level

Automation and Optimization technologies appear to have a moderate adoption level, scoring
3.0 and 2.9, respectively, implying their partial integration into these organizations' practices.
In contrast, the focus on Productivity measures is somewhat lower, with a score of 2.6,
signifying that there's room for further improvement in the application of these strategies. Cost
Reduction (1.5) and Design (1.7) strategies score considerably lower, this signifies a
considerable underutilization of these strategic components of Industry 4.0 within these
companies. In terms of cost reduction, companies have a low level of transition and there may
be a need to invest more in digital optimization and cost-effective technologies. Sustainability
(1.6), another crucial aspect of contemporary industrial practices, also scores low demonstrating
a significant potential area for development and alignment with global sustainable production
trends. While a moderate level of maturity is visible in Automation (3.0) and Optimization (2.9),

there are substantial opportunities for growth and improvement in the adoption of strategies
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aimed at Productivity (2.6), Cost Reduction (1.5), Design (1.7), and Sustainability (1.6). Finally,
the maturity level of the Production dimension was computed as 2.33 using the method outlined

in the model development.

4.3.4. Maturity of the supply chain management dimension

The supply chain management maturity level of manufacturers operating in the metal products

sector in Sweden was assessed using survey data and the developed model, as follows:

Inventory
Management

31

Cost Optimization Logistics tracking

Fig. 27. Supply chain maturity level

The Supply Chain dimension reflects one of the highest levels of maturity along with the
Security and Culture dimension for the Metal products industry. Inventory Management (3.1)
and Logistics Tracking (3.0) are perceived with moderate levels of adoption. These scores
suggest a noteworthy degree of implementation of these sub-dimensions in the organizations'
supply chain strategies. The Cost Optimization sub-dimension, however, has a slightly lower
score of 2.8, indicating that while this area is recognized, there remains potential for further
optimization and implementation of cost-saving measures. By using more advanced cost
analysis and optimization tools, companies can reduce material and labour costs, optimize
logistics costs and improve operational efficiency. Eventually, Inventory Management (3.1),

Logistics Tracking (3.0) and Cost Optimization (2.8) show moderate levels of adoption. The
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overall maturity level of the Supply Chain dimension is evaluated as 2.98, which is the highest

maturity level among all dimensions.

4.3.5. Maturity of the strategy dimension

The strategy maturity level of manufacturers operating in the metal products sector in Sweden

was assessed using survey data and the developed model, as follows:

140 roadmap/Planning

2.6
Risk management Competition
1.9 2.7
2.0 2.9
Interoperability Investment
1.9 2.8
Resource .
Collaboration
Management

Fig. 28. Strategy maturity level

The Strategy dimension is an essential aspect of Industry 4.0 implementation. The Investment
and Collaboration sub-dimensions have scored 2.9 and 2.8 respectively, indicating a moderate
level of adoption. The sub-dimensions of 4.0 roadmap/Planning (2.6) and Competition (2.7)
reflect a slightly lower level of adoption. While these scores indicate a certain degree of
strategic focus on planning and competitive dynamics, there's potential for further emphasis on
these areas. Substantially lower scores are observed in Resource Management (1.9),
Interoperability (2.0), and Risk Management (1.9) sub-dimensions and these represent areas
that have not yet reached the same level of maturity as the other sub-dimensions, revealing
considerable scope for development and integration of these strategic aspects into the overall
framework. The reasons for the low level of the Risk Management sub-dimension may include
factors such as companies' inability to fully assess the risks associated with Industry 4.0

technologies, lack of risk management strategies and policies, and lack of adequate measures
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against security threats. The low level of Resource Management can be attributed to factors
such as companies' lack of effective management of resources for Industry 4.0 technologies and
lack of appropriate skills. To summarise, while Investment (2.9), 140 roadmap/Planning (2.6),
Competition (2.7) and Collaboration (2.8) reflect moderate maturity levels, significant
improvement opportunities exist for Resource Management (1.9), Interoperability (2.0), and
Risk Management (1.9). The strategy dimension is observed to be at an average level when the
maturity levels of other dimensions are taken into consideration and the overall maturity level

is 2.48.

4.3.6. Maturity of the innovation dimension

The innovation maturity level of manufacturers operating in the metal products sector in

Sweden was assessed using survey data and the developed model, as follows:

Product/Service
Development

2.4

2.6
3.3

Open Innovation Business Models

Fig. 29. Innovation maturity level

The Innovation dimension, which is one of the most important dimensions in Industry 4.0
implementation, shows different levels according to different sub-dimensions. Particularly, the
Business Models sub-dimension scores highest with 3.3, and this implies that these
organizations are actively exploring and implementing innovative business models in alignment
with Industry 4.0 principles. Developing more flexible, innovative and value-oriented business

models can provide a competitive advantage in the Industry 4.0 transformation process.
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However, Product/Service Development (2.4) and Open Innovation (2.6) sub-dimensions have
lower scores relatively. While these scores indicate a certain level of recognition and adoption,
they also suggest potential areas for growth and deeper integration into organizational
strategies. The level of the innovation maturity dimension was determined as 2.77 at the end of

the calculations as having a level above the average compared to other dimensions.

4.3.7. Maturity of the customer interaction dimension

The customer interaction maturity level of manufacturers operating in the metal products sector

in Sweden was assessed using survey data and the developed model, as follows:

Management of
customer data

2.8

1.9 23

Personalization

and Modularity Digital Marketing

Fig. 30. Customer interaction maturity level

The Management of Customer Data sub-dimension scored highest at 2.8 among other sub-dimensions,
reflecting a moderate level of adoption. On the other hand, Digital Marketing and Personalization and
Modularity sub-dimensions display lower scores of 2.3 and 1.9, respectively. This specifies that although
companies have made moderate progress in effectively managing customer data, they still need
improvements in fully adopting digital marketing strategies and personalization. It is important for

companies to use customer data more effectively, improve their digital marketing strategies and work
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more on personalization/modularity in order to increase customer satisfaction and gain a competitive
advantage. These scores point to areas with potential for enhancement, as they play vital roles in
customer engagement and satisfaction in the context of Industry 4.0. The overall maturity level of the
Customer Interaction dimension, computed using the outlined calculations in model development, is

2.36.

4.3.8. Maturity of the management dimension

The management maturity level of manufacturers operating in the metal products sector in

Sweden was assessed using survey data and the developed model, as follows:

Decentralization
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Fig. 31. Management maturity level

The Management dimension exhibits one of the lowest maturity levels of within the metal
products industry. The Continuous Improvement (2.7) sub-dimension shows the highest score,
indicating a moderate level of adoption. This suggests that firms within the industry recognize
the importance of continuous improvement in alignment with Industry 4.0 principles. However,
the scores for Decentralization and Quality Management are significantly lower at 1.8 each.
Similarly, Leadership and Decision Making sub-dimensions score only slightly higher at 2.1
and 2.2 respectively. These scores indicate substantial potential for improvement in these areas,

crucial for successful management in the context of Industry 4.0. In Industry 4.0, management
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is crucial in effectively aligning corporate strategies, processes and resources to drive digital
transformation and maximize the benefits of emerging technologies. However, the overall
maturity level of the Management dimension is assessed as 2.15, one of the lowest along with

the HRM dimension.

4.3.9. Maturity of the culture dimension

The culture maturity level of manufacturers operating in the metal products sector in Sweden

was assessed using survey data and the developed model, as follows:

Open for Changes

3.3

Communication Information sharing

Fig. 32. Culture maturity level

The Culture dimension, integral to successful Industry 4.0 implementation, shows levels of sub-
dimension maturity in the Metal products industry. Notably, the Open for Changes (3.3) sub-
dimension scores the highest level of maturity in the Culture dimension. This indicates the
organizations in the sector have cultivated an openness to change, a critical element for the
successful integration of Industry 4.0 principles. Additionally, Information Sharing and
Communication sub-dimensions have scored 2.8 and 2.6 respectively. While these scores
indicate some degree of adoption, they also highlight potential areas for growth. Ensuring
effective information sharing and communication is vital for fostering a culture conducive to
Industry 4.0. The Culture dimension's overall maturity level was determined to be 2.94, ranking

it second in terms of maturity among all dimensions assessed.
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4.3.10. Maturity of the human resource management dimension

The human resource management maturity level of manufacturers operating in the metal

products sector in Sweden was assessed using survey data and the developed model, as follows:

Awareness 140

2.4

Training Employee Autonomy

Fig. 33. Human resources maturity level

The HRM (Human Resource Management) dimension displays the lowest maturity level among
the other dimensions within the metal products industry. The sub-dimensions assessed within
HRM are Awareness of Industry 4.0, Employee Autonomy, and Training. Awareness of Industry
4.0 scored 2.4, indicating that there is still a need for improvement in raising awareness to a
higher level. Employee Autonomy (2.1) score reveals a low level of empowerment and
decision-making authority given to employees. Further efforts could be made to increase
employee autonomy, which is important for fostering innovation and adaptability. Training,
with a score of 1.9, indicates a lower level of emphasis on training programs specific to Industry
4.0 technologies and practices. Enhancing training initiatives better equips employees with the
necessary skills and knowledge required for the successful implementation of Industry 4.0
solutions. Nevertheless, the overall maturity level of the HRM dimension was calculated as

2.14, which is the lowest maturity dimension level.
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4.3.11. Overall maturity level

Finally, the levels of the 10 maturity dimensions of the Metal products sector processors in

Sweden are shown in a single radar chart.
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Fig. 34. Maturity levels of all dimensions

According to the overall maturity assessment formula (Fig. 17.) in the model development

section, the overall maturity of the sector is as follows:
Overall Maturity = X (dimension_weight * dimension_maturity)

Overall maturity level = (0.20 * 2.28) + (0.20 * 2.33) + (0.10 * 2.90) + (0.10 * 2.98) + (0.10
*2.48) + (0.10 * 2.77) + (0.05 * 2.36) + (0.05 * 2.15) + (0.05 * 2.94) + (0.05 * 2.14) = 2.52

Based on calculations using survey data and a developed model, manufacturers operating in the
metal products sector in Sweden were assessed with an overall maturity level of 2.52 out of 5.
According to the scale outlined in the model development section, this indicates that the
manufacturers in the sector have achieved a moderate level of maturity. In other words, these
manufacturing companies have made significant progress in adopting Industry 4.0 technologies
and practices. They have implemented integrated and interconnected automation and data
collection systems within their operations. They also leverage data analytics to some extent for
optimizing processes and making informed decisions. However, there is still a need for
improvement in terms of expanding and deepening the digitalization efforts across their

manufacturing operations.
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CONCLUSIONS AND RECOMMENDATIONS

This master's thesis aimed to investigate the challenges faced by enterprises in Industry 4.0 and
the factors impacting its successful implementation, through a scientific literature review, and
to develop an Industry 4.0 maturity level for manufacturing enterprises within Sweden's Metal
Products Industry and assess the overall maturity of the sector by conducting empirical research.
The research addressed the lack of comprehensive models to determine the maturity of

manufacturing enterprises in the Metal products industry and aimed to bridge this gap.

1. Successfully implementing Industry 4.0 necessitates a holistic approach encompassing
interoperability, efficient data management, robust cybersecurity, and workforce
development. Overcoming challenges, such as high upfront costs, lack of
standardization, and data privacy concerns, is essential. An adaptive strategy combining
people, processes, and technology is key to optimizing operations and maintaining
competitiveness in the digital era.

2. Based on empirical research findings, it has been established that Micro-small-sized and
medium-sized enterprises exhibit limited efficacy in the utilization of Industry 4.0
technologies. Conversely, large-sized companies have demonstrated moderate progress
in incorporating [oT (3.3), Big Data (2.9), and Cloud Computing (2.7) technologies, but
their efficiency in employing Al (1.9) and AR/VR (1.8) technologies remains low.
Notably, enterprises engaged in Mining and Mineral Processing and Tool/Equipment
production have been evaluated as surpassing the average in effectively leveraging these
technologies. In terms of production type and company size, [oT (3.0) emerges as the
most proficiently utilized Industry 4.0 technology, while AR/VR (1.7) technology is
perceived as the least effectively employed.

3. In the maturity assessment findings, the overall Industry 4.0 maturity of the metal

products industry in Sweden was assessed by using the developed model in this study.

The Security dimension (2.90) has one of the highest levels among all dimensions.
However, Cyber Security (2.5) and security-related Policies (2.6) still require further
strengthening. Companies should prioritize cyber security measures by implementing

robust data protection systems, encryption protocols, and continuous monitoring.

Automation (3.0) and Optimization (2.9) subdimensions have reached a moderate level
of adoption under the Production dimension (2.33) during the Industry 4.0 adoption,
while strategies related to Cost reduction (1.5), Design (1.7), and Sustainability (1.6) are
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underutilized. To improve production processes, organizations should focus on
implementing cost reduction measures, enhancing design capabilities, and prioritizing
sustainable practices. To maximize the benefits of Industry 4.0, companies need to
prioritize effective Resource Management (1.9), develop strategies for seamless

Interoperability (2.0), and implement robust Risk Management (1.9) practices.

Business Models (3.3) have shown the highest level of maturity in the Innovation
dimension (2.77), indicating that organizations are actively exploring and implementing
innovative approaches. By further exploring and implementing innovative business
models, improving Product/Service Development (2.4) processes, and leveraging
Digital Marketing (2.3) strategies and Personalization/Modularity (1.9), organizations
can enhance customer engagement, increase customer satisfaction, and gain a

competitive advantage in the market.

The Management dimension (2.15) demonstrates a low level of maturity since
subdimensions like Decentralization (1.8), Quality Management (1.8), Leadership (2.1),
and Decision Making (2.2) require significant improvement. Additionally, the Culture
dimension (2.94) reflects moderate maturity levels in Openness to Change (3.3) and
Information Sharing (2.8), but further efforts can be made to enhance Communication
(2.6) within organizations. Therefore, companies should focus on improving these
factors under Industry 4.0 implementation to build a culture of continuous improvement

and adaptability.

The HRM (2.14) dimension lags behind other dimensions in terms of maturity, with low
scores in Awareness of Industry 4.0 (2.4), Employee Autonomy (2.1), and Training (1.9).
Organizations need to invest in raising awareness about Industry 4.0 among employees

and provide comprehensive training programs to upskill the workforce.

To conclude, companies in the metal products industry in Sweden have made moderate progress
in adopting Industry 4.0 technologies, but there is still a long way to go to achieve higher
maturity levels. It is recommended that companies allocate resources to adopt innovative
technologies, improve production processes, strengthen security measures, enhance innovation
capabilities, focus on customer satisfaction, and cultivate a supportive organizational culture.
These recommendations can contribute to a more successful Industry 4.0 transformation and
enable companies to gain a competitive edge in the evolving landscape of the Metal Products

Industry.
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Future work:

Future studies in this area can turn the developed maturity model into a software tool, and after
the survey, the respondents can instantly see the maturity level of their companies. On the other
hand, adapting or extending the research to different sectors within the manufacturing sector
can provide a more comprehensive understanding of the maturity levels and challenges in the
transition to Industry 4.0. Considering the evolving landscape of Industry 4.0 and staying
updated with emerging technologies and trends would enable continuous refinement and

improvement of the developed model.
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Appendix A: Correlation Matrix
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Appendix B: Questionnaire of factor evaluation

NEZ,58 |
INDUSTRY

4.0

/ 7\ ;

Importance of Industry 4.0 Subdimensions

This survey is designed to evaluate the importance of the sub-dimensions in the Industry 4.0 maturity model to
be developed for manufacturers operating in the Metal products industry in Sweden.

The answers you provide in this survey will be used to develop the Industry 4.0 maturity model, which is the
objective of the master's thesis.

The survey will take approximately 2-3 minutes to complete, and your responses will only be used in aggregate.
Your answers will remain confidential and anonymous, and your privacy will be ensured.

Thank you for taking the time to participate in this survey.

1. Please select the production type(s) of your enterprise *

D Metal Processing and Shaping
Iron/Steel Processing and Shaping
Tool/Equipment Manufacturing
Mining and Mineral Processing
Metal Coating and Plating
Aluminum Processing

Copper Processing

Recycling

Assembly

COther:

O00000000
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2. What department do you work in at your enterprise? *

Sales and Marketing

Human Resources

Accounting and Finance

Administration and General Services
Research and Innovation

Production and Operations

Information Technology (IT)

Logistics and Supply Chain Management

Quality Control and Assurance

O O0OO0O0O0O0O0OO0OO0OO0OO0O0

COther:

3. What is the size of your company? *

O Microenterprise (1 to 9 employees)
O Small enterprise (10 to 49 employees)
O Medium-sized enterprise (50 to 249 employees)

O Large enterprise (250 employees or more)
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4. In which region(s) outside of Sweden does your enterprise operate? *

|:| Our enterprise operates only in Sweden
Europe

Middle East

MNorth America

South America

Asia

Africa

0000000

Oceania

5. To which region(s) does your enterprise export? *

Our enterprise does not export
Europe

Middle East

North America

South America

Asia

Africa

00000000

Oceania
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6. Please rate the importance of the following factors in the Industry 4.0 process *
onascaleof1to5
( 1: Not at all, 2: Slightly, 3: Moderately, 4: High, 5: Very high )

: 2 3 4 5
Cyber Security O O O O O
Data storage O O O O O
Security Policies O O O O O

Inventory
Management in
Supply Chain

O
O
O
O
O

Logistics Tracking

Cost Optimization
in Supply Chain

Automation

Productivity in
Production

Cost Reduction in
Production

Product/Service
Design

Optimization in
Production

Sustainability

Decentralization

O O 0O O O O O O O
O O O O O O O O O
O O O O O O O O O
O O O O O O O O O
O O O O O O O O O



Leadership

Decision Making

Quality
Management

Continuous
Improvement

Product/Service
Development

Business Models

Open Innovation

Awareness 4.0

Employee
Autonomy

Training

1.40
roadmap/Planning

Competition

Investment

Collaboration

O O o 0O o O 0O 0O 0 O O O O O

O 0 0 0 o 0O 0 0o O O O O O
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Resource
Management

Interoperability

Risk Management

Management of
Customer Data

Digital Marketing

Personalization
and Modularity

Open for Changes

Internal
Information
Sharing

Internal
Communication

O O O O O O O

O

O O O O O O O

O
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Appendix C: Questionnaire of maturity assessment

Industry 4.0 Maturity Level

This survey is designed to assess the Industry 4.0 maturity level of manufacturers operating in the Metal
products industry in Sweden.

The answers you provide in this survey will be used to assess the Industry 4.0 maturity level, which is one of
the master's thesis objectives.

The survey will take approximately 5 minutes to complete, and your responses will only be used in aggregate.
Your answers will remain confidential and anonymous, and your privacy will be ensured.

If you want your company'’s Industry 4.0 maturity level to be sent to you as a report later, you can share your
email address at the end.
Thank you for taking the time to participate in this survey.
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1. Please select the production type(s) of your enterprise *

O

ODO00000000

Metal Processing and Shaping
Iron/Steel Processing and Shaping
Tool/Equipment Manufacturing
Mining and Mineral Processing
Metal Coating and Plating
Aluminum Processing

Copper Processing

Recycling

Assembly

COther:

2. What department do you work in at your enterprise? *

OO0OO0O0O000O0O0O0

Sales and Marketing

Human Resources

Accounting and Finance

Administration and General Services
Research and Innovation

Production and Operations

Information Technology (IT)

Logistics and Supply Chain Management
Quality Control and Assurance

Other:
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3. What is the size of your company? *

O Microenterprise (1 to 9 employees)
O Small enterprise (10 to 49 employees)
O Medium-sized enterprise (50 to 249 employees)

O Large enterprise (250 employees or more)
4. In which region(s) outside of Sweden does your enterprise operate? *

|:| Our enterprise operates only in Sweden
Europe

Middle East

North America

South America

Asia

Africa

0000000

Oceania
5. To which region(s) does your enterprise export? *

|:| Our enterprise does not export
Europe

Middle East

North America

South America

Asia

Africa

0000000

Oceania
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6. Please rate the importance level of the following Industry 4.0 technologies for *
your business from 110 5
(0: Unsure 1: Not at all, 2: Slightly, 3: Moderately, 4: High, 5: Very high )

o 1 2 a3 a4 s
ey O O O O O O
penetefes 9 0 O O O O
Bgbaaanayss O O O O O O
Coudeompuing O O O O O O
ey O O O O O O
Smigtor®etsl 5 0 O O O O
Augmented

ey OO O O O O
(VR)

e O O O O O O

Manufacturing
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7. Please rate how effectively Al is used for your enterprise on a scale of 1-5in *
the following factors

Product/Service
Development

Quality
Management

Decision Making

Decentralization

O O O O O
O O O O O
O O O O O
O O O O O
O O O O O
O O O O O

Reducing
Human Labor

8. Please rate how effectively loT is used for your enterprise on a scaleof 1-5in *
the following factors

Automation

Optimization
in Production

Productivity in
Production

Inventory
Management

O O O O O
O O O O O
O O O O O
O O O O O
O O O O O
O O O O O

Logistics
Tracking
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9. Please rate how effectively Big Data Analysis is used for your enterprise on a
scale of 1-5 in the following factors

Decision
Making

Management
of Customer
Data

Continuous
Improvement

Digital
Marketing

Competitor
Analysis

Cost
Optimization
in Supply
Chain

91
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10. Please rate how effectively Cloud Computing is used for your enterpriseona *
scale of 1-5 in the following factors

Data Storage

Digital
Marketing

Internal

Information O O O O O O

sharing

Internal O O O O O O

Communication

Tin O O O O O O©0

autonomy
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11. Please rate how effectively Cyber-Physical Systems (CPS) is used for your *
enterprise on a scale of 1-5 in the following factors

s | > 5 4 5
e 0O O 0 0O O
arman O O O O O O
sstamabity O O O O O O
e O O O O O O
e O O O O O O
CyberSecurity (O O O O O O
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12. Please rate how effectively Simulation/Digital Twin is used for your enterprise *
on a scale of 1-5in the following factors

Optimization
in Production

Productivity in
Production

Continuous
Improvement

Decision
Making

Reducing
Human Labor

Reducing
Waste

Risk
Management

O O O O O O O
O O O O O O O
O O O O O O O
O O O O O O O
O O O O O 0O O
O O O O O 0O O

Cost
Reduction in
Production

O
O
O
O
O
O
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13. Please rate how effectively AR / VR is used for your enterprise on a scale of 1- *
5in the following factors

Design O O O O
Sustainability O O O O
O O

O O O
O O O

FProduct/Service
Development O O

14. Please rate how effectively Additive Manufacturing is used for your enterprise *
on a scale of 1-5 in the fellowing factors

Personalization
and Modularity

Product/Service
Development

Design

O O O
O O O
O O O
O O O
O O O
O O O
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15. Please evaluate the following statements on ascaleof 1to 5*

Qur company
embraces
changing
industrial
trends and

renews its O O O O O
approach to
integrating
14.0
technologies

The

employees in
our company
have O O O O O
knowledge of
14.0 and its
technologies

Managers in
our company
have
knowledge

and O O O O O
experience in
14.0
technologies

Managers in
our company
provide the
necessary
support for O O O O O
employees to
adopt and use
14.0
technologies
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Our company
creates an 4.0
roadmap to
move toward
our goals

Our company
incorporates
14.0
technologies
into its
investment
plans

Our company
cooperates
with various
companies
and supply
chain
stakeholders
about 14.0

Our company
ensures the
compatibility
and
integration of
14.0
technologies
by sharing
data between
different
systems

Our company
employs open
innovation
methods with
partners and
customers to
enhance its
products and
services

97



Our company
implements

an updated O O O O O O

security policy
for 14.0
technologies

16. You can share your email address if you would like to learn about your company's
Industry 4.0 maturity level

Your answer
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