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 ABSTRACT 
 
Introduction Industry 4.0 is rapidly approaching the manufacturing industry and are 

generating multiple challenges for the companies to overcome. 

Simultaneously, the customer demand is changing towards customisation 

and the industry requires new technology within the production system 
development to remain competitive. Therefore, the purpose of this thesis is 

to develop a framework and assess the maturity towards Industry 4.0 and to 

provide guidance for further advancement. The following two research 
questions were defined and answered to guide the authors: 

 RQ1: What dimensions should be considered when assessing the 

maturity of Industry 4.0? 

 RQ2: How could the maturity assessment of Industry 4.0 be 

performed?     

 

Methodology A literature review was performed to attain previous results within the area 

of creating and performing maturity assessment. Further, a multiple case 

study was performed at a selection of case companies where semi-
structured interviews, workshop and observations were used to collect 

empirical data. The analysis has been performed through a cross case 

analysis for evaluating patterns between the frame of reference and 

empirical findings.  
 

Frame of Reference The literature review increased the authors understanding of how a maturity 

assessment model functions and which parameters that creates the 
foundation. The review mainly focused on what set of dimensions and how 

many levels that can be used in relation to assess a production system. 

 

Empirical Findings The empirical findings provide an overview of the current state of 

production within each case company. Aspects regarding a transition 

towards Industry 4.0 is elaborated based on process, technology and people 

aspects.  
 

Analysis and 

Discussion 
The synthesis between Frame of Reference and Empirical findings 

contribute with important dimensions to consider when assessing the 
maturity model. This thesis has decided to conclude the dimensions into 

three headings consisting of process, technology and people.  A second 

contribution is a framework for a maturity assessment towards Industry 4.0, 
where five levels are defined for each dimension. A concluded picture 

visualises the case companies’ mean maturity level within each dimension 

of process, technology and people. 

 

Conclusions and 

Recommendations 
Provided by the maturity assessment, an initiative towards Industry 4.0 exist 

within the case companies, although major challenges of defining the 

concept of Industry 4.0 and a lack of competence is highlighted. Future 
recommendations are to perform a similar study with more depth into the 

investigations within each case company to validate the maturity 

assessment towards Industry 4.0 within each case company. 

 

 

Keywords: Industry 4.0, Maturity Assessment Model, Production System, Manufacturing Industry 



 

II 

 

ACKNOWLEDGEMENTS 

 
Our engineering studies at Mälardalen University have enabled industrial projects which have 

provided us with great knowledge of production system development. We have come to be 

aware of the new production demands and when the opportunity appeared, to combine studies 

at different companies with Industry 4.0, it caught our interest. Through this thesis, we have 

created a unique profile to our education consisting of knowledge in production system 

development and Industry 4.0. To develop production systems to become more flexible and 

competitive to manage fluctuating demands and utilises the human for is intellectual skills 

correlates with our ambition forward. 

 

The authors would like to express our upmost appreciation towards the interest that we have 

received during our thesis. We have encountered the possibility of performing a somewhat 

untraditional thesis through basing the thesis on multiple case studies, of which our gratitude 

lies in MITC and more precisely Vincent Adoue, who discovered the demand for such study 

and it has provided us with knowledge and insight of the transition towards Industry 4.0. 

Additionally, we emphasise our gratefulness to all company representatives for receiving us 

and showing a great commitment to our thesis through highlighting individual challenges and 

your ambition to manage them, thereby contributing to a unique scenario. Further, incredible 

support and guidance have been given from several researchers from Mälardalen University, 

specifically by providing more case companies to contribute to the thesis’ expansion providing 

us the possibility to explore the manufacturing industry of Sweden. 

 

Finally, the process of our thesis has been successful through the guidance and elaborated 

discussions to enhance the frame of the thesis which was enabled by Erik Flores-Garcia and 

Staffan Andersson, where we would like to express our deepest gratitude. We have appreciated 

your thoroughness and ability to simplify complex topics as well as your accessibility and 

willingness for meeting with us. Your advice and approach have affected us in positive way for 

future work. 

 

 
 

Max Benvenuto Ekeberg 

  

Josefine Bäcklin 

 

 

Eskilstuna, May of 2019 

  

 

 

 

 



 

III 

 

Contents 

 
1. INTRODUCTION ....................................................................................................................................1 

1.1. BACKGROUND ....................................................................................................................................1 
1.2. PROBLEM FORMULATION ....................................................................................................................3 
1.3. PURPOSE AND RESEARCH QUESTIONS ..................................................................................................4 
1.4. RESEARCH SCOPE AND LIMITATIONS ...................................................................................................4 

2. RESEARCH METHOD ...........................................................................................................................5 

2.1. RESEARCH APPROACH AND CASE SELECTION .......................................................................................5 
2.2. DATA COLLECTION .............................................................................................................................5 
2.2.1. LITERATURE REVIEW ..........................................................................................................................5 
2.2.2. INTERVIEWS .......................................................................................................................................6 
2.2.3. WORKSHOP ........................................................................................................................................8 
2.2.4. OBSERVATION ....................................................................................................................................8 
2.3. DATA ANALYSIS .................................................................................................................................8 
2.4. QUALITY OF RESEARCH .................................................................................................................... 11 

3. FRAME OF REFERENCE .................................................................................................................... 12 

3.1. DIMENSIONS OF INDUSTRY 4.0 .......................................................................................................... 14 
3.2. ASSESSMENT LEVELS OF INDUSTRY 4.0 MATURITY ............................................................................ 17 

4. EMPIRICAL FINDINGS ....................................................................................................................... 22 

4.1. INTRODUCTION OF CASE COMPANIES ................................................................................................ 22 
4.2. CURRENT STATE OF INDUSTRY 4.0 MATURITY.................................................................................... 22 
4.2.1. PROCESS .......................................................................................................................................... 23 
4.2.2. TECHNOLOGY .................................................................................................................................. 26 
4.2.3. PEOPLE ............................................................................................................................................ 28 

5. ANALYSIS AND DISCUSSION ............................................................................................................ 30 

5.1. IMPORTANT DIMENSIONS TO CONSIDER WHEN ASSESSING MATURITY .................................................. 30 
5.2. ASSESSING MATURITY WITHIN INDUSTRY 4.0 .................................................................................... 33 
5.3. MATURITY ASSESSMENT FRAMEWORK .............................................................................................. 39 
5.4. ASSESSMENT OF CASE COMPANIES .................................................................................................... 41 

6. CONCLUSIONS AND RECOMMENDATIONS .................................................................................. 44 

7. REFERENCES ....................................................................................................................................... 47 

8. APPENDICES ........................................................................................................................................ 51 

APPENDIX 1 – INTERVIEW GUIDE (SWEDISH)....................................................................................... 51 

APPENDIX 2 – INTERVIEW GUIDE (ENGLISH) ....................................................................................... 53 

APPENDIX 3 – WORKSHOP GUIDE ........................................................................................................... 55 

APPENDIX 4 – INDIVIDUAL MATURITY ASSESSMENT ........................................................................ 56 

 

 



 

IV 

 

List of figures 

 

Figure 1 Illustration of research process with focus on analysis .............................................. 10 

Figure 2 Visualising the mean maturity level .......................................................................... 41 
Figure 3 Maturity circles......................................................................................................... 45 

 
List of tables 

 

Table 1 Keyword combination .................................................................................................. 6 
Table 2 Overview of used methods at each case company......................................................... 6 

Table 3 Describing the interviewee’s position, represented company alias and visit duration .... 7 
Table 4 Quotation visualising important aspects involving process, technology and people .... 13 

Table 5 Summarised picture of the description of the dimension of process ............................ 15 
Table 6 Summarised picture what is included in the dimension of people ............................... 17 

Table 7 Overview of levels ..................................................................................................... 21 
Table 8 Description of case companies ................................................................................... 22 

Table 9 Overview of the focus areas from each case company ................................................ 22 
Table 10 The current state in production at each case company............................................... 26 

Table 11 Mentioned technologies within Industry 4.0 and started projects .............................. 28 
Table 12 Summarised picture of important dimensions ........................................................... 33 

Table 13 Maturity assessment framework ............................................................................... 40 

 



 

V 

 

 
ABBREVIATIONS 

 

IoT  Internet of Things 

 

CPS  Cyber physical system 

 

ERP  Enterprise Resource Planning 

 

MES  Manufacturing Execution System 

 

FoR  Frame of Reference 

 

VR  Virtual Reality 

 

AR  Augmented Reality 

 

ML  Machine Learning 

 

AI  Artificial Intelligence   



INTRODUCTION 

1 

 

1. INTRODUCTION 

This chapter provides an overview of the background and associated issues that are present in 

today’s manufacturing industry. How this will be addressed in this thesis is described through 

the purpose and two research questions as well as the research scope. 

1.1. Background 

Manufacturing companies meets substantial challenges in the competitive environment that 

exist. The customer is increasing the demand of the products striving for customisation and 

individualised products (Zhong, et al 2017; Lee, et al., 2017; Wang, et al., 2016). A traditional 

production line is built to manage vast numbers of a single product, generating difficulties to 

satisfy the demand of customization (Wang, et al., 2016). Further, Bellgran & Säfsten (2005) 

emphasise long-term thinking of production development to become a world class 

manufacturer, because the environment surrounding companies pushes the actions of short-

term thinking and quick solutions. Although, a solution to the mass customisation is requiring 

new technologies for the companies (Lu, 2017; Hofmann & Rüsch, 2017). This also contribute 

with pressure on the companies to constantly evolving and adapting to new technology which 

in turn increases the competitive environment between companies (Hansen, et al., 2018). 

Nevertheless, the rapidly advancement in the technological development contribute with the 

ability to improve production areas (Zhong, et al., 2017; Hofmann & Rüsch, 2017). A solution 

is to consider Industry 4.0 related technologies, which enables flexibility within production and 

a necessity to manufacture customised products (Zhong, et al., 2017; Schlechtendahl, et al., 

2014). Although, a trade-off must be considered if the company should act by the innovative 

role in terms of taking the first leap, within new technologies, but acting at a high-level risk to 

achieve competitive advantages. The other perspective is considering having patience 

and act when the trend is mature but in the risk of falling behind the competitors (Liao, et al., 

2017).   

A growing body of literature stress important requirements for manufacturing companies 

striving for Industry 4.0, where the main focus is to have a standardised production foundation 

within the company before starting the transition towards Industry 4.0 (Gökalp, et al., 2017; 

Jaeger & Halse, 2017; Leyh, et al., 2016). These requirements can be described in a maturity 

assessment towards Industry 4.0, to provide a status within current maturity state (Schumacher, 

et al., 2016) and offer guidance in specific areas within the company (De Carlois, et al., 2017). 

A maturity assessment can simplify uncertainties in manufacturing companies in the initiating 

state of Industry 4.0, through providing important areas within technology and organisational 

aspects (De Carlois, et al., 2017; Gökalp, et al., 2017; Schuh, et al., 2017; Schumacher, et al., 

2016; Sjödin, et al., 2018).  

Industry 4.0 is described as the forth industrial era, founded in German industries with the 

purpose of strengthening competitiveness and enable flexibility within production to meet the 

new customer demands (Yin, et al., 2018). Its precursor was Industry 3.0, where focus was 

achieving automation within production (Lu, 2017), which has played an important role right 

from the inception of lean manufacturing, Industry 4.0 can be considered as advancement in 

this field (Sanders, et al., 2016). The main focus within Industry 4.0 involves cyber physical 

production system (CPS) based on a continuous data stream and transparency (Lu, 2017). 

Further, a vast amount of technologies referring to Industry 4.0 exist. According to Yin, et al. 

(2018), additive manufacturing and collaborative robots are referred as two technologies within 

Industry 4.0 as well. Therefore, the authors of the present thesis have decided to describe 

Industry 4.0, based on Kang, et al. (2016), Lu (2017), Zhong, et al. (2017) and Zhou, et al. 
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(2015). This is because these researchers describe the same technologies to be key within 

Industry 4.0 and should therefore create the backbone of a description for Industry 4.0.   

Industry 4.0 is a new way of working that allows the human to take a step back and have a 

monitoring role in production through more reliable machines that are connected to increase 

the availability of data. The technologies contribute with a higher degree of transparency and 

flexibility (Kang, et al., 2016; Lu, 2017; Zhong, et al., 2017; Zhou, et al., 2015). 

Advantages with an Industry 4.0 inspired factory can enable features for data availability for 

remote users via cloud technologies (Kang, et al., 2016) and connectivity between humans and 

machines made possible from Internet of Things (IoT), enabling instant data for faster decision-

making (Zhong, et al., 2017). Further, more efficient communication will be achieved through 

the vertical and horizontal integration (Bokrantz, et al., 2017; Niesen, et al., 2016), where the 

result of vertical and horizontal integration ultimately will be managed autonomously (Zhong, 

et al., 2017; Lee, et al., 2017). It is also stated that the new technologies enhance the production 

system development (Pîrvu & Zamfirescu, 2017). Additionally, Lu (2017) mentions that the 

new technologies fulfil the efficiency of time and cost as well as improving product quality and 

argued by Liao, et al. (2017) companies must keep up with these rapid changes towards 

Industry 4.0 to retain competitiveness.  

Challenges within Industry 4.0 are initially the struggling process of implementing the enabling 

technologies (Liao, et al., 2017) and this creates confusion at companies of which they do not 

know how to act accordingly (Schumacher, et al., 2016). Wang et al (2016) argue on the 

importance of developing standards and policies for the new technologies to achieve a 

successful implementation. Additionally, a security issue will appear when data become 

available and stored in a cloud (Wang, et al., 2016; Lu, 2017). Despite the high advanced 

technologies, the human role will still be a key character because of its cognitive skills 

(Pîrvu & Zamfirescu, 2017). This will give the effect of changes within the daily 

work activities and more in line with decision-making (Wang, et al., 2016), monitoring and 

coordinating the operations (Rauch, 2019). The author continues to state that the challenge lies 

within accessing the right competence and suggesting with the proper training of the current 

staff the competence could be established internally. As of today, industries do not possess 

enough competence within Industry 4.0 (Schumacher, et al., 2016). To start the transformation, 

a genuine understanding of which maturity level a company positions in, is of great important 

for a successful transition towards Industry 4.0 (De Carlois, et al., 2017). Although, research 

has not yet provided many cases with companies making development towards Industry 4.0, 

making it an uncharted subject (Rauch, 2019). An explanation could be that the majority of the 

Industry 4.0 research fields has only reached the prototyping phase and not yet developed 

industrial applications at companies (Liao, et al., 2017). 

 

Previous contributions of maturity assessment models towards Industry 4.0 in theory include 

De Carlois, et al. (2017), Gökalp, et al. (2017), Harland, et al. (2018), Jaeger & Halse (2017), 

Leyh, et al. (2016), Schuh, et al. (2017) and Sjödin, et al. (2018), to display some particular 

studies. Overall, the contributions reflect similarities seen to dimensions, which refers to focus 

areas where a maturity assessment will be performed through a certain number of levels. 

Although, the models’ purposes and applicability vary to some extent, where one is specifically 

created for IoT implementation (Jaeger & Halse, 2017) and another is presented to assess the 

maturity of a company’s IT systems (Leyh, et al., 2016). Further, one model has the purpose of 

guiding companies to transform into an agile and flexible operation (Schuh, et al., 2017), 

meanwhile, other are referring the model’s purpose to be a guide to attain digitalization or 
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Industry 4.0 (De Carlois, et al., 2017; Gökalp, et al., 2017). A model provided by Sjödin, et al. 

(2018) intends to identify challenges and provide the steps that are needed to implement the 

concept of a Smart Factory. Finally, Harland, et al. (2018) conducted a study on Mexican 

companies with a maturity model used to examine the companies’ status of Industry 4.0 status 

quo advancement. Yet, for all the research that has been investigated about this topic much 

remains to be known. 

1.2. Problem formulation 

Companies experience challenges in determining what to focus on when developing a vision 

towards Industry 4.0, thereby failing to identify specific initiative projects for practical causes 

(Schumacher, et al., 2016). On the other hand, theory on maturity assessment of Industry 4.0 

have not managed to provide enough support in enhancing that. However, the maturity 

assessment models have a wider focus than solely technologies, which is in the right direction. 

Schumacher, et al. (2016) explains that a great deal of focus is set on technologies in relation to 

industry 4.0 and continues to argue for multiple areas of interest for companies, when reflecting 

over Industry 4.0. Authors that have contributed to a selection of maturity assessment models 

for Industry 4.0 have used what is called dimensions (De Carlois, et al., 2017; Schumacher, et 

al., 2016; Sjödin, et al., 2018). The dimensions are focus areas during the maturity assessment 

process and the selection varies between the authors. Although, there does not seem to be an 

agreement of which dimensions to use when creating a maturity assessment model, according 

to the great variety that is found in the different models. This tends to happen due to the 

missing standards of creating maturity assessment models, forcing the authors to decide which 

dimensions to use to suit the respective model. This action can create a confusion at the 

manufacturing companies, where it can be difficult to graze through all options that are 

available.   

 

Further, the general literature on Industry 4.0 tend to focus on providing a literature review on 

the subject, specific technologies or opportunities and challenges with Industry 4.0. (Gorecky, 

et al., 2014; Zhou, et al., 2015; Vogel-Heuser & Hess, 2016; Lu, 2017). Yet, few stresses the 

importance of performing a maturity assessment, how it can be performed or why it is 

important. According to De Carlois, et al. (2017), one of the main challenges for manufacturing 

companies is to create a roadmap for further transformation towards Industry 4.0, which a 

maturity assessment contributes to. Further argued by Schumacher, et al. (2016), is the need of 

tools for companies to overcome uncertainties that have arrived with Industry 4.0. The tools are 

referred to be maturity assessment models that are meant to guide the companies to achieve the 

creation of strategies and roadmaps for a successful Industry 4.0 transformation (Schumacher, 

et al., 2016). Additionally, Rauch (2019) and Sjödin, et al. (2018) mentions that this area of 

research still finds itself in an early stage, meaning that companies find it difficult to extract 

guidance for determining what activities to perform from literature. This could eventually 

generate an insecurity at the manufacturing companies and raise a concern whether a maturity 

assessment would be beneficial to perform. It is therefore important to solve this problem for 

manufacturing companies, to enable an important transition towards future production systems, 

for competitive reasons being derived from Industry 4.0 (Takata & Hirano, 2011). Therefore, 

De Carlois, et al. (2017) emphasise for a company to have a genuine understanding of which 

maturity level it possesses, in order to perform a successful production system development 

towards Industry 4.0.  
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To summarise the problem, a vast amount of focus is targeting technologies of Industry 4.0, 

resulting in the vital process of transitioning towards it, being left aside. 

1.3. Purpose and Research questions 

The purpose of this thesis is to develop a framework and assess the maturity of Industry 4.0 in 

production system development at manufacturing companies. To achieve the purpose, the 

following two research questions are defined: 

 

RQ 1: What dimensions should be considered when assessing the maturity of Industry 4.0? 

 

RQ 2: How could the maturity assessment of Industry 4.0 be performed?  

1.4. Research scope and limitations 

This thesis will focus on the Swedish manufacturing industry where the dominant participation 

is from the automotive industry with three exceptions, in the aspect of studying production 

systems and its maturity level towards Industry 4.0. When assessing the maturity level, the 

thesis focuses on the dimensions People, Process and Technology based on five levels, which 

creates a framework for a maturity model. Due to the timeframe, this thesis has a limited 

number of interviewees from the case companies, thereby the depth of the thesis is decreased.  
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2. RESEARCH METHOD 

In this chapter an in-depth description of used methods is presented and the arguments of how 

and why it has been used. It introduces with a research approach and case selection to the 

empirical study followed by the data collection for the frame of reference (FoR) and empirical 

findings. Finally, the analysis of collected data is described and the validity and reliability is 

emphasised. 

2.1. Research approach and Case selection 

This thesis used a multiple-case study design and method (Yin, 2014) to meet the required 

purpose. By performing a multiple-case study, it allowed the collected data to be used in an 

assessing process which was the partial purpose of the thesis. Further,  to strengthned the case 

study approach the research questions should be formulated with a “how” question and being 

related to a contemporary challenge of Industry 4.0 (Miles, et al., 2014; Yin, 2014). In addition, 

this choice of method is appropriate when researchers lack control over behavioural events.  

The case selection focused on three criterias. First, the manufacturing company had to be 

determined to perform a transitions towards Industry 4.0. This was indicated through the 

performance of projects and preparation of roadmaps related to Industry 4.0. Second, the case 

company needed to have employees responsible for Industry 4.0 or related production 

development. Finally, the case company had to be part of a global organisation, thereby not be 

defined as a SME. The last criterira was set to maintain a similarity in the empirical data 

collection, where a comparison of a large and small company would be inapropriate due the 

inequality of resources.  

2.2. Data collection 

Data was collected between 2019-01 and 2019-05 and consisted of the following methods: 

literature review, interviews, workshop and observations.  

2.2.1. Literature review 

The purpose to perform a literature review was to create a theoretical foundation for the thesis, 

and to enhance the authors’ knowledge of the current state within the thesis topic (Saunders, et 

al., 2016). Scopus was used as the main database in search of literature with Science Direct and 

Web of Science as complementary databases. A set of keyword combinations was used to 

generate a rigid selection of articles relating to the thesis topic. The chosen keywords were: 

Industry 4.0, Production system, Competitive, Maturity model, enabling technologies and 

review. Table 1 illustrates the combinations and number of generated articles. To narrow the 

search result and ensure the validity of the articles, limitations for published year, subject field 

and document type were applied within the database. The limitations were set to restrict articles 

published from 2008-2019, subject area of engineering and be document type of either article 

or conference paper. The final search result for each keyword combination was exported to 

Excel which enabled the application of applying filters to enhance the sorting experience. This 

also provided the opportunity to sort the articles by highest citation, thereby increasing the 

reliability. 
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Table 1 Keyword combination 

 

Further, abstracts were read, and colour coded according to its relevance and area of use in the 

frame of reference (Miles, et al., 2014). The requirements were any of the following: a general 

description of Industry 4.0 technologies and the concept behind it; challenges and possibilities 

with Industry 4.0 and its technologies; practical applications; features for competitive 

production systems; assessment models of maturity. After coding the articles, the ones that 

provided interesting information to contribute to the frame of reference were copied to a new 

Excel sheet to gather all useful articles to one place. The final result was 102 articles with the 

potential to be used.  

2.2.2. Interviews 

In table 2, an overview is presented of which methods that were used at each case company 

regarding interviews, workshops and observations. Two cases companies provided a lecture 

instead of an interview, one to describe a technology roadmap towards Industry 4.0 and the 

second on human aspects regarding enabling technologies of Industry 4.0. 

 
Table 2 Overview of used methods at each case company 

* = Lecture 
 

Semi structured interviews were used, due to the interviewer’s possibility to adapt the interview 

questions depending on what answer that would be provided yet keep the interview to the 

related themes (Bryman, 2008). An interview guide (Appendix 1) was created in Swedish 

(English version, Appendix 2) from ten iteration processes, with a list of themes containing sub 

question to guide the interview without being strict to follow in a certain order. The themes that 

the interview revolved around were future perspective of Industry 4.0, people, process and 

technology in relation to Industry 4.0 aspects. This ultimately provided a holistic understanding 

of where companies in the manufacturing sector currently positioned regarding the maturity 

level of Industry 4.0.  

 

KEYWORD COMBINATION SEARCH RESULT 

Industry 4.0 & Production System  220 

Industry 4.0 & Competitive 97 

Industry 4.0 & Maturity Level 76 
Industry 4.0 & Enabling Technologies 53 

Production System & Competitive 131 

Production System & Enabling Technologies 21 

Competitive & Enabling Technologies 18 

Industry 4.0 & Production System & Enabling Technologies 10 

COMPANY PSEUDONYM INTERVIEW WORKSHOP OBSERVATION 

EINSTEIN  X  X 

EDISON  X  X 
NOBEL  X  X 

CURIE   X X 

WATT     X *   

MORSE     X *  X 

TESLA  X  X 

NEWTON  X  X 

DA VINCI  X  X 
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The interviews were conducted by the two authors where one of them acted as the interviewer 

and the other one took notes but could ask questions for a complementary purpose (Eisenhardt, 

1989). According to Eisenhardt (1989) the use of two interviewers enhances different 

perspectives, give richness to the data as well as confidence in the findings, which corresponds 

with the authors approach.  An important aspect that the authors were aiming for was to create 

a discussion rather than a questioning to attain a rich collection of information. This led to a 

relaxed conversation where the interviewee felt free to answer the questions and was given 

time to think, and the interviewer had the possibility to ask follow-up questions (Bryman, 

2008). Additionally, the interviews were recorded and transcribed to improve the quality of the 

gathered information. The total time spent on the performed interviews were 530 minutes.  

 

Different requirements contributed to the choice of interviewee, first it was important to 

interview a person with a holistic understanding of the company’s vision and roadmap towards 

Industry 4.0. Second, a person that could provide a thorough overview of the current state of 

the production system and give relevant examples of projects that was initiated or in a pilot 

phase for implementing Industry 4.0 related technology solutions. Although, the range of 

employees working with these criteria are a minority, therefore a variety of employee positions 

were interviewed that have a diverse understanding of Industry 4.0. This could be considered a 

risk due to the contrasting knowledge depending on the position, resulting in a difficult 

comparing. In some cases, these two criteria were provided by one person, but in one case 

these were represented by three employees. A goal was to achieve an in-depth knowledge of 

the companies’ maturity levels and therefore occasional revisits were required to complement 

empirical data collection. All interview data were treated anonymously where the data was 

referred to the employee’s position to preserve integrity. Table 3 present a list of which 

employee positions that was interviewed, which company they represent through a pseudonym 

and visit duration time. 

 
Table 3 Describing the interviewee’s position, represented company alias and visit duration 

 
POSITION COMPANY  DURATION [MIN] 

Head of Technology Specialists Einstein 240 

Chief Coordinator Industry 4.0 Edison 180 

Factory Manager   
Manager of Operation Development Curie 120 

Project Manager   

Project Manager of User Experience Watt  120 
Project Manager of Virtual Reality Morse  120 

Project Manager Smart Manufacturing Tesla 180 

Manager Manufacturing Technology 

Development 

Da Vinci 120 

Director Manufacturing Engineering Da Vinci 120 

Senior Manager Manufacturing Research Newton 180 

Senior R&D Engineer Nobel 240 
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2.2.3. Workshop 

A workshop was performed once, due to the participation of more than one interviewee. At this 

occasion, three representatives, more specifically the factory manager, manager of operations 

development and a project manager, participated. Essentially, the workshop consisted of 

individual notes and a mutual discussion for each question (Appendix 3). The purpose was to 

generate a clear picture of the case company’s possibilities and needs for future demands. The 

strength of this method is that this approach provides an opportunity to collect data from 

several sources at the same time and the structure of providing pen and paper for individual 

recording ensures each participant the opportunity to provide their opinion (Michanek & 

Breiler, 2012). 

2.2.4. Observation 

Direct observation (Yin, 2014) was performed to make the data collection more rigid, meaning 

that the participating companies provided a guided tour of the production. The authors were 

able to study and ask questions about the current production processes of which the purpose 

was to increase and improve the interview data. This was useful since it increased the 

knowledge for the authors if the interviewee could show and describe the current state than 

explaining it during the interview. This increased the understanding for each selected case in its 

natural behaviour and environment (Yin, 2014).  

 

Watt and Morse, see table 2, were studied through direct observation where each of the 

companies provided a lecture, one of which focused on their technology roadmap to the year 

2035 and how the company prepare for different possible scenarios to manage. A further focus 

was on their smart factory where they study and test new technology for further 

implementation in production among other areas. Later, several demonstrations from their 

smart factory where provided, consisting the latest technologies of which were in the pre-study 

phase of finding possibilities how to adapt that technology for the daily work. Watt provided 

the authors a lecture on how they work with new technologies with the perspective of how the 

human is affected and their perspectives on Industry 4.0. During lectures and demonstration, 

were the authors able to take notes, photograph and ask questions to enrich the understanding 

of the topic.  

2.3. Data analysis 

The first step of the analysis process was to structure the eight interviewees’ diverse answers 

and include the information from the two lectures. The structure was made according to the 

theme of each interview question, which represented future perspectives of Industry 4.0, 

process, technology and people. The information from the interview has been carefully selected 

based on key characteristics based on the sub-areas of each theme to enable similarities as well 

as differences between the different interview results, which is emphasised by Miles, et al. 

(2014). These steps were repeated for every interview and the result was presented in an Excel 

sheet to provide an overview of the range of the interview result.  Next step performed was a 

cross-case analysis (Yin 2014) to evaluate patterns between each specific answer. Argued by 

Miles, et al., (2014), the purpose of cross-case analysis is to attain generalisability and 

understanding of the subject. This involved interpretation of the multiple answers formulated 

differently, but possibly with the same intent. Therefore, the authors were working together to 

develop a mutual understanding of the different patterns. In figure 1, a visualisation of the 

analysis process is presented and a more detailed view of the number of sub-areas within each 

theme and the number of interviewees is visualised.  
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In parallel to the collection of empirical data, the authors were collecting literature for the 

frame of reference, which also was an iterative process which was depending on the outcome 

of the empirical data. The foundation of the analysis consisted of a synthesis between the frame 

of reference and empirical findings. The research questions provided the structure and guidance 

through the analysis, where the empirical data was compared with the frame of reference. An 

Excel sheet provided an overview of important aspects from the frame of reference, correlating 

with the empirical data to support the authors in the progress. Further, the Excel sheet was 

structured for each research question which consisted of different areas, the first research 

question’s subjects consisted of process, technology and people dimensions and for the second 

research question, the subjects consisted of level 1 to 5. This was supported by De Bruin, et al. 

(2005), who stress the importance of defining what to assess and how for developing a maturity 

assessment framwork. To fulfil the purpose of the thesis, the authors could develop a maturity 

framework based on the research questions to assess a maturity level of the case companies. It 

was seven case companies included in the assessment. Regarding two case companies, 

contributed with demonstrations of Industry 4.0 from an R&D perspective would not provide a 

maturity state of the production system. Therefore, these were not a part of the maturity 

assessment. The assessment of each case company is visualised in individual diagrams (see 

appendix 4) and will at last provide a summarised visualisation of all case companies 

positioning according to the developed maturity framework, which will be presented in the 

analysis section. 
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Figure 1 Illustration of research process with focus on analysis
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2.4. Quality of research 

It is of great importance to increase the validity and reliability within the thesis to ensure the 

quality of the case study (Bryman, 2008). Validity consists of three sub areas, which are 

construct, internal and external. Construct validity is to prove that a specific set of questions are 

measuring the intended area of investigation (Saunders, et al., 2016). To achieve construct 

validity, three tactics are used (Yin, 2014). Firstly, the use of multiple sources when gathering 

data was achieved by performing interviews and direct observations at each company and 

performing a literature review. The second tactic is described to provide a distinct chain of the 

data collection. To prove this, the authors clearly indicated each source of data origin by 

referencing and providing a flow through the report, making it easy to trace data and methods 

that were used to collect it. Thirdly, it is proposed for the researchers to utilize key informants 

with the purpose of reviewing drafts of the report. This was done consistently during the period 

of the thesis by the means of two supervisors.  

 

Internal validity is established when the study prove that the findings is an accurate 

representation of the reality of the studied cases and that the used questions is generating the 

measures that was intended form the beginning (Saunders, et al., 2016). In this thesis a great 

deal of emphasis has been placed on ensuring the interview questions ability to provide the 

wanted answers. The authors have had internal discussion in the context of how the questions 

were formulated and what the interpreted answer could be. A second method was the use of 

external discussions of the interview questions in purpose of how an external part would 

interpret the interview questions, which proved for internal validity. The feedback was used in 

the iteration of interview questions, which ended up with ten iterations with approximately six 

external reviewer’s opinions. External validity is based on the study’s generalisability towards 

using the research within other relevant areas (Saunders, et al., 2016; Yin, 2014). Through a 

thoroughly and iterative process of defining the research questions to not be restricted to a 

specific company, hence the assessment of Industry 4.0 maturity can be applicable in multiple 

industries. 

 

Reliability is described by Bryman (2008) as the principal of whether the results from a study 

would provide equal evidence in a later performed study, or if it is affected by random events. 

Reliability is divided into two aspects, external and internal, of which external means the 

ability to replicate and is being done by entering a study in similar environment as the one 

already performed (Bryman, 2008). The authors of the present thesis achieved external 

reliability by investigating different approaches of data collection and models made for 

assessing maturity of Industry 4.0. In this way, this thesis was initiated from the same basis as 

previous similar case studies, meaning that the frame of reference and empirical data was 

collected according to how other authors in the same research area have performed it. 

Meanwhile, according to (Bryman, 2008), internal reliability is to reach a mutual understanding 

of the collected data. Internal reliability was attained between the authors through discussions 

to create a united understanding throughout the thesis.  
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3. FRAME OF REFERENCE 

An introduction of this chapter will involve production system development and its challenges, 

which will guide the reader into prior studies of Industry 4.0. The main areas within this 

chapter will consist of which dimensions and levels to consider for the development a 

framework for assessing maturity towards Industry 4.0. 

 

A successful key factor within manufacturing industry is to have a competitive production 

system (Bellgran & Säfsten, 2005).  Although, it has been acknowledge being a current 

challenge through the lack of prioritising the production system development to continuously 

work with its improvements and optimisation. A competitive advantage is the use of novel 

technologies within production development (Ahlskog, 2017). Further, it will require a 

comprehensive change to the production system and therefore it may need an assessment of 

maturity to enable the implementation of novel technologies. However, the driving force for 

production system development is the customer and the currently new demand of 

individualised products are increasing the pressure on the manufacturer (Yin, et al., 2018). A 

solution is to enable flexibility in the production system (Schlechtendahl, et al., 2014) and with 

Industry 4.0 and its enabling technologies the manufacturing industry could find support in 

succeeding a flexible production system (Yin, et al., 2018). The optimal state of Industry 4.0 is 

a predictive production system, where the key characteristics consist of intelligence and self-

aware processes (Lee, et al., 2017; Lee, et al., 2015). 

 

Industry 4.0 is often related to new technologies and the current focus in literature is notably 

not an exception (Hermann, et al., 2016; Lu, 2017; Zhong, et al., 2017; Wermann, et al., 2019; 

Stock & Seliger, 2016; Qi & Tao, 2018; Pereira & Romero, 2017). A literature comparison 

shows the different areas of interest related to Industry 4.0, divided into process, technology 

and people, see table 4. The three areas arose as important areas in most articles, yet solely 

(Hermann, et al., 2016) presents all three as individual important areas.  

 

Although the greatest focus is technology within Industry 4.0, which indicates the importance 

of the human role in future production environments (Hermann, et al., 2016; Rauch, 2019; 

Wermann, et al., 2019). Additionally, the process of developing and managing the Industry 4.0 

inspired productions are targeted in relation to how it will become in the future (Hermann, et 

al., 2016; Ibarraa, et al., 2018; Stock & Seliger, 2016; Qi & Tao, 2018; Pereira & Romero, 

2017). Thus, for a company to accomplish an advancement towards Industry 4.0, a maturity 

assessment can be performed where the main purpose is to obtain a perspective on the current 

state of a company (Schumacher, et al., 2016). Performing a maturity assessment on a certain 

subject area will enable the possibility to identify areas of unseen opportunities (Moica, et al., 

2018). When new opportunities are detected, it is possible to create a roadmap for future 

guidance towards a transformation (De Carlois, et al., 2017). 
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Table 4 Quotation visualising important aspects involving process, technology and people 

 

AUTHOR QUOTATION 

Hermann, et al. (2016) People: The services of companies, CPS, and humans are 

available over the IoS and can be utilized by other participants. 
(p. 12). Internet of Service = (IoS) 

Process: Standards will be a key success factor for 

communication between CPS of various manufacturers. (p.11)  
Technology:” […] CPS are able to monitor physical processes.” 

(p. 12) 

Lu (2017) People & Process: “The development of industry is an integrated 

process of complexity and agility between human and machine.” 
(p. 8) 

Technology: “Industry 4.0 increases the digitization of 

manufacturing with CPS, in which connected networks of humans 
and robots interact and work together with information shared and 

analyzed, supported by big data and cloud computing along entire 

industrial value chains.” (p. 8) 

Zhong, et al. (2017) Technology & process: “Industry 4.0 combines embedded 
production system technologies with intelligent production 

processes to pave the way for a new technological age that will 

fundamentally transform industry value chains, production value 
chains, and business models.” (p. 616) 

Rauch (2019)  People: “In our paper, the Operator 4.0, comprehended as the 

‘operator of the future’, is the subject of interest; in other words, 

anthropocentric production is built around a smart and skilled 
operator, who is supported by machines or assistance systems 

where and when needed.” (p. 2) 

Ibarraa, et al. (2018) Process: “[…] three different approaches has been suggested to 

make firms getting closer to the industry 4.0 phenomenon such as 
service orientation, networked ecosystems and customer 

orientation.” (p. 10) 

Wermann, et al. (2019) People & Technology & process: “Though the concepts behind, 

the engineering methods and tools and technologies for Industry 
4.0 and ICPS get more defined, elaborated and mature, the 

challenges for learning, applying and working with them, i.e. 

living in an Industry 4.0 environment, are hard to grasp, for 
experts, industrialist and practitioners, but even more for 

students.” (p. 303) 

Stock & Seliger (2016) Process & Technology: “The paradigm of Industry 4.0 is 

essentially outlined by three dimensions [3, 7, 8]: (1) horizontal 
integration across the entire value creation network, (2) end-to-

end engineering across the entire product life cycle, as well as (3) 

vertical integration and networked manufacturing systems.” (p. 
537) 

Qi & Tao (2018) Technology: “Both big data and digital twin has attracted a wide 

spread attention and are considered as the key to smart 

manufacturing.” (p. 3589) 

Pereira & Romero (2017) Technology, process: “[…] focuses on Industry 4.0 and 

contributes to the clarification of this concept that is characterized 

by connectivity and production digitization. Attention is paid to 

impacts on production systems, but also on management, 
economics and society at large.” (p. 1213) 
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3.1. Dimensions of Industry 4.0 

When assessing the maturity of a manufacturing company, multiple dimensions can be 

considered depending on the purpose of assessment. In terms of assessing the maturity of 

companies’ endeavour towards Industry 4.0, dimensions such as process, IT- infrastructure, 

information systems, technologies, organization, culture and people are mentioned based on the 

effect these have on a manufacturing company (De Carlois, et al., 2017; Gökalp, et al., 2017; 

Harland, et al., 2018; Jaeger & Halse, 2017; Leyh, et al., 2016; Schuh, et al., 2017; 

Schumacher, et al., 2016; Sjödin, et al., 2018). The dimensions are the foundation of assessing 

the maturity where each dimension consist of underlying items of interest to the overall 

assessment process (Schumacher, et al., 2016). Although, the number of chosen dimensions is 

determined due to the extent or detail of the assessment but creating guidance for a company’s 

transition towards Industry 4.0 is a common purpose between the different maturity models (De 

Carlois, et al., 2017; Gökalp, et al., 2017; Harland, et al., 2018; Jaeger & Halse, 2017; Leyh, et 

al., 2016; Schuh, et al., 2017; Schumacher, et al., 2016; Sjödin, et al., 2018).  

 

Process dimension 

The process dimension refers to the vertical and horizontal integration within a company 

(Leyh, et al., 2016). Including factors are the organisational structure (De Carlois, et al., 2017; 

Schuh, et al., 2017), the transformation process of enterprise systems (Gökalp, et al., 2017) and 

the process of operations (De Carlois, et al., 2017; Schuh, et al., 2017; Schumacher, et al., 

2016). Further, creating an agile management is of great focus within Industry 4.0 (Schuh, et 

al., 2017; Sjödin, et al., 2018). A final aspect to consider is the strategy, where Schumacher, et 

al. (2016) states the importance of developing and implementing a roadmap towards Industry 

4.0. Emphasised from previous research the process dimension is one of the basic enablers for 

Industry 4.0 (De Carlois, et al., 2017; Schuh, et al., 2017; Schumacher, et al., 2016; Sjödin, et 

al., 2018). 

 

The areas of vertical and horizontal integration enhance the communication and achieve higher 

transparency, in both factory and value (Zhou, et al., 2015). As Niesen, et al., (2016) states, 

vertical integration is the function for achieving a higher degree of communication and 

collaboration between different departments in the same factory. The certain departments 

consist of several levels in the hierarchy allowing for greater insight in overall operations. 

Meanwhile, Pérez-Lara, et al., (2018) refers to vertical integration as activities within a 

company involving the structure of the organisation, technologies, employees, and the 

relationship among departments. Finally, Gehrke, et al., (2015) defines vertical integration as a 

process of combining planning and development, with regards to production. Regarding 

horizontal integration, Niesen, et al. (2016) referred to the adjacent collaboration between 

several factories that benefit from the same value chain. Where Pérez-Lara, et al. (2018) agree 

and describes it through external relations outside the company, reaching from material 

suppliers to end customers and managerial information systems integration. Although, Gehrke, 

et al. (2015) relate communication and collaboration between departments and other companies 

to the horizontal integration. 

 

Another perspective within the process dimension involves Lean production, which is a 

globally used concept within manufacturing industries (Kolberg & Zühlke, 2015). A current 

challenge is to successfully implement the Lean philosophy through the whole organisation, 

where several attempts have only generated partial success (Sanders, et al., 2016). The key 

characteristics of Lean are continuous improvement, reduce waste and focus on value adding 

processes (Liker, 2004). However, Lean is suffering due to fluctuating changes in customer 
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demand and requirement for individualised products (Kolberg & Zühlke, 2015). According to 

Sanders, et al., (2016) and Kolberg & Zühlke (2015), Industry 4.0 provides the Lean 

production with tools to overcome its current challenges. As Sanders, et al. (2016) argue, 

Industry 4.0 enhances the Lean foundation, which trigger further research in how Industry 4.0 

can be integrated with Lean production (Kolberg & Zühlke, 2015; Mrugalska & Wyrwicka, 

2017; Sanders, et al., 2016). Table 5 visualise a summarised table of what is included in the 

dimension of process in aspects of description and arguments for process according to prior 

studies. 

 
Table 5 Summarised picture of the description of the dimension of process 

 

PRIOR STUDIES DESCRIPTION OF PROCESS ARGUMENT FOR PROCESS 

Schumacher, et al. 
(2016)  

Implementation of roadmap towards 
Industry 4.0, Process of operations, 

Technology standards 

Enabler for Industry 4.0 

Gökalp, et al. (2017) Transformation process of enterprise 

system 

 

Sjödin, et al. (2018)  Agile processes Important aspect to enable a 

transition towards Industry 4.0 

Schuh, et al. (2017)  Process of operations, Agile processes, 
Organisational structure 

Enabler for Industry 4.0 

Leyh, et al. (2016)  Vertical and horizontal integration   

De carlois, et al. 

(2017)  

Process of operations, Organisational 

structure 

Enabler for Industry 4.0 

Zhou, et al. (2015), 

Niesen, et al. (2016), 

Pérez-lara, et al. 
(2018),  

Gehrke, et al. (2015)  

Vertical and horizontal integration Increase the communication 

and achieve higher 

transparency 

Kolberg & zühlke 
(2015)  

Lean production Successfully implement the 
Lean philosophy through the 

complete organisation.  

Industry 4.0 has the ability to 

be based on a Lean foundation. 

 

Technology dimension 

The dimension of technology refers to key enabling technologies of Industry 4.0. Technologies 

in the context of Industry 4.0, are what supports future manufacturing and organisational 

processes (De Carlois, et al., 2017). According to Schumacher, et al., (2016), technology is the 

dominant dimension and depicts the greatest focus in both literature and industry. The 

technology of Industry 4.0 is providing modularity and mobility accordingly for the need of 

flexibility in production and enables remote decision making (De Carlois, et al., 2017; Sjödin, 

et al., 2018). Moreover, Leyh, et al. (2016) states that the dimension of technology is important, 

to assess to what extent technology will function interdisciplinary across all areas of Industry 

4.0. Thus, for the technologies to be implemented cross functionally, the company must attain a 

digital capability (Schuh, et al., 2017). Additionally, previously conducted studies stress the 

importance of attracting new technologies to stay competitive on the global market (De Carlois, 

et al., 2017; Leyh, et al., 2016; Sjödin, et al., 2018). Advancing technologies will contribute to 

innovative solutions in manufacturing (Sjödin, et al. 2018), stage from complexity to 

opportunities and generate profitability (De Carlois, et al., 2017). Ultimately, a successful 

company will be derived from digitalized technology (De Carlois, et al., 2017). Moreover, 

technologies related to Industry 4.0 contribute with connectivity, machine learning, availability, 
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enhancement of sharing data and advanced sensors for data gathering, thus increasing the 

flexibility of operations. The mentioned technologies are the most prominent and are unitedly 

creating the backbone of Industry 4.0 (Kang, et al., 2016; Lu, 2017; Zhong, et al., 2017; Zhou, 

et al., 2015). These are by name known as CPS, IoT, Big Data Analytics and Cloud technology.  

 

CPS is when physical machines or other objects are connected to a network via internet-based 

software to enable communication, data sharing and data processing, conclusively enabling a 

merge of the physical and the virtual world (Kang, et al., 2016; Lu, 2017; Zhong, et al., 2017; 

Zhou, et al., 2015). According to Zhou, et al. (2015), the machines of the manufacturing 

processes will become increasingly intelligent as the result of connectivity to increase the 

communication. Further, Lu (2017) emphasise agile production processes being a requirement 

to manage the fluctuating demands in the production, which CPS contributes to. Moreover, an 

IoT system enables connectivity between machine and software or human (Kang, et al., 2016; 

Lu, 2017; Zhong, et al., 2017; Zhou, et al., 2015). Via this connection, driven by smart sensors, 

various data can be obtained and analysed, resulting in better founded decision making (Kang, 

et al., 2016), that saturates the need of being flexible (Lu, 2017). Supported by IoT, mobile 

devices can be used for controlling and monitoring production processes, thereby giving the 

opportunity of remote labour (Zhou, et al., 2015). Big Data Analytics is a technology that can 

aggregate great amount of data that is now becoming a trend among manufacturing industries 

as more sensors are being used (Zhong, et al., 2017; Zhou, et al., 2015). Ultimately, Big Data 

Analytics could be used for predictive purposes in production analytical operations (Kang, et 

al., 2016; Lu, 2017). The final technology mentioned as a key technology is Cloud technology 

software, supported by internet and provides an accessible platform for receiving and sharing 

data across remote users (Kang, et al., 2016; Lu, 2017; Zhong, et al., 2017; Zhou, et al., 2015). 

 

People dimension 

The dimension of people refers to the individual within an organisation (Schumacher, et al., 

2016; Sjödin, et al., 2018). Several factors in consideration to an individual is recruitment and 

training (Sjödin, et al., 2018) that builds up a competence (Harland, et al., 2018; Schuh, et al., 

2017; Schumacher, et al., 2016; Sjödin, et al., 2018). An organisation consists of multiple 

individuals which creates a culture and an aspect to consider is the willingness to change 

(Schuh, et al., 2017; Schumacher, et al., 2016). Prior studies emphasise the importance of the 

people dimension, because of the predominant focus on technology in literature (Schumacher, 

et al., 2016). Additionally, people are considered a capability for Industry 4.0 because the goal 

is to create an agile and learning organisation, which can respond rapidly on external events 

(Schuh, et al., 2017). Since people are a great part of Industry 4.0, Sjödin, et al. (2018) 

validates through the investigation of Industry 4.0 at manufacturing companies where the lack 

of a mutual understanding of Industry 4.0 existed, which then affected the creation of a 

common organisational vision. 

 

The people dimension includes the aspects of an increased human-centred production system 

within Industry 4.0 (Rauch, 2019; Kaasinen, 2019). A more attractive work environment will 

be developed where the human will be supported by automation and act more on the operator’s 

own initiative with focus on problem solving and decision-making (Kaasinen, 2019). As Rauch 

(2019) is stating, the human’s ability to think, sense, as well as the obtained working 

experience are unique characteristics which will be utilised rather than the human’s physical 

strength. Rauch, (2019) also agree with Kaasinen (2019) that more focus will be on decision-

making, but also highlights other work procedures involving monitoring and coordination. This 

will contribute with new requirements within the workforce, where several authors agree of a 

crucial factor to define the future competence that is needed (Gökalp, et al., 2017; Kaasinen, 
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2019; Schumacher, et al., 2016; Sjödin, et al., 2018; Zhou, et al., 2015). An important aspect 

will be the management and employees’ willingness to go through the transition towards 

Industry 4.0 (Schuh, et al., 2017; Schumacher, et al., 2016). It starts with the leadership’s 

acceptance that will derive the individual employee’s collaborative ability. Additionally, 

without the human new technology and methods cannot be successfully implemented (Harland, 

et al., 2018). Schuh, et al., (2017) states that this new industrial era is similar to the Lean 

transition and highlights that the Lean culture was necessary to successfully implement Lean 

philosophy, meaning the culture change is a central step towards a vast transition. The new 

culture within Industry 4.0 is emphasised to encourage exchanging knowledge and innovation 

ideas (Schumacher, et al., 2016). Another step is the importance of educating the current 

workforce with new digital knowledge and in parallel recruit new employees with knowledge 

of the new digital technologies (Kaasinen, 2019; Sjödin, et al., 2018; Zhou, et al., 2015). 

Further, there is a need for an update of the current training methods, with these new 

technologies new training methods are needed to enhance the employee’s skills and become 

more efficient. Requirements of new qualification such as creativity, innovativeness and being 

improvisational will be preferred skills for an operator (Kaasinen, et al., 2019; Schumacher, et 

al., 2016). Table 6 visualise a summarised view of what is included in people in the relation to 

description and arguments for people according to prior studies. 

 
Table 6 Summarised picture what is included in the dimension of people 

 
PRIOR STUDIES DESCRIPTION OF PEOPLE ARGUMENTS FOR PEOPLE 

Schumacher, et al. 

(2016)  

Competence and openness to new 

technology, knowledge sharing, 

innovation ideas, Willingness of leaders 

Important aspect, due to a 

dominant technology focus 

Gökalp, et al. (2017)  Competence  

Sjödin, et al. (2018)  Competence and education People is a great part of 

Industry 4.0 

Schuh, et al. (2017)  Competence, Willingness to change  Capability for Industry 4.0 
Harland, et al. (2018)  Competence, Acceptance of employees  

Kaasinen (2019) Competence, characteristics, education  

and training 

Utilise the human for value 

adding work procedures 
Rauch (2019)  Competence, characteristics, education 

and training 

Utilise the human ability to 

think, sense as well as the 

achieved experience 

3.2. Assessment levels of Industry 4.0 maturity 

When creating a maturity model, it is often divided into a number of levels indicating a certain 

maturity. According to De Bruin, et al. (2005), each level is exponential reaching from level 

one being the lowest, to the required final level being the highest. Schumacher, et al. (2016) 

uses the five-point Likert scale with level one representing “not distinct” and level five “very 

distinct”, which is argued by De Bruin, et al. (2005), to be the most popular evaluating method. 

Although, De Bruin, et al. (2005) continue to state that the acquired number of levels varies 

from model to model, yet, stress the importance of distinguishing the levels logically and with 

a well-defined final level.  

 

The levels are directly related to the dimensions, where each dimension will be described for 

the corresponding level. In approaching the different researchers’ maturity levels, it is to 

visualise the steps of the progress towards Industry 4.0 and provide an assessment tool for 

companies to use (De Carlois, et al., 2017; Gökalp, et al., 2017; Jaeger & Halse, 2017; Schuh, 

et al., 2017; Sjödin, et al., 2018). The levels visualise the current maturity state and provides 
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the view of readiness at the company towards starting the progress or make advancement 

towards Industry 4.0 (De Carlois, et al., 2017). The transformation towards Industry 4.0 will 

take years and therefore great emphasise should be focused on creating a roadmap for guidance 

and reflecting on the benefits that each company will obtain (Schuh, et al., 2017; Sjödin, et al., 

2018).  

 

In recent studies a mix of levels have been presented within different maturity models where 

the purpose has been to define the current state and visualising a roadmap of necessary 

capabilities for Industry 4.0 (De Carlois, et al., 2017; Gökalp, et al., 2017; Jaeger & Halse, 

2017; Leyh, et al., 2016; Harland, et al., 2018; Schuh, et al., 2017; Sjödin, et al., 2018). The 

following chapter will describe a summarised picture of level 0 to level 6 based on the studied 

maturity models. 

 

Level 0 

Importance lies in a solid foundation and standardized procedure and to ensure this, Gökalp, et 

al. (2017) have defined a level zero in their maturity model. In this level focuses are within the 

current state of the production and manage the daily challenges according to a short-term 

mindset, for example solving problems by putting out fires instead of finding the root cause. 

Jaeger & Halse (2017) and Leyh, et al. (2016) agree with Gökalp, et al. (2017) regarding the 

content, although, has defined that particular content as level 1. To highlight the similarity, 

focus is on the current state. Further, Jaeger & Halse (2017) explain this level as maturity of 

Industry 3.0, the requirements are a certain level of automation and usage of a track and trace 

system should be applied as well as an implemented Enterprise Resource Planning (ERP) 

system. Leyh, et al. (2016) continue by stating that a basic digitalized environment is necessary 

where data could be reached digitally but in the most basic form, for instance the data does not 

need to be easily accessible. 

 

Level 1 

Most authors’ first stage of the respective models is level 1, yet different descriptions of which 

maturity level a company should have reached, does exist. According to De Carlois, et al. 

(2017), level 1 consist of the early stage process for a company towards Industry 4.0, yet 

scarcely controlled. Meanwhile, Gökalp, et al. (2017) and Sjödin, et al. (2018) means that for 

level 1, a transition into Industry 4.0 should have started with acquired infrastructure 

supporting new technologies. Mapping of existing and new technologies needs to be made. A 

shared vision of the future with an associated roadmap should exist and be partially 

implemented where the employees preferably are involved to emphasise an inclusive culture. 

Further, Sjödin, et al. (2018) explains the importance of combining the traditional stage-gate 

process with the forthcoming agile process to adapt for the fast pace development, as well as 

recruiting digitalization competence. Schuh, et al. (2017) points out that computerization 

should be implemented, yet not connected, with tasks carried out manually. This is described as 

the basis of digitalization. According to Harland, et al. (2018), focus should be on individual 

processes, as a first step towards digitalization. Although, in this stage activities are not 

connected, and data is managed manually. 

 

Level 2 

A consensus of implemented industry 4.0 objects or assets can be seen in literature as 

requirement of the second level in a maturity model (De Carlois, et al., 2017; Gökalp, et al., 

2017; Harland, et al., 2018; Jaeger & Halse, 2017; Leyh, et al., 2016; Schuh, et al., 2017; 

Sjödin, et al., 2018). An initiative towards connectivity reflects this level. However, there are 

authors claiming that connectivity should be in a more advanced level, where Gökalp, et al. 
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(2017) and Jaeger & Halse (2017) defines it as level 3 in the maturity model meanwhile De 

Carlois, et al. (2017) defines connectivity as a level 4 maturity. Nevertheless, all the authors 

state the importance of an infrastructure that supports vertical communication where Jaeger & 

Halse (2017) interpreted it as an ERP system where all the machine and robots are connected.  

Schuh, et al. (2017) and Sjödin, et al. (2018) also state that availability of a data will be 

increased between internal departments through the connectivity. A third effect of connectivity 

is that the information and data flow will begin by being automatized (Leyh, et al., 2016; 

Schuh, et al., 2017; Sjödin, et al., 2018). A different aspect in level 2 are the requirements for 

the human, Sjödin, et al. (2018) states the importance of educating the employees to manage 

and utilize the connectivity between systems as well as specify roles within production who is 

more responsible for the digital systems and can share the necessary knowledge for handling it. 

 

Level 3 

For a company to reach level 3, the general accomplishment is to generate real-time data, either 

for controlling or planning processes (Gökalp, et al., 2017; Schuh, et al., 2017), optimizing 

production (Leyh, et al., 2016; Sjödin, et al., 2018), analysing automatically (Gökalp, et al., 

2017; Sjödin, et al., 2018) or for decision-making (Harland, et al., 2018). Moreover, the 

horizontal integration is expected to be implemented into the value chain (Gökalp, et al., 2017; 

Jaeger & Halse, 2017; Leyh, et al., 2016). Continuing, Leyh, et al. (2016) indicates the need for 

an automated flow of data and information being exchanged via cloud technology to enable the 

opportunity of remote processes. Further noticed, simulation should be used for testing, 

prototyping and optimizing within a digital factory (Sjödin, et al., 2018). According to Harland, 

et al. (2018) and Schuh, et al. (2017), the increasing implementation of sensors should collect 

enough data to generate a digital factory for visualizing the condition of all processes of the 

plant. This has the potential to increase the reliability of decision-making and planning due to 

real-time monitoring.  

 

Level 4 

The fourth level focuses on transparency, the digitalising process has spread through 

departments and through the supply chain to contribute with shared and real time updated 

information (Harland, et al., 2018; Leyh, et al., 2016; Schuh, et al., 2017). The key behind this 

opportunity are the extension of the automated process of shared information (Leyh, et al., 

2016). Harland, et al. (2018) and Schuh, et al. (2017) also state the importance of increasing the 

use of technologies within data management and analytics for example Big Data. Further, the 

vast amount of data that is provided through a digital environment need to be managed 

beneficially. The key point is to collect data that brings value to increase the equipment’s 

functionality and performance and provide support for decision-making. Thirdly, the goal is to 

eliminate problems through finding the root cause. As Harland, et al. (2018) emphasise, this 

step is crucial to prepare for a predictive production. De Carlois, et al. (2017) and Gökalp, et al. 

(2017) agree with previous requirements but has it defined as the fifth and last level within the 

maturity model. Lastly, Jaeger & Halse (2017) defined eight maturity levels within the model, 

where in level 4 and 5 in Jaeger & Halse (2017) maturity model, the key requirements are 

divided through the start of self-aware machines and planning a strategy of what data that 

should be collected and how it should be analysed. Further, in level 7, Big Data and data 

analytics is mentioned as the main focus. In terms of people, high competence in analytics is 

required due to vast collection of data (Sjödin, et al., 2018). 
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Level 5 

Since Sjödin, et al., (2018) only have four levels total and Jaeger & Halse (2017) have eight, 

both respective last levels’ descriptions are more relatable with the other authors’ level five and 

is therefore presented here. Thenceforth in level 5, Harland, et al. (2018), Jaeger & Halse 

(2017), Schuh, et al. (2017) and Sjödin, et al. (2018) argues for predictability at the company, 

accomplished by the digital factory and real-time data management. Sjödin, et al. (2018) 

continues by stating the importance of recruiting the specific competence of predictive 

production systems and emphasise creating a culture that encourage and support innovation 

ideas. Simulation tools could be used to simulate different future scenarios inside the digital 

factory and generate the most likely scenario to occur (Harland, et al., 2018; Schuh, et al., 

2017). Further explained by Jaeger & Halse (2017), IoT technology is seamlessly integrated 

with related automation and is functioning at high-performance level. 

 

Level 6 

Level 6 is found in Harland, et al. (2018) and Schuh, et al. (2017) and is described as the stage 

of adaptability, meaning that certain activities are decision-based on IT systems that are 

allowed for a business environment that changes over time. For this type of decision to be 

performed, data needs to be transferred automatically and made without human interference 

(Harland, et al., 2018; Schuh, et al., 2017). The result would be the best decision in the shortest 

amount of time (Schuh, et al., 2017). Although, Harland, et al. (2018) argues for a limited use 

of such processes due to the incalculable risk of automation and does not see a future of 

completely automated plants. Agreed by Leyh, et al. (2016), an overall optimization of the 

digitalization implementations is the foremost activity and includes the complete supply chain. 

This is described as Leyh, et al. (2016) last level, which is level 5, although the content 

correlates with Harland, et al. (2018) and Schuh, et al. (2017) level 6.  

 

Table 7 present a summarised picture of the previous described levels with the use of the 

authors’ original headings for each level. To emphasise the original sequence of each author’s 

levels, it is visualised through an elevated number representing the level.   
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Table 7 Overview of levels 

 

 

PRIOR 

STUDIES 

LEVEL 0 LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 

De Carlois, et 

al. (2017) 
 Initial1 Managed2 

Defined3 

Integrated & 
Interoperable4 

 Digital  

orientend5 

  

Gökalp, et al. 

(2017)  
Incomplete0 Performed1 Managed2 

Established3 

Predictable4 Optimising5   

Jaeger & Halse 
(2017) 

3.0 Maturity1  Initial to 4.0 
Maturity2 

Connected3 

Enhanced4 Innovating5 
Integrated6 

Extensive7 

4.0 Maturity8  

Leyh, et al. 

(2016) 
Basic 
digitisation 

level1 

 Cross-
departmental 

digitisation2 

Horizontal and 
vertical 

digitasation3 

Full  
digitisation4 

 Optimised full 
digitasation5 

Sjödin, et al. 

(2018) 
 Connected 

technologies1 

Structured data 
gathering & 

sharing2 

Real-time process 
analytics & 

optimisation3 

Analytical 
competence3 

Smart & 
predictable 

manufacturing4 

 

Schuh, et al. 

(2017) 
 Computerisation1 Connectivity2 Visibility3 Transparency4 Predictive 

capacity5 

Adaptability6 

Harland, et al. 

(2018) 
 Computerisation1 Connectivity2 Visibility3 Transparency4 Predictive 

capacity5 

Adaptability6 
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4. EMPIRICAL FINDINGS 

This chapter will give an overview of the empirical findings involving areas of Industry 4.0, 

process, technology and people. Firstly, an introduction of the case companies will be 

presented. 

4.1. Introduction of Case Companies 

Nine case companies have been participating in this thesis, where all are part of a global 

organisation and located in Sweden. The majority of the case companies belong to the 

automotive industry, except Curie and Tesla according to table 8. Additionally, Watt belongs to 

the energy and industrial application industry and Morse is also a part of the automotive 

industry manufacturing trucks and busses. These two case companies will contribute with 

demonstrations of Industry 4.0 from an R&D perspective. 

 
Table 8 Description of case companies 

 
FACTORY PSEUDONYM PRIMARY PRODUCT GLOBAL ORGANISATION 

EINSTEIN Transmission X 
EDISON Powertrain X 
NOBEL Truck and bus X 
WATT  Research & development X 
MORSE Research & development X 
CURIE Separator X 
DA VINCI Transmission and axles X 
NEWTON Engine X 
TESLA Heat transfer X 

 

4.2. Current state of Industry 4.0 maturity 

Table 9 presents an overview the focus areas, process, technology and people, within each case 

company based on the introduction questions within the interviews, involving the vision, 

possibilities and challenges of Industry 4.0.  

 
Table 9 Overview of the focus areas from each case company 

 
FACTORY 

PSEUDONYM 

PROCESS TECHNOLOGY PEOPLE 

EINSTEIN X X X 
NOBEL X X  
EDISON X X X 
CURIE X X  
TESLA X X X 
DA VINCI X X X 
NEWTON X X  

 

The case companies’ vision and important areas they are considering mainly consist of 2 areas: 

flexibility and connectivity (Einstein; Nobel; Edison; Curie; Tesla; Da Vinci). Moreover, 

increased transparency or visibility (Tesla; Edison; Da Vinci) and optimisation of current 

operations (Tesla; Curie) are also mentioned as areas that the companies aim to improve. An 

advancement towards Industry 4.0 is mutual understood to be crucial for the future and that it 
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will provide technologies to contribute to the company’s survival. Therefore, a clear interest 

was depicted from the case companies to attain a predictive production system due to the 

possibilities of becoming more efficient and precise in its operations, resulting in saving 

resources. As a Manager at Edison states: 

 

“If we want to keep the work opportunities in Sweden, we need to develop our business and 

increase our effectiveness” – Chief coordinator Industry 4.0, Edison 

 

This is due to the requested demand for customisation, to which all case companies are 

struggling to work with old and new products simultaneously. A consequence stated by Nobel 

consists of preserving and managing the company’s heritage involving the old machines and 

other production related equipment. Continuing, regarding the human in relation to Industry 

4.0, a major factor is concerning the missing competence to manage the future technologies. 

Additionally, Da Vinci and Newton strive to provide an attractive work environment in terms 

of ergonomics, a safe workplace and smart tools for the operator, to maintain current 

employees and attract new for the future. A clear description of a suggested scenario in the 

future was provided by the Manager at Tesla: 

 

“In the process of performing DMAIC in the future, we will see the human interactions in the 

beginning and in the end. In the middle you will have the digital capability which will speed up 

the process and hopefully achieve a more accurate result” – Program Manager Smart 

Manufacturing, Tesla 

 

Differences could be seen within the progress of understanding Industry 4.0, where Curie and 

Da Vinci are in the phase of defining the concept, meanwhile, Einstein, Edison, Nobel and 

Tesla have a clear vision of important areas to begin with. Nevertheless, a specific roadmap 

will be developed by each production site in the organisation. Another direction as Newton has 

made is to optimise the current processes due to the management’s agenda of optimising Lean 

production and have not initiated towards Industry 4.0. Although, it does not exclude the 

internal awareness and driving force of Industry 4.0. Therefore, the common goal among the 

case companies is to define Industry 4.0, to attain the greatest outcome possible.  

 

” Understand what industry 4.0 is, what Industry 4.0 is to the company and which benefits that 

can be generated from it” – Director Manufacturing Engineering, Da Vinci 

4.2.1. Process 

Concerning the areas involving the process, the interviewed case companies has been asked 

about a roadmap towards Industry 4.0 and possible guidance that could be beneficial towards it. 

Other questions involve the current state in production, with the purpose to evaluate 

standardised production processes, communication methods, data management and breakdown 

analysis.  

 

Curie and Newton has not yet compiled a concrete roadmap towards Industry 4.0. Although, 

Curie’s vision is being developed in the organisation, but has yet not reached the factory. 

However, Curie have identified an important area to begin with involving the IT infrastructure 

to enable aggregation of production data into one location and achieves availability through 

departments. In relation to Newton, it is the top managements’ decision of focusing on Lean 

that hinder the company to strive for Industry 4.0, although, an initiative towards Industry 4.0 

exist within the research department. Emphasised by Watt is that a lack of awareness or 
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initiative does not prove that the company is lagging behind. Instead, the progress or vision 

could be mentioned through other aspects where the purpose could be the same. Einstein and 

Nobel have initiated and published a global vision within the organisation with specific areas 

within Industry 4.0, of which each site decides what area is the most relevant for its operations. 

A mathematical formula for making it easier to choose technology has been designed by Da 

Vinci, calculating what gives most value, how difficult it will be to implement new enabling 

technologies towards Industry 4.0 and how complex it is to develop. Further, one specific task 

is to create new employee roles, to acquire absent competences that has not been required in 

the past. At Tesla, the production system development department has been assigned to work 

with Industry 4.0 related operations, named Smart Manufacturing. An internal maturity 

assessment has been conducted to initiate and map future projects. An example from Morse, is 

a model visualising the steps towards Industry 4.0, named Smart pyramid, where its function is 

to keep up with trends and stay flexible in the areas of interest. The steps are Standardising 

processes, Connect technology, Data gathering, Data analysis and Predictive future. 

 

According to Einstein, being part of a global organisation is an advantage in terms of having a 

vast network for communicating knowledge and experience. Sharing globally is further argued 

by Da Vinci to be important, to not reinvent the wheel within the organisation. Moreover, 

Nobel and Tesla emphasise enabling projects and divisions to work with future aspects within 

global organisations. Nobel and Da Vinci have teams working interdisciplinary where 

combined competences are supporting projects that are reflecting digitalisation. Thus, a global 

organisation enables internal projects supplied by internal employees. However, all the case 

companies work externally with support from universities, institutions or companies to attract 

missing competence or to accomplish projects of same interest. As for Newton, the cooperation 

with University has enabled the company’s impact of the choice of research projects to 

maximise the usability to the company.  Different approaches are mentioned to proceed in 

organisational change, thereof is agile project management an approach to gain more 

flexibility, rapidity and to create new areas of responsibility. Another approach is to include 

several employee functions during daily team meetings as it is stated important with 

participation during great transformations to avoid uncertainties. Further described by Tesla, is 

a phase of trial and error projects for testing technology and was described as a process to gain 

understanding of what Industry 4.0 can be for that company and enhance the communication to 

related topics. Morse, Watt, Nobel and Newton have access to test labs, internally or externally, 

where the possibilities are to test technology in controlled environments and later perform pilot 

test in the production. 

 

A shared understanding of running a company through standardised processes in production is 

clearly seen in all case companies. A unique version of Toyotas Production System is 

acknowledged as the principal method approach, reworked to suit the respective company. The 

production system is described by Einstein as a simplification in communication between sites 

and creates standardised processes for the company to work accordingly. The standards are 

explained to enhance performance work, safety, quality and continuous improvements. 

According to Curie, continuous improvements are the company’s main activity due to a 

complex product. Achieved by using a united production system, enables benchmarking 

between companies in the same organisation and can thereby withdraw internal knowledge and 

improvement areas. 

 

“Industry 4.0 will not change the fact that you will work according to standards, but the new 

technologies will improve and increase efficiency. It is important to have a stable process 

before a company goes through a change.” – Senior R&D Engineer, Nobel 
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Communication by paper occur in all case factories as part of the daily processes. Although the 

quantity of paper use varies between different case companies depending on the standardised 

procedure of communicating by paper for each company. The majority of the case companies 

of which are including paper as a process of communication, are considering it being a quality 

risk, due to paper getting lost during processes. Although, Edison have made improvements by 

digitalising a few processes using Excel and Power Point to minimise paper use. Such action 

was made in relation to measuring protocols and daily stand-up meetings in production. 

Einstein, Edison and Newton have adopted scanning technology and thereby eliminated paper 

management in the assembly. Further implementation at Nobel is a complete integration of 

communication between product designer and operator. The implementation has made it 

possible for the designer to update the operator whenever a change is made via digital work 

instructions and have thereby created a closed loop integration. 

 

Data management is considered an important process according to all case companies for 

gathering and analysing, to reach improvement opportunities. Although, a vast difference is 

depicted, where Curie performs several iteration processes to find valuable information due to 

the absence of competence in employees that performs daily data analysing. The other case 

companies collect data through connected machines, yet not fully integrated. It is referred to it 

being still inefficient to use according to the companies, as the machines uses different systems 

and therefore requires certain authority to access. Thus, such processes increase the amount of 

time for gathering data. Although, great amount of data is being saved but with the lacking 

knowledge of how to treat it beneficially. The difficulty is stated as the complexity of the 

multiple systems that are connected to the machines, making it difficult to comprehend the 

holistic opportunity of the data collection. Continuing, Tesla is the only one mentioning a focus 

towards vertical integration in order to create a continuous flow of information. Edison collect 

all production data to a single data base only, increasing the ability and simplicity to select and 

use it for analysing and a similar system exist at Einstein’s assembly. However, the present 

data is not being taken care of in most cases and has a limited area of process use, such as 

measuring Original Equipment Efficiency (OEE). Although, Newton uses the production data 

for simulation, which is a part of the daily work through optimising and improving the 

production lines. As for future work, enabled by Industry 4.0, Newton visualises of a complete 

simulation model representing the factory to continuing test and optimise the production. Tesla 

also see this need of using simulation in the future to test and optimise the production in the 

virtual world before implementing it in the reality. 

 

“An important step is to know what data is required and to what purposes, before investing in 

new technologies to acquire it.” – Chief coordinator Industry 4.0, Edison 

 

Continuing, Edison, Einstein, Newton and Tesla are making use of real time data by displaying 

OEE, tact time and outputs per time unit, also showing individual machine performance 

indicators. Finally, a data lake was presented by Nobel and has been in use for one year. It is 

using robot process automation which enables automatic data extraction from existing systems 

and is an enabler for IoT platforms to connect equipment. Another aspect according to data 

management is the use of simulation models, where Newton has it as daily tool when changes 

or optimisations are required in production. Tesla states that simulation will be a beneficial tool 

within Industry 4.0 to test and optimise different solution or changes within production through 

a virtual world and as of now that competence is missing within the company. 
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Regarding breakdown analysis, it is mainly performed with pen and paper by an operator or 

machine technician and is later escalated depending on its importance. Lean boards are used to 

inform issues and for further analysing on how to solve it. All case companies practice Lean 

and is therefore used to deal with unplanned breakdowns with standardised methods like 

DMAIC. At Edison, a system is used to log disturbances from machines for further analysing 

with Excel diagrams. Although, few employees have authority over certain data sets, meaning 

that a person in need for a specific data set might have to contact the appropriate person with 

data authorisation. However, the future is brought to light by the case companies with regards 

to what Industry 4.0 has to offer in terms of solutions for data management, analytical purposes 

and continuing improvements. With sensors installed in machines and automating the process, 

will result in more accurate troubleshooting and decrease the time it takes to perform the task.  

 

“Within data management, there are great opportunities which is not utilized today, it can be 

bottleneck analysis or how we should prioritise maintenance on different machines and when 

in real time, but it has also stopped at the research stage and has not moved forward because 

of the need of connected systems and an increased understanding.” – Senior Manager 

Manufacturing Research, Newton 

4.2.2. Technology 

The technology aspects have been investigated through the current state within production, 

where an overview is presented in table 10. Factors that have been investigated are automation, 

manual work, data management and transportation solution. 

 
Table 10 The current state in production at each case company 

 
 

 

         

EINSTEIN      X                            X            X              X                  X                     X 
NOBEL      X                  X                                                                             
EDISON      X              X    X            X                                   X                     X 
CURIE      X                  X                             X                  X                     X 
TESLA      X                  X                             X                                           
DA VINCI      X                  X                             X                  X                      
NEWTON      X                  X            X                                   X                     X 

 

There are similarities in the production systems between the case companies especially within 

the automotive industry. It could be seen that the shop floor is highly influenced by automation 

and in one controlled environment, collaborative robot is being used for simple tasks, but not in 

a collaborative environment between human and robot. Although, Newton has taken it one step 

further to have all the advanced automation in one connected line and have built in security 

towards human errors through RFID tags and scanners. Within one production line 

approximately twenty operations exist which is monitored by seven operators. A second 

similarity could be seen in the assembly where it is difficult to automate the work tasks and 

therefore the manual work dominates. However, Einstein, Edison and Newton have work 
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instructions presented on a screen and have the tools connected to a system to provide support 

for the human to use it according to the instructions. Da Vinci, Tesla and Curie have a mix of 

automation and manual work tasks in processing area, meanwhile, all case companies perform 

manual work to some extent, in the assembly. A mutual factor is within transportation 

solutions, where the products are transported by manual forklifts, however, in selected areas 

Einstein, Nobel and Edison have implemented autonomous guided vehicles (AGV). At 

Newton, AGVs are the dominant transportation solution within the factory. Regarding 

connected machines, it differs between the case companies and as a manager at Edison states: 

 

“There are machines capable of being connected but the human competence is missing of how 

the information should be handled” – Chief coordinator Industry 4.0, Edison 

 

Improvement areas could be seen at several of the case companies where a selected area is 

optimised. Einstein has improved the heat treatment shop where one person is monitoring five 

completely automated processes and it contributes to a continuous data stream in real time. 

Further, the assembly line has a connected planning system to enable real time data. Newton 

has implemented a new Manufacturing Execution System in production to enable real time data 

in purpose for the simulation models. Da Vinci, Curie and Tesla have increased automation in 

selected areas. The use of digital tools is also established in specific areas where the human 

performs most of the work tasks and in these areas the traceability is complete. Concrete digital 

applications that the case companies are working with are the following: digital documents of 

operational descriptions, digital machine measuring the quality, visibility of the current status 

of the machine’s performance in real time, tools provided by sensors and automated torque 

tool, visual camera and the use of virtual environment for the purpose of preparation. 

 

In table 11 an overview is presented with mentioned technologies of Industry 4.0 from each 

case company. It also visualises which technology the case company has started to work with 

in projects and is coloured in orange. Da Vinci and Nobel are mentioning all presented 

technologies according to table 11, except two technologies. Nevertheless, Big Data and 

Advanced Analytics is the most mentioned technology, where IoT, Cloud, Machine Learning 

and Artificial Intelligence (AI) is the next to follow in the order of most mentioned. Based on 

the orange mark in table 11, there are some projects started within each technology at different 

case companies. An initiative from Nobel is the purchase of IoT platforms and data lakes for 

implementation and use in production in order to standardise it within the organisation. Further, 

Nobel has implemented robot process automation in a selected area in the production to enable 

automated data extraction from different systems. Morse and Watt have started with pilot 

projects within Big Data Analytics. Edison has started a project with technologies to enable 

machine learning and Nobel has a pilot project within AI. Research projects regarding 

collaborative robots are mentioned by Newton and Nobel to be an enabling technology to 

facilitate for the human within manual work procedures. Einstein is implementing a 

collaborative robot within one workstation to increase the effectiveness and facilitate for the 

human to avoid non-ergonomic work. 
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Table 11 Mentioned technologies within Industry 4.0 and started projects 

 
 CONNECT- 

IVITY 

BDA IOT CLOUD DIGITAL- 

TWIN 

AGV ML & 

AI 

VR & 

AR 

5G 

EINSTEIN X X        
NOBEL X X X X  X X  X 
EDISON    X  X X   
CURIE  X X  X     
TESLA  X  X   X   
DA VINCI X X X X  X X X  
MORSE  X   X   X X 
WATT  X X     X  
NEWTON X X     X   
(BDA = Big Data Analytics, ML = Machine Learning, VR = Virtual Reality, AR = Augmented Reality) 

 

4.2.3. People 

For the human aspect of Industry 4.0, the case companies have diverse ideas of the amount of 

people that should be involved in the daily operations in the shop floor. Nobel, Einstein and 

Newton agree that the amount of people will not decrease and highlights that the employees 

will be used in value adding activities. The increasingly advanced technologies will enable new 

work tasks and roles depending on the area of production. Meanwhile, Da Vinci and Watt 

disagree with the latter statement, where the idea is that the employees will decrease due to the 

high level of automation and smart tools that will be provided by Industry 4.0. The 

contradicting insights are represented in the following quotes: 

 

“The idea is not to decrease the workforce, but to use the workforce to a more value adding 

activity” – Head of Technology Specialists, Einstein 

 

Opposing to: 

 

“We will see a decrease in the amount of people in production due to the enabling technologies 

of Industry 4.0” – Director Manufacturing Engineering, Da Vinci 

 

A shared picture of the new human role in production will be to monitor the equipment. The 

new enabling technologies will provide the employee with smart and digital tools and provoke 

new work methods. The case companies are mentioning an increase in work tasks within data 

management, system development and analytics. Einstein, Nobel, Da Vinci and Newton have 

also stated that the ability to adapt to changes will be a crucial requirement for the employees 

as well as adapting to new work environment where cooperation with a robot could appear. 

 

As a first step towards Industry 4.0, is the need to identify which competences are needed and 

define new responsible roles for coordinating the progress towards Industry 4.0. All case 

companies find themselves in the progress of defining the needed competence, but it varies in 

how it is performed. Da Vinci is defining a vision and strategy to indicate what is important for 

the production, meanwhile, Einstein is working with restructuring the organisation to release 

current resources to enable responsibilities within Industry 4.0. Meanwhile, Edison, Nobel, 

Morse and Tesla already have at least one resource responsible for coordinating Industry 4.0 

aspects within the organisation. However, the competence of the current employees must also 

be developed, and all the case companies agree with the current lack of competence within 

Industry 4.0. It could be seen that a request is to have several knowledge areas, for example the 
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current knowledge combined with new knowledge of Industry 4.0. This also means that the 

current workforce needs to continue with education to understand the physical and digital 

environment. More practical knowledge involves learning to monitor and work with the new 

smart tools in the daily operations. Further, the IT infrastructure is obsolete, and the case 

companies are missing IT competence to support the progress towards a digital environment. 

Nevertheless, a support through the change of Industry 4.0 is the employee curiosity, where the 

case companies believe the human’s ability of entrepreneurial spirit and willingness to change 

will support the progress. 

 

“There is a great interest among production technicians and maintenance employees who 

participates in university courses within AI and machine learning to increase their own 

competence” – Senior R&D Engineer, Nobel 

 

All the case companies agree that internal training is a prerequisite to develop the employees. 

Tesla and Edison have developed a program to create a common basis of Industry 4.0 and 

others have an idea of creating a training centre for the employees where Nobel have it in 

progress for implementation. Another factor is involving the employees in the change and 

encourage the employee to run improvement projects where individual interest is the driving 

force. Further, Da Vinci highlights the importance of a committed management to support the 

employees and encourage for innovation. The majority of the case companies have a 

cooperation with universities, which enables further development within the workforce. New 

knowledge could also be provided through technology exhibitions. 

 

“[…] find these ambassadors in the organisation to avoid push from top management and 

instead show the possibilities that comes from the bottom, which will provide a shorter lead 

time of implementing a new technology in the shop floor.” – Director Manufacturing 

Engineering, Da Vinci 
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5. ANALYSIS AND DISCUSSION 

The analysis and discussion chapter will be structured based on the two research questions, 

where the first research question involves important dimension to consider and the second 

research question involves assessing maturity through analysing different levels. Finally, a 

framework for assessing maturity towards Industry 4.0 will be presented as well as a 

concluded picture of the maturity assessment for the case companies. 

5.1. Important dimensions to consider when assessing maturity 

Challenges of today within production system development, are the demands of individualised 

products (Yin, et al., 2018) and the solution will be found in flexibility (Schlechtendahl, et al., 

2014). Together with Industry 4.0 and its enabling technologies, support could be given in the 

achievement of flexible production system (Schlechtendahl, et al., 2014). However, literature 

focus dominantly on the enabling technologies within Industry 4.0 (Hermann, et al., 2016; Lu, 

2017; Pereira & Romero, 2017; Stock & Seliger, 2016; Qi & Tao, 2018; Wermann, et al., 2019; 

Zhong, et al., 2017). Yet, Hermann, et al. (2016) emphasise the importance of having focus 

within the following three areas: technology, process and people where Ibarraa, et al. (2018), 

Stock & Seliger (2016), Qi & Tao (2018) and Pereira & Romero (2017) support the process 

dimension and Rauch (2019) and Wermann, et al. (2019) support the people dimension. When 

assessing a maturity level towards Industry 4.0, those three aspects are considered among other 

authors (Schumacher, et al., 2016; De Carlois, et al., 2017; Gökalp, et al., 2017; Sjödin, et al., 

2018; Schuh, et al., 2017). The case companies correlate with the literature review through 

emphasising requirements within process and technology. A majority of the case companies 

also stress the importance of the human aspects and Schuh, et al. (2017) are also stating that the 

human is a capability within Industry 4.0 that must be considered.  

 

Process Dimension 

In the process dimension, attaining a feasible implementation process for adopting Industry 4.0, 

Schumacher, et al. (2016) state the importance of providing a strategy to visualise how it will 

benefit the company. The strategy itself would include roadmaps for specific areas of interest 

and to provide detailed processes. All case companies, except Curie and Newton, have 

roadmaps for Industry 4.0 implemented in the strategy work. A further step is performed by 

Tesla, who has created a program within the production system department with the intended 

purpose of focusing on how to apply new technologies and processes in the production. 

Although, for Curie, the lack of a roadmap is being developed in its organisation, indicating 

that preparatory work for Industry 4.0 is performed. Continuing, Schuh, et al. (2017) and 

Sjödin, et al. (2018) describe that agile management is necessary for future processes to 

procure higher flexibility and being able to adopt new environments and technologies. An agile 

organisation would contribute to faster decision-making and the ability to adapt projects to 

fulfil its purpose in the best way possible (Schuh, et al., 2017). Mentioned by Einstein is the 

need for implementing agile management in order to make organisational changes to create and 

apply new roles that are discovered as vital for the future.  

 

Further aspects include vertical and horizontal integration, followed by end-to-end 

communication, which are terms that are being brought up in multiple articles as the foundation 

of Industry 4.0 (De Carlois, et al., 2017; Gökalp, et al., 2017; Leyh, et al., 2016; Schuh, et al., 

2017; Schumacher, et al., 2016). Clarified, it means a complete transparency within the 

organisation where information could be accessed from anyone and anywhere both within a 

factory and supply chain (Gehrke, et al., 2015; Niesen, et al., 2016; Pérez-Lara, et al., 2018; 

Zhou, et al., 2015). Although, neither vertical nor horizontal integration are mentioned at any 
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case company, except at Tesla. This shows a significant gap between literature and industries, 

where literature tends to emphasise far more futuristic focus areas in comparison to the 

industry. One reason why Tesla is the exception could be the progress the company has 

performed through a maturity assessment and developing a department within production 

system development focusing at Industry 4.0.   

 

The well-known term Lean is usually mentioned in literature in relation to standardised 

processes, among multiple areas in production. The first step towards an Industry 4.0 

implementation is to operate a company’s production with standardised processes (Kolberg & 

Zühlke, 2015; Sanders, et al., 2016). The importance of having standardised processes is to 

manage new technologies and processes that enters the manufacturing industry with Industry 

4.0 (Kolberg & Zühlke, 2015). Morse has clearly indicated their understanding of having 

standardised processes as the foundation for further advancement towards Industry 4.0, with 

the first step in their smart pyramid being Standardisation of current processes. As Nobel 

emphasise, Industry 4.0 will not change the way of working according to standards, although, 

the new technologies will improve and gain more efficiency. 

 

Clearly stated by all case companies, is the perceptive implementation and use of a production 

system that is based on Lean production principles. Each case company have incorporated an 

individualised version of the original Toyota Production System, developed by Toyota 

(Kolberg & Zühlke, 2015). Apart from standardised processes, Liker (2004) points out one key 

characteristic derived from Lean, which is continuous improvements. According to Curie, 

continuous improvements are the most important factor in their production, due to the complex 

product.  

 

Industry 4.0 provides tools to overcome challenges that comes from working with Lean 

production principals (Kolberg & Zühlke, 2015; Sanders, et al., 2016), one of which is the 

fluctuating customer demand (Kolberg & Zühlke, 2015). Further, the standardised processes 

provided in Lean reduces the complexity and an increasing transparency have improved the 

possibility of implementing Industry 4.0 approaches into existing processes. As Tesla stress, 

the production system development according to Lean needs to be merge with Industry 4.0, due 

to the similarities where Industry 4.0 can improve Lean principals e.g. with visibility and 

proper resolutions. During interviews, the future has presented possible solutions to daily 

challenges of which data management, analytical processes, and continuous improvements are 

some of the foremost mentioned. However, a difficult challenge with Lean is the fluctuating 

customer demand generated by the demand for individualised products (Kolberg & Zühlke, 

2015). All case companies agree on this specific challenge and do see a possible solution with a 

flexible production attained from Industry 4.0. 

 

Technology Dimension 

The technology dimension is considered a necessity for manufacturing companies to stay 

competitive on the global market (De Carlois, et al., 2017; Leyh, et al., 2016; Sjödin, et al., 

2018). Both Einstein and Edison answered to the question of what opportunities the company 

sees with Industry 4.0, that it is a matter of when, and not if, an implementation of Industry 4.0 

will begin. Further described by Edison, was that the company have chosen an advancement 

towards new technologies to keep developing and achieve more efficiency and finally, to 

survive by retaining opportunities of work in Sweden. Additionally, technologies will prove to 

provide innovative manufacturing solutions (Sjödin, et al., 2018). An example in this direction 

is provided by Einstein, Edison and Newton, where automated assembly lines are implemented. 

This is realised by technologies which makes it possible to remotely monitor and control the 
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process state and performance, collaboratively with the operators on line. An action of this kind 

is relatable to De Carlois, et al. (2017), stating that advanced technologies will transform 

complex challenges into profitable solutions. Moreover, it can provide modularity and 

mobility, to meet the required flexible customer demand, that origins in the need for 

individualised products (De Carlois, et al., 2017; Sjödin, et al., 2018). A challenge for most of 

the case companies is to obtain the current capacity when producing the current products and in 

parallel introducing new products.  

 

Continuing, new technologies will support automation and stable processes with the 

opportunity of managing production processes with fewer operators, resulting in higher 

efficiency (De Carlois, et al., 2017). Einstein operates one of its heat treatment shops with 

complete automation integration, including five different operations, managed by one operator 

with the means of controlling the process. Schuh, et al. (2017) argue that, for technologies to be 

implemented cross functionally, a digital capability must be acquired. Such opportunity was 

achieved with the heat treatment process, due to a continuous flow of data, enabling the control 

room to attain it in real time and use it for a supervising and troubleshooting purpose. At Da 

Vinci, a project is initiated to obtain a joint platform for compiling multiple systems. This is 

aligned to Leyh, et al. (2016), stressing the importance to attain interdisciplinary processes. 

Thus, such platform would increase the availability of data across the company.  

 

Several case companies show great interest in the ability to predict production operations and 

maintenance with analytics, which is recognised by one of the key technologies Big Data 

Analytics (Kang, et al., 2016; Lu, 2017). The case companies indicate the possible benefit of 

predicting production processes through saving time and resources. Nobel further argues for 

the ability to manage the power of all data that is being collected. 

 

People Dimension 

The last dimension is people and includes the human role in production with aspects of new 

work task and an attractive work environment due to the increase of a human-centred 

production system within Industry 4.0 (Kaasinen, 2019; Rauch, 2019). A mutual understanding 

from the interviewed companies exist, where the agreement of new human roles in production 

will be provided by Industry 4.0 in correlation to the literature review. Rauch (2019) is also 

arguing that the human will be used for its experience and ability to think and sense, rather than 

its physical strength. This could include decision-making, monitoring and controlling the 

equipment through the access to digitalised tools (Kaasinen, 2019; Rauch, 2019). An important 

statement from Da Vinci and Newton are the human ability to adjust to new digital 

environments. Although, the new digital environment will provide the human with new tools to 

facilitate the daily work routines, which Da Vinci and Edison stress for contributing towards a 

successful implementation. Further, a beneficial factor emphasised by Einstein is to utilise the 

human resources to more value adding activities. 

 

Consequences with new human roles in production are to define new competences within the 

employees (Gökalp, et al., 2017; Kaasinen, 2019; Schumacher, et al., 2016; Sjödin, et al., 2018; 

Zhou, et al., 2015), which are agreed by the case companies as one of the greatest challenges. 

Further, new competences would be collected through internal education and recruitment 

(Kaasinen, 2019; Sjödin, et al., 2018; Zhou, et al., 2015). A similarity within the case 

companies are the strategy of internal and external education in order to collect this new 

competence, where Edison already has an education program of Industry 4.0 to create a 

foundation of the meaning of Industry 4.0 within the organization. 
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Another aspect within the dimension are the willingness to change within the management and 

the employees (Schuh, et al., 2017; Schumacher, et al., 2016), but an issue is to create a 

foundation within the organisation about Industry 4.0 due to the varying definitions (Sjödin, et 

al., 2018). The last statement could be verified by the case companies, where the definition of 

Industry 4.0 was dependant on the respondent’s position. A possible solution would be to 

create a unified definition of Industry 4.0 for the organisation. Further, Da Vinci is the only one 

stating the importance of the management’s commitment to support the progress of 

individualised projects within the employees. Additionally, Newton, Tesla and Da Vinci 

emphasise involving the operators through the changes of acquiring new technology to 

generate participation within development. Further, Harland, et al. (2018) argues that without 

the human’s participation within changes, new technologies or methods cannot be successfully 

implemented.  

 

A final aspect within the people dimension to consider is how the human characteristics will be 

used beneficially for the companies which are creativity, innovation spirit and ability to be 

improvisational (Kaasinen, 2019; Schumacher, et al., 2016). This is agreed by Da Vinci, where 

these human characteristics will be of great importance in the future for the company’s 

performance. Additionally, Newton, Tesla and Da Vinci stress the importance of continuous 

education of the employees as a requirement to increase the company’s internal competence, 

generating competitiveness.  

 

To conclude the analysis of the first research question, a description of the chosen dimensions 

is summarised in table 12 with the important keywords.  

 
Table 12 Summarised picture of important dimensions 

 
DIMENSION SUMMARISED DESCRIPTION  

Process  Lean, Vertical and Horizontal Integration 

Technology CPS, IoT, Big Data Analytics, Cloud 

People Competence, Acceptance, Characteristics 

 

5.2. Assessing maturity within Industry 4.0 

In the present thesis, the second research question consist of how the maturity assessment could 

be performed which will be analysed in the following section. The level for assessing the 

maturity will consist of 5 levels, according to De Bruin, et al. (2005), it is the most common 

number of levels. The authors also argue that 5 levels will represent the most important steps 

towards Industry 4.0, where the last level will represent an Industry 4.0 factory. The purpose is 

also to assess maturity of the multiple case studies, meaning that the assessment needs to be 

useful for all cases which have affected the authors to not develop a too complex model.  

 

Level 1 

In the first level of process, requirement of having standardisation within the current processes 

in production are crucial (Gökalp, et al., 2017; Jaeger & Halse, 2017; Leyh, et al., 2016) and 

having a maturity within Industry 3.0 where a certain level of automation is required (Jaeger & 

Halse, 2017). The importance of having standardisation within production is also agreed by 

Kolberg & Zühlke (2015) and Sanders, et al. (2016) where this will contribute as a first step 

towards Industry 4.0. This importance is also proved by the case companies according to the 

individual production systems that each company have. Nobel emphasise the mindset of 
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Industry 4.0 will not change the standards but instead improve those and increase the 

efficiency. Morse, who has defined its own Smart pyramid, describes the first step as 

standardised operations before achieving the next step towards Industry 4.0.  

 

Next requirement within process is for the companies to have an initiative towards Industry 4.0 

(De Carlois, et al., 2017), which could be confirmed that all the case companies fulfil. Next 

step involves mapping both the current technologies internal and the enabling ones within 

Industry 4.0 in order to develop a roadmap towards Industry 4.0 (Gökalp, et al., 2017; Sjödin, 

et al., 2018). It is of high relevance for the companies to be aware of the current state and what 

technologies that strategically could benefit the production and visualise it through a roadmap 

(Schumacher, et al., 2016). All case companies are in the progress or complete with developing 

a global roadmap, except Curie and Newton who has yet not started. A next step will be for 

each case company to develop an individual and more practical roadmap based on the global 

one. To support the change towards Industry 4.0, the whole organisation must be committed or 

at least have a positive attitude. Therefore, Edison has created a program for the employees to 

be educated of what Industry 4.0 is, with the purpose of creating a mutual understand and 

expectations. A further step is proved by Tesla that has developed a global program within the 

organisation as part of the production system development department, to aim for cooperation 

between different production sites to advance within Industry 4.0. A maturity assessment has 

also been performed towards Industry 4.0. 

 

Agile processes are also mentioned within level 1 for the dimension of process (Sjödin, et al., 

2018). It is a necessity to achieve higher flexibility within the processes (Schuh, et al., 2017). 

Further, Sjödin, et al. (2018) and Schuh, et al. (2017) are highlighting that an agile organisation 

contributes with faster decision-making and optimise the projects result to achieve the optimal 

benefit for the organisation. Einstein coincides with the importance of implementing an agile 

management to benefit the organisation in the future where the rapid changes will increase. A 

final statement within process dimension of level 1 is to focus on individual tasks (Harland, et 

al., 2018), where the case companies have mentioned important areas within data management, 

analytical process and continuous improvements with what they intend to focus on. 

 

The only requirement for the first level within the dimension of technology are computerisation 

within production, but it do not necessarily need to be implemented (Schuh, et al., 2017). This 

requirement is fulfilled by all the case companies, through the manufacturing machines’ ability 

of having a computerised interface. 

 

In the first level of people, Sjödin, et al. (2018) state that recruitment of digitalisation 

competence is necessary. It correlates with the analysis of the dimension of people, where the 

need for the new competences is emphasised (Gökalp, et al., 2017; Kaasinen, 2019; 

Schumacher, et al., 2016; Zhou, et al., 2015). It is referred to the new human role in production 

that will appear because of the new enabling technologies within Industry 4.0 (Kaasinen, 2019; 

Rauch, 2019). An agreement between the case companies consist of one vast challenge, to 

define what competences are needed.  Actions that the case companies have taken or aiming for 

are assigning responsibility to one person to have an overview of the process of Industry 4.0 

and coordinate the following actions. 

 

A second requirement includes the culture, where a great emphasis is placed on involving the 

employees from the beginning in the transition towards Industry 4.0, e.g. in the process of 

developing a vision (Sjödin, et al., 2018). This is solving the current issue of having different 

definitions of Industry 4.0 and it collectively gathers the employees. This correlates with the 
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definition of the people dimension where Schuh, et al. (2017) and Schumacher, et al. (2016) 

highlight the willingness to change among the employees and management as crucial. These 

aspects are important in every change which the case companies can argue for, to exemplify 

both Newton, Da Vinci, Tesla and Edison work with including the operators within projects 

involving novel technologies.  

 

Level 2 

Connectivity is seen as the focus in level 2 for all three dimensions.  Regarding the process, an 

agreement exists where a company should have managed a first step of an implemented 

Industry 4.0 object or asset (De Carlois, et al., 2017; Gökalp, et al., 2017; Harland, et al., 2018; 

Jaeger & Halse, 2017; Leyh, et al., 2016; Schuh, et al., 2017; Sjödin, et al., 2018). The authors 

of the present thesis interpret this as a function in the production. A pilot project satisfies this 

requirement. Morse has a test environment named Smart Factory, where multiple projects are 

being performed, in controlled environments and also in production. Einstein has implemented 

a system to enable machines to be connected and controlled. Continuing with infrastructure as 

an enabler for vertical communication, it is importance of applying this for a level 2 process 

maturity (De Carlois, et al., 2017; Gökalp, et al., 2017; Harland, et al., 2018; Jaeger & Halse, 

2017; Leyh, et al., 2016; Schuh, et al., 2017; Sjödin, et al., 2018). Jaeger & Halse (2017) breaks 

it down to have all machines and robots connected. Described by Edison, the company use a 

system to collect all machine data, either for analysing purpose or for displaying useful 

production related numbers e.g. OEE, tact time and outputs in real time. A similar system is 

used in the assembly line by Einstein, where all technical production data is saved into a 

planning system. It is partly used for interference analysis.  

 

Harland, et al. (2018) and Sjödin, et al. (2018) indicate that an initiative towards technological 

connectivity reflects level 2 technology. Further mentioned is, how the technology would 

provide a data flow through the company and its individual departments. According to Zhou, et 

al. (2015), this is a first step towards CPS, being one of Industry 4.0’s enabling technologies. 

Additionally, this contribute with the bridge between the physical and virtual world. Einstein 

has proven to start this sort of process with a heat treatment shop of high automation degree, 

which generate data to other related departments. This can also be related to a third effect of 

connectivity, being that the information flow of data will be automatically transferred. Through 

a more connected production environment contribute with agile operations in production, 

which supports the fluctuation requirements in production (Lu, 2017). 

 

Different sets of competences are required depending on the field of technology or process 

(Sjödin, et al., 2018). For level 2, Sjödin, et al. (2018) argue for attaining the competence of 

managing connectivity. A specific competence of this kind is required due to the initiation of 

smaller projects relatable to Industry 4.0. It is agreed by all case companies, to be a challenge 

to give attribute to Industry 4.0 projects, given the lack of competence at the respective 

companies. Although, the missing competence at the companies are attained externally via 

universities or other institutions to enable projects. All case companies are performing projects 

in relation with universities or other companies to gain missing competence. Furthermore, 

Sjödin, et al. (2018) include the specification of roles within the production, in level 2. 

Responsibilities of digital systems and what competence that is needed for managing it is to be 

decided. Regarding the person of level 2, the authors defines that the company have identified a 

necessity and later, defined roles within Industry 4.0 of which, employees have partially been 

implemented in the company. Edison has its first dedicated employee, whom is coordinating 

Industry 4.0 approaches for the company to address. However, the next step would be to apply 

employees for the purpose of implementing projects. Einstein is restructuring the organisation 
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to release needed resources, for forthcoming Industry 4.0 projects. Meanwhile, Nobel have 

multiple projects running with associated employees for the implementation part. 

 

Level 3 

Continuing on level 3 for the dimension of process, Jaeger & Halse (2017) define a vertical 

integration to be for level 2, as the connection of the manufacturing equipment. Meanwhile, 

Niesen, et al. (2016) describe the vertical integration to be the enhancement of communication 

and collaboration between different departments, of different hierarchy within the company. 

Further, Pérez-Lara, et al. (2018) also states that the vertical integration involves the 

organisational communication structure and relation between departments. Although, further 

included are technologies and employees in the sense that the technical systems consist of 

necessary elements to perform production activities. The employees are a consideration due to 

its critical ability to perform change. However, Gehrke, et al. (2015) description of the vertical 

integration differs according to the previous two definitions. It is stated to be a combination of 

the processes of planning and developing the production. The authors of the present thesis 

interpret the vertical integration to be aligned with Niesen, et al. (2016) and Pérez-Lara, et al. 

(2018), with focus of improving the hierarchical communication of all departments that are 

affected by production. Moreover, Gökalp, et al. (2017), Jaeger & Halse (2017) and Leyh, et al. 

(2016) includes the horizontal integration in level 3. Niesen, et al. (2016), Pérez-Lara, et al. 

(2018) and Gehrke, et al. (2015) agrees on that horizontal integration comprises the 

collaboration and relations to external companies of the same value chain. Although, Gehrke, et 

al. (2015) tends to include the departments in the company as a first step before involving the 

external. For the purpose of this thesis, it is preferred to mainly see to the horizontal integration 

as an alignment between departments of the same company for level 3, with reference to the 

current state of the case companies and due the focus of the company and not external relations 

during interviews. As noticed earlier, the case companies have not yet, but one, mentioned 

vertical or horizontal integration as an important process for Industry 4.0, both types of 

integrations should be started within level 3.   

 

Apart from initiating the process of the vertical and horizontal integration, simulation for 

testing, prototyping and optimising in the context of a digital factory should be a process at the 

company (Sjödin, et al., 2018). Newton applies simulation as a method of daily process and it 

is decided to be a requirement for certain operations during production projects, used for 

controlling and evaluation. Tesla has mentioned simulation to be a necessary tool for future 

production to work in a digital environment, described as digital twin. Although, a missing 

competence is a challenge at this point in time. 

 

A requirement of the third level within the dimension of technology are the use of sensors to 

collect data from production but with the requirement of having enough data to visualise a 

digital factory (Harland, et al., 2018; Schuh, et al., 2017). The achievement of implementing 

sensors within production would generate the enabling technology of IoT within Industry 4.0 

(Kang, et al., 2016; Lu, 2017). A reflection from the interviewed case companies, is the 

awareness of collecting data and analyse it, as important areas, but how it will be implemented 

is not specifically described. One reason could be the status of the case companies being in the 

initiative stage where the knowledge of a detailed roadmap is missing and is not accomplished 

yet. An argument towards the use of sensors is the increased ability to take better founded 

decisions (Harland, et al., 2018; Kang, et al., 2016; Schuh, et al., 2017) and achieve flexibility 

in production (Lu, 2017). An example from Nobel, where a direction towards IoT technologies 

has been taken through purchasing several IoT platforms and data lakes for common practises 

within the organisation. A second requirement is the need for implementing cloud technology 
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in order to automate the information exchanges (Leyh, et al., 2016). A clear example provided 

by Nobel, is the use of robot process automation, which extract data automatically through 

existing systems. According to Kang, et al. (2016), Leyh, et al. (2016), Lu (2017), Zhong, et al. 

(2017) and Zhou, et al. (2015), cloud technology enables remote processes and the manager at 

Nobel is aware of the opportunity in having data lakes to enable advanced analytics.  

 

A third requirement for level 3 is collecting real time data, where according to Leyh, et al. 

(2016) and Sjödin, et al. (2018) could generate support in optimisation of production. This is 

accomplished by Newton, through the new Manufacturing Execution System (MES) to enable 

real time data to be used in the simulation models to optimize the production lines. A second 

area to use real time data is within planning and controlling processes (Gökalp, et al., 2017; 

Schuh, et al., 2017). Two examples provided by Einstein, is the assembly line, with a planning 

system where all the work stations are connected to this planning system and provides it with 

real time data. Secondly, the heat treatment shop which the access of real time data is complete. 

Further, Gökalp, et al. (2017) and Sjödin, et al. (2018) emphasise the possibility of analysing 

automatically with real time data and Harland, et al. (2018) highlights the support within 

decision-making.  

 

Requirements for the people dimension of level 3 are defined by the authors based on the 

requirements from the process and technology dimensions due to the lack of defined 

requirements from the studied maturity models provided in the frame of reference. Therefore, 

more competence around connectivity is needed to fulfil the requirement from the dimension of 

process of having a vertical and horizontal integration (Gökalp, et al., 2017; Jaeger & Halse, 

2017; Leyh, et al., 2016). Clarified, the IT infrastructure must be developed to aggregate the 

production data to one location and become more available for other departments. This 

knowledge is described in Curie’s vision, being one of the companies showing an absence of a 

defined roadmap towards Industry 4.0. Meaning that the intensions could be related towards 

Industry 4.0 without using the known term, which also is strongly argued by Watt, who states 

that several technologies that relates to Industry 4.0 already exist, although referred to other 

terms. A second requirement would be to increase knowledge and competence within 

simulation, where this is mentioned in the dimension of process in purpose of elaborating and 

optimising production set-ups based on a virtual factory (Sjödin, et al., 2018). 

 

Level 4 

Required for level 4 within the dimension of process, a dominant focus is on transparency 

(Harland, et al., 2018; Leyh, et al., 2016; Schuh, et al., 2017), which is due to the process of 

spreading the digitalisation through departments and supply chain. This is an advancement of 

the main focus in level 3, with the initiation of vertical and horizontal integration. The 

advancement will contribute to a greater amount of real time data, shared across the company 

and supply chain (Harland, et al., 2018; Leyh, et al., 2016; Schuh, et al., 2017). The key to 

perform this is to extend the automation of sharing data and information, due to the vast 

amount it holds (Leyh, et al., 2016). Although, all data is not necessarily useful, and this is 

pointed out by Harland, et al. (2018) and Schuh, et al. (2017), who stress the importance of 

collecting value-adding data to increase the efficiency and performance of equipment and 

production processes. In the end, the data’s purpose is to provide a basis for decision-making. 

The majority of case companies collects data, however, far from everything is used for value-

adding purposes. Edison states the need to know what data is required before investing 

resources in equipment to acquire it. Newton have noticed an important improvement area, 

being the managing of data, how to collect it, store it and analyse it. This correlates directly to 

Leyh, et al. (2016), stating that a strategy should be started on how to plan for what data to 
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collect and how to analyse it. Finally, level 4 is a stage for companies to prepare for a 

predictive production (Harland, et al., 2018), preferably through performing previous activities 

described in the current level. Since data provides the basis for decision-making, it is important 

to manage it correctly.  

 
When the data is generated in real time, the next step will be to increase technologies within 

data management and analytics, which include the forth level within the dimension of 

technology (Harland, et al., 2018; Schuh, et al., 2017). Big data analytics, being one of the key 

technologies of Industry 4.0 (Kang, et al., 2016; Lu, 2017; Zhong, et al., 2017; Zhou, et al., 

2015), is an enabler of processing and analysing big sets of data with the purpose of achieving 

predictability (Kang, et al., 2016; Lu, 2017). These types of technologies are requested from 

Einstein, Nobel and Da Vinci as a future capacity. Morse and Watt have active pilot projects 

within these areas. Other related technologies to data management and analytics are AI and 

Machine Learning, where Tesla and Da Vinci have mentioned these technologies as future 

enablers for advancing the production capacity. Meanwhile, Nobel have started pilot project in 

production within AI and Edison has a pre-study within Machine Learning.  

 

Required within level 4 for dimension of people is the analytics expertise to optimise 

production, because of this level focus of data management (Sjödin, et al., 2018). Related to the 

case companies, the ambition of preforming data analytics is one of the important areas for 

Newton, Tesla, Curie and Nobel to accomplish early in the transition towards Industry 4.0. 

Perhaps, this could be confusing for the case companies to be guided to wait until level 4 to 

recruit competence within analytics. An argument from the case companies are the 

management of the current data must be improved and an important factor is the need to 

understand the current data and what to use it for, before implementing technologies where the 

data will increase and then see how the data would be analysed. To elaborate this statement, the 

requirements for the previous described levels enhance the focus within each level to manage 

individual tasks and therefore this competence is not needed until now. 

 

Level 5 

Maturity level 5 for process naturally becomes a continuing of creating a predictive production 

system through the correct use of data and additionally use it for simulating. According to 

Harland, et al. (2018) and Schuh, et al. (2017), simulation tools can be used for creating 

possible future scenarios inside the digital factory, thereby generate the most likely to occur. As 

mentioned in level 3, both Newton and Tesla are recognised in relation to simulating processes. 

Tesla describes it as a necessity for future operations where a simulation model would provide 

the opportunity for testing and optimising virtually, resulting in an understanding of what 

precautions to make in the physical production or product. Newton described a vision of 

creating a simulation model covering the complete factory, for fulfilling the activities above.  

 

Finally, the vertical and horizontal integration should now be complete, resulting in a complete 

hierarchal integration of the company due to the result of vertical process (Niesen, et al., 2016). 

Regarding the horizontal process, all departments within the company work with greater 

transparency and communication of real time data sharing (Gehrke, et al., 2015). Additionally, 

the company’s value chain is involved in the horizontal integration and takes part of the 

information exchange for a value-adding result towards the end customer (Gehrke, et al., 2015; 

Niesen, et al., 2016; Pérez-Lara, et al., 2018).  
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Due to the creation of a predictive production system, certain technologies are required to 

satisfy that need (Harland, et al., 2018; Jaeger & Halse, 2017; Schuh, et al., 2017; Sjödin, et al., 

2018). Kang, et al. (2016) and Lu (2017) emphasise the possibilities of using Big Data 

Analytics for performing predictive activities in production. Further, CPS is expected to be 

fully implemented to accomplish a complete system where machines communicate (Zhou, et 

al., 2015) and therefore become more intelligent. According to Lee, et al. (2017), this is what 

the optimal state of an Industry 4.0 predictive production system is. Meanwhile, IoT systems in 

this context will contribute to connect the machines to humans (Kang, et al., 2016; Lu, 2017; 

Zhong, et al., 2017; Zhou, et al., 2015) and generate data to the Big Data Analytics tools. This 

system should be interoperable and use a common interface for easy use. Finally, cloud 

technology will act in the background to enhance the data sharing experience between users 

(Kang, et al., 2016; Lu, 2017; Zhong, et al., 2017; Zhou, et al., 2015). 

 

Several case companies show great interest of a predictive production system and sees the 

possibility of saving both time and resources by using such technologies. Referencing to level 3 

and the focus on retrieving vast amounts of data, correlates to Nobel and the stated need to 

collect, store and use the data for analytical purposes. Moreover, the customer creates a need 

for developing the production system due to the demand for individualised products (Yin, et 

al., 2018). Therefore, Einstein, Nobel and Da Vinci argues for the need of flexibility in 

operations, derived from working with old products and simultaneously introducing new 

products. Flexibility could be supported by an IoT system (Lu, 2017), due to its ability to 

increase the basis for decision making (Kang, et al., 2016).  

 

As the most advanced level, the people dimension consists of developing the competence to 

relate with the current challenges within production, which is developing a predictive 

production system (Sjödin, et al., 2018). A reflection from the authors, is the importance of 

having the right knowledge in production to utilize the new Industry 4.0 technologies, 

otherwise risking increases of not utilizing the technologies. This is also strengthened by 

Kaasinen (2019) and Rauch (2019) who emphasises a more human-centred production system. 

To continue the work towards Industry 4.0, the culture needs to be committed towards smart 

and innovative solutions. Further, an exemplified initiative by Da Vinci through the work of 

encouraging employees to run their own projects of improvements and support the production 

sites to perform more projects of innovative solution. 

 

5.3. Maturity assessment framework 

De Bruin, et al. (2005) emphasise the importance of defining dimensions and levels for a 

maturity assessment model in order to know what to assess and how. This have been fulfilled 

by the two research questions elaborated in the previous sub-headings. Therefore, a maturity 

assessment framework towards Industry 4.0 has been developed to provide of what could be a 

standardise framework, see table 13. It is derived from existing maturity assessment 

frameworks and therefore combines the key dimension and using a satisfying number of levels. 

The dimensions considered are process, technology and people and the levels are visualising an 

advancement within these. Further, for each level a theme is presented in order to give a 

holistic view of what to focus on and a description is followed below each dimension of 

requirements to achieve in order to the specific level. 
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Table 13 Maturity assessment framework 

 

 PROCESS TECHNOLOGY PEOPLE 

LEVEL 1: INITIATIVE 

TOWARDS INDUSTRY 4.0 
An initiative 

towards Industry 
4.0 must have been 

initiated, by 

mapping enabling 

technologies and 
developing a 

roadmap.  

A start towards 
agile processes 

Focus within 

individual tasks. 

Have equipment that 

support digital 
interfaces in 

production, e.g. work 

instructions and 

control panels. 

Assign 

responsibilities to 
focus on Industry 

4.0 in order to 

achieve a holistic 

view and provide 
directions of where 

the company 

should start.  
Create an 

organisation that 

involves employees 
in the 

transformation. 

LEVEL 2: CONNECTIVITY Having 

implemented an 
Industry 4.0 object. 

Prepare for a 

vertical integration. 

Apply technologies 

for connectivity to 
achieve accessible 

production data. 

Assign employees 

to perform projects 
within Industry 4.0. 

Acquire 

competence for 
managing and 

using connected 

systems. 

LEVEL 3: TRANSPARENCY Initiate vertical 
integration and 

prepare for 

horizontal 

integration.  
Involve simulation 

for testing and 

optimising 
production 

processes. 

Collect real time data 
through sensors and 

store and share 

through a cloud 

technology. 

An increased 
competence to 

support the IT 

infrastructure for 

vertical and 
horizontal 

integration. 

Educate knowledge 
within simulation. 

LEVEL 4: ANALYTICS The process of 

structuring and 
using data, to 

prepare towards 

predictive PS. 
Continued 

development of 

vertical and 

horizontal 
integration. 

Increase the use of 

technologies that 
support data 

management and 

analytics, e.g. Big 
Data Analytics. 

A key competence 

within analytics is 
required. 

LEVEL 5: PREDICTABLE 

PRODUCTION SYSTEM 
Create a predictive 

production system. 
A complete 

accomplishment of 

vertical and 

horizontal 
integration. 

Optimal 

implementation and 
utilisation of 

enabling 

technologies for a 

predictive production 
system. 

Acquire 

competence that 
provide support to 

utilise a predictive 

production system. 

Culture that 
encourages and 

supports innovative 

ideas. 
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5.4. Assessment of case companies 

According to the purpose of this thesis, a second step is to assess the maturity level within 

manufacturing companies, by the support of a developed maturity framework. In figure 2, a 

visualisation of the case companies’ mean maturity level towards Industry 4.0 are presented. A 

detailed view of the individual assessments is referred to Appendix 4. 
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Mean maturity level at the case companies

 
Figure 2 Visualising the mean maturity level 

 

The authors have identified that a majority of the case companies does have a roadmap towards 

Industry 4.0, although, the roadmaps are visionary and not practical. As figure 2 indicates, the 

mean value visualises a not reached level 2 yet. Although, four out of seven case companies 

have reached level 2, through managing implementation of an object or process related to 

Industry 4.0. It could have been within a selected area where connectivity and real time data is 

implemented or starting the progress of vertical integration through projects or an implemented 

integration between production and product development. Thus, next step for the case 

companies are to narrow down the vision to areas that are of interest for each production site, 

with more detailed instructions and actions to take to enable implementations. Tesla has begun 

this step, through developing a global program of Industry 4.0 where the important areas are 

divided between the production sites and can thereby share knowledge from their individual 

learnings. Da Vinci agree that this arrangement should be done, because they do not want to 

reinvent the wheel and it will encourage collaborations between production sites. However, 

Newton are deliberately focusing on current processes related to Lean production and do not 

have an initiative towards Industry 4.0 and therefore obtain a zero in the dimension of process. 

This active decision from Newton somewhat affects the concluded picture of the case 

companies. 

 

Further, the case companies’ interest of data collection and analytics, and how they attain 

important competence within those aspects are clearly shown. According to the developed 

maturity framework, these areas apply in level 3 and level 4 which indicates future 

advancement areas. It is beneficial to be interested in future developments, but within complex 

transitions it is necessary with the approach to achieve a solid foundation before advancing, to 

perform a successful transition. Therefore, the authors of the present thesis emphasise the 

maturity of level 2 before further advancement within the maturity framework, in order to 

standardise the process of data collection. Yet, the case companies show an understanding of 
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developing their IT infrastructure to support the availability of production performance data 

through connectivity. A challenge is to unite the systems because the case companies use 

machines from different manufacturers that are supported by different systems. Thus, 

researchers are challenged to provide the industry with significant research that could solve 

these issues. To exemplify a solution, Newton has created a cooperative relation with a 

University to enable beneficial research for the company. This indicates an important 

characteristic for companies striving for Industry 4.0, where innovation and creativity are 

required (Kaasinen, et al., 2019; Schumacher, et al., 2016). 

 

The maturity level within the dimension of technology indicate a level two, although Nobel 

fulfilled a level 3 and Da Vinci fulfilled a level 1. The requirements for which the authors had 

were an implemented system supporting connectivity. It would not be enough to only have the 

function of connectivity if it not was in use. Although, it was only needed in a delimited area 

and a contributing factor could be the access of real time data. To fulfil a level 3, the 

implementation of IoT platforms and using data lakes at Nobel were sufficient. Regarding 

Newton’s maturity assessment, through a lack of existing roadmap towards Industry 4.0, the 

advancement within technologies accomplished a strong level 2. Through, the use of 

connectivity in the whole production and with a new MES implemented in the production 

providing real time data which generates a level 3. Important notification is the lack of an 

initiative towards Industry 4.0 will not result in falling behind the production development. In 

some cases, it could be beneficial to take a step back and optimise the current state instead of 

moving forward towards novel technology with an unstable process. Although, the authors do 

not mean that the first step to transit towards Industry 4.0 necessary is to implement novel 

technologies. Proved by the authors’ suggestion to assess the maturity of the three dimensions, 

it is performed to ensure a successful implementation of Industry 4.0.  

 

Mentioned Industry 4.0 technologies from the case companies varied and in relation to the 

assessment model, some of the mentioned technologies were not represented. A diffuse 

definition of technologies referred to Industry 4.0 exist (Lu, 2017), where enabling 

technologies within Industry 4.0 include CPS, IoT, Cloud technology and Big Data Analytics 

(Kang, et al., 2016; Lu, 2017; Zhong, et al., 2017; Zhou, et al., 2015). Although other 

technologies exist which have been included as an Industry 4.0 technology.  To exemplify, 

Newton and Nobel emphasise their research projects within collaborative robots. Further, 

technologies within AGV, VR and AR are mentioned as important technologies around the 

case companies. Meanwhile, Tesla emphasise collaborative robots are not a new technology 

within Industry 4.0, preferable as an advancement within automation. The argument is 

strengthened by Tesla’s own maturity assessment which provides an insight within Industry 

4.0. Nevertheless, the authors stress to highlight the variation within different technologies, 

proving the case companies’ ambition for production development and the curiosity towards 

novel technologies. Thus, the technologies which not represent the four key technologies 

within industry 4.0 are not included within the framework of maturity assessment, because they 

do not qualify as key technologies for Industry 4.0.  

 

Seen to the dimension of people at the case companies, one finding is the awareness of the 

importance in the employees and this is because humans are an enabler for Industry 4.0, also 

stated by Schuh, et al. (2017) as important. The employees withhold the competence needed for 

developing and managing Industry 4.0. A difference compared to the theory are the dominant 

focus of technology and not indicate the need for how the human will adapt to the new 

technologies. However, the research possibly focuses on technology to raise an interest of 

Industry 4.0 and therefore appear to be further ahead of the industries within the dimension of 
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technology. Although, the authors of the present thesis believe that the development of 

technologies must be performed before considering the dimensions of people and process, to 

attain the interest. A second argument is that a combined responsibility between theory and 

industry must be applied in order to manage the dimension of people, therefore the company 

must define what individual competencies they require. All case companies have one or several 

employees with a guiding role towards the company’s interests and thereby complete the first 

level of the developed maturity model. Yet, not all companies have reached the competence of 

performing specific Industry 4.0 projects nor competence for managing connectivity systems.  

 

An obtained observation seen during the maturity assessment, were case companies within the 

same organisation differs in how far they have advanced within different dimensions. 

Attributing factors to this are the type of product, whether the focus is on manufacturing or 

assembly and the amount of resources at each production site. This generate challenges within 

the organisation of production system development, in finding the best possible solution which 

might not be applicable for other productions. This depicts differences in the qualifications 

between production sites, in terms of product types and needs, and emphasise a descriptive and 

individualised roadmap to achieve further advancement towards Industry 4.0. However, 

advantages have been mentioned reflecting the accessibility of resources, knowledge-sharing 

and support. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

This chapter conclude the important findings of this thesis referring to the frame of reference 

and empirical evidence elaborated in previous chapters. Additionally, future recommendations 

will be suggested for further research. 

 

In this thesis the purpose has been to develop a framework and assess the maturity of Industry 

4.0 for production system development at manufacturing companies. Earlier research has 

emphasised the challenge with customised products for the manufacturing industry and the 

competitive environment compel the companies to strive for novel technologies to stay 

competitive. Industry 4.0 and its enabling technologies provide the solution of flexibility in 

production, which is necessary for the fluctuating demands and competitiveness. Possibilities 

within Industry 4.0 are to respond rapidly to changing demands, generate a greater basis for 

decision-making, increase the awareness and use the employees for a smarter purpose. A vast 

amount of literature focuses on novel technologies, although a gap exists in the industrial 

application of each technology. This complicates the transition towards Industry 4.0. Therefore, 

it is emphasised to perform a maturity assessment towards Industry 4.0 focusing on process, 

technology and people dimensions for a successful transition. The following research questions 

have been used as guidance: 

 

RQ1: What dimensions should be considered when assessing the maturity of Industry 4.0? 

 

RQ2: How could the maturity assessment of Industry 4.0 be performed? 

 

The research questions have provided a framework for assessing maturity towards Industry 4.0. 

Within the creation of combining the highest cited articles of assessment models towards 

Industry 4.0, the framework can be validated through obtaining the enabling steps towards an 

achieved Industry 4.0 factory through the five selected levels and three dimensions. 

Additionally, the methodology of using a multiple case study increases the validity by 

supporting the framework’s relevance and proves the adaptability for individual companies.  

 

A concluded picture of assessing maturity towards Industry 4.0 proves that the case companies 

have initiated Industry 4.0 transition through the progress of defining a roadmap. The 

awareness of future possibilities is known, although the detailed description of how this will be 

enabled do not exist. Contributing factors involves challenges within lack of competence, the 

need to concretise what Industry 4.0 is to the respective production site and the process of 

selecting technologies that would benefit its production. It is also proved by the maturity 

model, that the case companies’ focuses are within level 3 and 4 and to achieve those levels the 

case companies need to fulfil the requirements within level 2. However, restrictions for the 

assessment are the lack of visits and interviewing employees of the same position, to enhance 

the investigation to provide a fully validated maturity assessment for each case company. 

Nevertheless, the result contributes with a first idea of the companies’ position towards a 

complete Industry 4.0 transition. The authors are also suggesting the use of the framework as a 

guidance within the preparatory work of a detailed roadmap towards Industry 4.0 and through 

the transition towards it. 

 

The authors have come to an understanding through a holistic overview of the thesis involving 

evidence from the analysis which is visualised through three maturity circles regarding process, 

technology and people, see figure 3. The maturity circles indicate the case companies’ 

readiness for the next maturity level in accordance to the maturity framework. 
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Figure 3 Maturity circles 

 

The process maturity circle visualises a high maturity within the case companies referring to 

their initiative towards Industry 4.0 with a defined roadmap, although with a few exceptions. 

Therefore, the interest circle towards Industry 4.0 becomes slightly less. Additionally, the 

research consists of maturity assessment models, although the authors are missing a 

standardised framework affecting the research circle to be the smallest. The authors suggest 

increasing the awareness of maturity assessment surrounding the manufacturing industry in 

order to support them in their further advancement towards Industry 4.0. 

 

In the aspects of enabling technology towards Industry 4.0, the authors can see a correlation 

between the case companies’ interest in novel technology and what the research provides. 

Compared between all maturity circles, technology has the greatest interest. Although, the 

maturity within the case companies is far behind, which could depend on the low maturity level 

according to the assessment. 

 

The last maturity circle involves people and has the least focus of the three. The authors stress 

the importance of filling the observed gap in research. A reason for this outcome could be 

derived from the focus of the enabling technology and the process towards Industry 4.0 and 

contributes with the people being less prioritised. The maturity of people is affected due to the 

low company interest and research contribution.   

 

Future recommendations to improve the thesis, are to perform the same study but with 

increased depth into the investigations of each case company. This can be done through 

different procedures, one could be a quantitative study, with e.g. questionnaires instead of 

interviews, thereby generating numbers instead of interpretative answers. However, if an 

interview is preferred, the number of companies could be decreased, and the interviewees 

increased in order to achieve increased detailed information of the company. Further, it is 

recommended to create the interview guide based on the maturity model to guarantee the 

applicability of all answers into the model.   

 

Additionally, future recommendation for further research is to continue develop a maturity 

assessment model towards Industry 4.0 in order to create a common foundation and increase 
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the awareness around the manufacturing Industry. This could also support the maturity level 

within novel technology, providing manufacturing companies with guidance and support for 

preparatory work before implementing novel technology. An enabler to these issues are the 

human, where the authors emphasise the continuing research regarding the people dimension.  
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8. APPENDICES 

Appendix 1 – Interview guide (Swedish) 

Intervjuguide 
Introduktion av oss och introfrågor 

  

Civilexjobb inom produktion och logistik på MDH.   

 Utvärdera mognadsgrad hos tillverkande företag  

o mot Industri 4.0  

o PSD  

o Anonymitet   

o Tre områden: person, process, teknologi.  

o Individuell värdering inom varje område för att kartlägga en sammanfattad bild 

av de företag som samarbetar med oss. Alla företag som är med får en 

sammanfattad version av vårt resultat.   

 

Definition: Industri 4.0 är ett nytt arbetssätt som tillåter människan att ta ett steg tillbaka och 

ha en övervakande roll i produktionen genom tillförlitligare maskiner som är uppkopplade 

för att öka tillgängligheten av data. Teknologierna bidrar med en högre grad av transparens och 

flexibilitet. 
 

Introfrågor   

 Berätta om din bakgrund (pluggat, tidigare arbetsplatser/uppgifter, hur du hamnade 

här)  

o Vad har du för tidigare erfarenheter inom den tillverkande industrin? (Om det inte 

nämns i föregående fråga)  

 Vad är din titel?  

 Vad brinner du för i ditt arbete?  

o Är Industri 4.0 ett intressant ämne för dig? 
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Framtid   
1. Vad är er vision i den här fabriken på ______________________________?   

(Vision med fokus på vårt intresseområde och som berör fabriken)   

c. Är det något företag som ni har inspirerats av i form av en förebild?  

d. Hur många känner till den?   

e. Vilka områden har ni identifierat som är viktigast att ta itu med först?   

f. Varför har ni identifierat dessa som viktigast? (KPIs?)   

2. Vilka möjligheter ser ni med Industri 4.0?   

a. Hur ska det styrka er som företag?   

3. Vilka utmaningar ser ni med Industri 4.0?  

 

Person  
4. Hur hanterar er organisation en stor förändring likt Industri 4.0?  

5. Vilken roll får människan i er förändring mot Industri 4.0?  

a. Hur planerar ni för att det ska uppfyllas?  

6. Vilken kompetens kräver ni av era anställda?  

a. Hur ska ni få den?  

7. Hur ska ni stötta operatörerna i deras kompetensutveckling för att tillfredsställa I4.0?  

 

Process  
8. Hur arbetar ni utefter ett standardiserat arbetssätt i fabriken idag?   

a. Hur kan arbetssättet förändras genom Industri 4.0?  

9. Till vilken grad kommunicerar ni i pappersform?  

a. Vilken miljö hade varit enklast att reducera pappersanvändning i?  

10. Hur samlar ni data? OCH Hur använder ni data? (Maskinprestanda)  

a. Hur lättillgänglig är data?   

11. Hur går ni tillväga vid oförutsedda problem i produktionen?  

a. Hur skulle Industri 4.0 underlätta det arbetet?   

12. Har Industri 4.0 en roll i er produktionssystemsutveckling?  

1. Vad skulle stegen vara för er mot Industri 4.0? (Roadmap och tidsaspekt)  
 

Teknologi  
13. Digitala applikationer/hjälpmedel (Ifall den inte besvaras i fråga 15)   

14. Är det några specifika teknologier inom Industri 4.0 som ni tror extra på för er fabrik?   

15. Har ni något konkret exempel där ni har påbörjat en teknologisk förändring mot Industri 

4.0? (Vill ha ett mer beskrivande exempel)  
 

 

Rundvandring  
16. Beskriv det mest avancerade avsnitt i en produktionslina   

17. Hur ser resterande produktion ut i fabriken?   

18. Vad ser ni för möjlighet med er produktion?  

19. Vad ser ni för utmaningar med er produktion?  
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Appendix 2 – Interview guide (English) 

Interview guide 
Master thesis, production and logistics from Mälardalen University 

 Assess maturity level at manufacturing companies 

o Towards Industry 4.0 

o PSD 

o People, process, technology 

o Individual evaluation, a mapping of the summarized result within each area 

(People, process, technology)  

o All companies will receive a summarized version of our results. 

Definition: Industry 4.0 is a new way of working that allows the human to take a step back and 

have a monitoring role in production through more reliable machines that are connected to 

increase the availability of data. The technologies contribute with a higher degree of 

transparency and flexibility. 

Intro Questions 

 Tell us about your background (study, previous workplaces / tasks, how you ended up 

here) 

o What do you have for experience in the manufacturing industry? (If not 

mentioned in the previous question) 

 What is your title? 

 What are you passionate about in your work? 

o Is Industry 4.0 an interesting topic for you? 
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Future 

1. What is your vision in this factory at ______________________________? 

(Vision with a focus on our area of interest and that touches the factory) 

a. Is there a company that you have been inspired by in the form of a role model? 

b. How many people know about it? 

c. Which areas have you identified that are most important to address first? 

d. Why have you identified these as most important? (KPIs?) 

2. What opportunities do you see with Industry 4.0? 

a. What benefits can the company draw from that? 

3. What challenges do you see with Industry 4.0? 

People 
4. How does your organization handle a major change like Industry 4.0? 

5. Which role will the human have in your change towards Industry 4.0? 

1. How do you plan for it to be fulfilled? 

6. What competence/skills do you require from your employees? 

1. How are you going to get it? 

7. How should you support the operators in their competence development to satisfy I4.0? 

Process 
8. How do you work along a standardized working method in the factory today? 

a. How can the working method change through Industry 4.0? 

9. To what extent do you communicate in paper form? 

a. Which environment would have been easiest to reduce paper use in? 

10. How do you collect data? AND how do you use data? (Ex: Machine Performance) 

a. How easily is data available? 

11. How do you deal with unforeseen problems in production? 

a. How would Industry 4.0 facilitate that work? 

12. Does Industry 4.0 have a role in the production system development? 

a. What would the steps be for you against Industry 4.0? (Roadmap and time aspect) 

Technology 
13. Digital applications in the production?  

14. Are there any specific technologies in Industry 4.0 that you believe in for your factory? 

15. Do you have a concrete example where you have started a technological change 

towards Industry 4.0? (Please describe more descriptive example) 

Tour in the factory 
16. Describe the most advanced sections in your production line 

17. What does the remaining production look like in the factory? 

18. What do you see for the opportunity with your production? 

19. What do you see for challenges with your production? 
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Appendix 3 – Workshop guide 

Workshop 
Vad ser ni för möjligheter och utmaningar med Industri 4.0? 

o Vilka av möjligheter är viktigast att uppfylla först? 

o Varför är den viktigast?   

o Vilken utmaning vill ni ta itu med först? 

o Varför just denna?    

Vad blir människans roll i produktionen? 

o Vilken kompetens kommer att krävas? 

o Operatörer, ingenjörer, IT 

o Hur ska ni se till att era anställda får den kompetens som krävs?   

Vilka är era styrkor i produktionen som kan gynna framtidsutvecklingen? 

o Varför är det era styrkor och på vilket sätt? 

o Hur har ni blivit så bra? 

Hur skulle ni vilja optimera er produktion för framtidsutveckling? 
o Hur skulle ni gå tillväga för att uppnå det? 

o Varför skulle ni vilja göra det? Vad uppnår ni? 

 

Rundvandring 
Process 

1. Arbetar ni utefter ett standardiserat arbetssätt i fabriken idag?  

2. Till vilken grad kommunicerar ni i pappersform? 

3. Hur jobbar ni med datahantering? Görs det i realtid? 

4. Hur går ni tillväga vid feldiagnostisering?  

5. Hur aktivt arbetar ni med att utveckla teknik och arbetssätt i era produktionslinor? 

Teknologi 

 

1. Beskriv det mest avancerade avsnitt i en produktionslina  

1. Grad av automation? (Logistik, tillverkning) 

2. Hur styrs det? 

3. Hur ser datahanteringen ut? 

2. Hur ser resterande produktion ut i fabriken? (Fysiskt och dataöverföring)  

3. Digitala applikationer/hjälpmedel  
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