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Abstract  

Title: Industry 4.0 Adoption in the Manufacturing Process. Multiple case study of 

electronic manufacturers and machine manufacturers 

Authors: John Gerhard Olsson, Xu Yuanjing 

Background: Changing market conditions and increasing competition drive companies 

to increase their collaboration along the supply chain. Technological innovations enable 

businesses to increase their integration tremendously. The fourth industrial revolution 

(Industry 4.0) enables the integration of information technology with industrial 

technology. The adoption of Industry 4.0 includes many complex technologies that 

come with challenges for many organizations. Previous research suggests that 

conventional manufacturing might have to be adjusted to Industry 4.0.  

Purpose: This thesis identifies and analyzes potential challenges of Industry 4.0 

adoption for electronics manufacturers and machine manufacturers and analyzes how 

processes in manufacturing need to be adjusted to successfully implement Industry 4.0. 

The purpose of this thesis is to contribute to successful Industry 4.0 adoption in the 

manufacturing process and therefore to contribute to technological advancement. 

Method This thesis conducts a multiple case study and gathers qualitative data by 

conducting semi-structured interviews.  

Findings & conclusion: Challenges identified for most companies are standardization, 

management support, skills and costs. Most companies face data and compatibility 

challenges. Some companies face the challenge of complexity, information security, 

scalability and network externalities. Companies with higher levels of maturity are less 

likely to face environmental challenges. 

Lean Management was identified as a prerequisite for Industry 4.0 adoption. The 

adoption of Industry 4.0 is likely to lead to a paperless factory. Furthermore, changes 

concerning the infrastructure are a main finding. Moreover, it was found that Industry 

4.0 does not require major changes from conventional manufacturing processes. 

Keywords  

Industry 4.0; Manufacturing; Innovation Adoption Process; Adoption Challenges; 

Electronic Manufacturing; Machine Manufacturing; Multiple Case Study.  
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1 Introduction 

This chapter provides a background on supply chain management and introduces key 

concepts related to Industry 4.0 briefly. Based upon these key concepts, the research 

problems are discussed, and two research questions are developed. Furthermore, the 

purpose of this research is presented and delimitations are pointed out. At the end of 

this chapter the structure of this thesis is outlined.  

 Background 

Today, market conditions change quickly due to the influence of globalization as well 

as sociological, technological, economic, and political factors. Contemporary 

manufacturing companies need to focus on cost-effective manufacturing to be able to 

maintain their competitive position (Adamson, et al., 2017). On top of that, competition 

is shifting from individual companies competing as independent entities towards 

companies competing as part of a supply chain (Lambert and Cooper, 2000; 

Christopher, 2011). Accordingly, collaboration concerning design and manufacturing 

has increased tremendously and as a consequence companies are sharing resources, 

knowledge and information with their supply chain partners (Adamson, et al., 2017). As 

stated by Kumar and Pugazhendhi (2012), information sharing can be regarded as 

crucial for improving supply chain performance. Since companies take advantage of 

sharing and coordinating resources through worldwide integration of different 

processes, globalization can be regarded as a major driver for integrated work 

(Adamson, et al., 2017).  

The Supply-Chain Operations Reference-model (SCOR) has been developed by the 

Supply-Chain Council (SCC) to describe, measure and evaluate supply chains. The 

SCOR model includes six business processes, these are plan, source, make, deliver, 

return and enable (Ben-Daya, Hassini and Bahroun, 2017; APICS, 2017). The aim of 

supply chain processes is to create value for the consumer and minimize the resources 

required by the company.  

Conventional supply chains have many supply-demand mismatches due to increasing 

complexity, uncertainty and other factors (Wong, et al., 2012). As a consequence of this 

complexity and competition, supply chain management has become critical for 

organizations’ success since it provides tools to control costs and enhance economic 

performance of organizations within the supply chain (Hong, Zhang and Ding, 2018). 
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Other benefits of supply chain management are decreased order cycle times and greater 

product availability (Fawcett, et al., 2008).  

In contemporary organizations, technological development and innovation play an 

important role. The fourth industrial revolution (Industry 4.0) has already started and 

reshapes the future by stressing the importance of data acquisition and sharing 

throughout the supply chain (Brettel and Friederichsen, 2014; European Commission, 

2016, cited in Barata, et al., 2017, p173). Also, Industry 4.0 will influence the entire 

value chain and offer many new opportunities for innovative business models, 

improved production technology, creation of new jobs and better work organization. 

Zhou, Liu and Zhou (2015) defined Industry 4.0 as the integration of information and 

communications technologies with industrial technology. According to Pereira and 

Romero (2017), Industry 4.0 will lead to potential deep changes in several domains that 

go beyond the industrial sector. Industry 4.0 includes many fast changing and disruptive 

factors, such as digital manufacturing, network communication, computer and 

automation technologies. Moreover, many companies are adopting a set of new 

technologies such as Cyber-Physical System (CPS), Internet of Things(IoT), Robotics, 

Big Data (BD), Cloud Manufacturing (CM) and Augmented Reality (AR) to improve 

their products and processes and increase the efficiency and productivity of their 

production (Schmidt, et al., 2015). 

 Problem Discussion 

In the following subchapter, the problems in focus on which this thesis focusses will be 

discussed to illustrate both the gap as well as the problem itself and to justify why it is 

worth solving these problems. The first subchapter will discuss the problem of the 

identification of adoption challenges and the second subchapter will then discuss the 

problem of changes in the manufacturing process for successful Industry 4.0 adoption. 

1.2.1 RQ1: Identification of Adoption Challenges 

Wu, et al. (2016) suggest further research to focus on the challenges that prevent smart 

supply chain partners from collaborating. The research refers to Fitzgerald (2013, cited 

in Wu, et al., 2016, p. 411) who stated that industrial internet in its current state is rather 

an intranet where data is not shared among supply chain partners. As mentioned by 

Bagchi and Skjoett‐Larsen (2003) information integration gives management the 

opportunity to examine the operation of the organization in totality which enables the 
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individual members of the chain to act more like a single entity. As defined by Zhou, 

Liu and Zhou (2015) Industry 4.0 integrates information and communications 

technologies with industrial technology. It can therefore be stated that it is crucial for 

contemporary manufacturing companies to successfully implement the concept of 

Industry 4.0 to maintain their competitive advantage.  

Studies have pointed out challenges of implementing Industry 4.0. Lee, Zhang and Ng 

(2017) stated three main challenges of Smart Factory adoption. Firstly, high quantities 

and types of IoT devices, secondly, the large extent of data exchange and thirdly, 

establishment and maintenance of reliable cloud platforms.  

There seems to be a broad consensus that security and privacy issues are a major 

challenge for IoT adoption (Bi, Xu and Wang, 2014; Agrawal and Lal Das, 2011, cited 

in Ben-Daya, Hassini and Bahroun, 2017, p. 9; Haddud, et al., 2017; Lee and Lee, 

2015). Another issue that has been pointed out is the lack of compatibility between 

different IoT systems which can weaken their use for decision-making (Bowman, et al., 

2009, cited in Ben-Daya, Hassini and Bahroun, 2017, p. 11). Another study stated that 

high adoption costs can be seen as the main internal challenge, while lack of skilled 

workers was seen as the main external challenge to the adoption of Industry 4.0 

(Tortorella and Fettermann, 2017).  

Therefore, it can be said that different studies have already pointed out challenges of 

Industry 4.0 adoption as a byproduct of their research. However, our literature review 

had not identified previous studies that have focused on the challenges of implementing 

Industry 4.0 in the manufacturing process. Industry 4.0 is especially interesting for 

manufacturing, because it can increase efficiency, safety and environmental 

sustainability in the manufacturing process (Strozzi, et al., 2017).  

The adoption of Industry 4.0 technology requires profound changes within an 

organization. The problem is that our literature review shows the challenges to the 

adoption of Industry 4.0 technology in the manufacturing processes have not yet been 

thoroughly investigated and identified. Since the fourth industrial revolution has already 

started, it is crucial for organizations to be prepared for it to maintain their competitive 

position in the market (Pereira and Romero, 2017). To be prepared for these changes it 

is important to identify adoption challenges.  
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1.2.2 RQ2: Adjustment of Manufacturing Processes 

Pereira and Romero (2017) analyzed the impacts of Industry 4.0 and pointed out that 

this concept will significantly change design, processes, operations and services along 

the entire value chain. Furthermore, the concept will impact management and future 

jobs while allowing the creation of new business models.  

Strozzi, et al. (2017) state that changes in the manufacturing processes due to new 

manufacturing technologies have been overlooked by research. The authors therefore 

suggest studying challenges affecting the adoption of Smart Factories. The study 

highlights that organizational aspects of Smart Factory adoption have been neglected 

while managerial aspects and changing requirements have only been studied on a 

conceptual level (Kannengiesser, et al., 2015; Kannengiesser and Muller 2013; 

Zamifirescu, et al., 2013; cited in Strozzi, et al., 2017, p. 16).  

The adoption of Industry 4.0 will require adaptations in all core processes in a supply 

chain. Previous studies have pointed out challenges to the adaption from technological, 

organizational, resource and financial perspective, mostly on a conceptual level. 

However, previous studies have not investigated challenges to Industry 4.0 adoption in 

the manufacturing process as has been pointed out earlier. 

The problem is accordingly that it remains unclear how fundamental processes need to 

be adjusted. Consequently, organizations are not prepared to implement the concept of 

Industry 4.0 due to the lack of research in that field. It is therefore necessary to research 

how manufacturing processes need to be adjusted to adopt Industry 4.0. As stated by 

Pereira and Romero (2017) it is important for companies to be aware of the main 

implications of Industry 4.0 adoption. Furthermore, the authors have pointed out that 

the fourth industrial revolution is being predicted in contrast to previous industrial 

revolutions. This allows companies to take actions to be prepared for this 

transformation.  

 Purpose and Research Questions 

The aim of this thesis is to identify and analyze potential challenges of Industry 4.0 

adoption as well as adjustments of conventional manufacturing processes. Therefore, 

this thesis aims at analyzing how processes in manufacturing need to be adjusted to 

successfully implement Industry 4.0. The purpose of this thesis is to contribute to 

successful Industry 4.0 adoption in the manufacturing process and therefore to 
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contribute to technological advancement. The thesis will be guided by the following 

research questions: 

RQ1: What are the challenges of adopting Industry 4.0 in the manufacturing 

processes in the machine and electronic manufacturing industry? 

RQ2: How do conventional manufacturing processes need to be adjusted in the 

course of Industry 4.0 adoption? 

 Delimitations 

This thesis focuses on challenges in the manufacturing process for electronic 

manufacturers and machine manufacturers and how these processes need to be adjusted 

during Industry 4.0 adoption. It can therefore be said that this research focuses on the 

“make” process according to the SCOR model. The SCOR model is introduced in 

Appendix A. Geographically, the research is restricted to Europe, because that region 

has been rather active when it comes to research in the field of Industry 4.0. The 

manufacturing focus is set due to high relevance of Industry 4.0 in this area.  

 Structure and Approach 

In this section, the structure of this thesis will be introduced. The research methodology 

will be discussed and presented in chapter 2. Furthermore, this thesis will conduct a 

literature review on Industry 4.0, adoption of Industry 4.0 and manufacturing processes, 

within chapter 3. Subsequently, the research model and operationalization of concepts 

will be presented in chapter 4. Furthermore, manufacturing processes and adoption will 

be presented as empirical part in chapter 5. Based on the theoretical framework and the 

empirical chapter, an analysis of challenges of adopting Industry 4.0 in the 

manufacturing process (RQ1) will be conducted. Furthermore, how existing 

manufacturing processes have to be adjusted to Industry 4.0 (RQ2) to enable its 

adoption will be analyzed. The last chapter will summarize the answers to the research 

questions, present the limitations of this thesis and provide recommendations for further 

research. Figure 1 illustrates graphically the structure of this thesis.  
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Figure 1 Research structure (own illustration). 
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2 Methodology 

This chapter provides an overview on common methodologies in business research. 

Methodological choices from research philosophy to research ethics will be presented 

in this chapter. At the end of the chapter, a summary of the methodological choices is 

provided and the research working process is described. 

 Research Philosophy 

Research philosophies describe a system of beliefs around the generation of knowledge 

(Saunders, Lewis and Thornhill, 2016). Other authors use different terms, such as 

“worldview” (Creswell, 2014), “epistemology and ontology” and “paradigm” (Bryman 

and Bell, 2015) for the same purpose. Research philosophies are based upon 

ontological, epistemological and axiological assumptions. According to Saunders, 

Lewis and Thornhill (2016, p. 127) ontology “refers to assumptions about the nature of 

reality”. Two major ontological positions can be distinguished. Objectivism assumes 

that social phenomena exist independent from actors. Constructivism counters this 

assumption by implying that social phenomena are a product of social interaction 

(Bryman and Bell, 2015). Epistemology refers to assumptions about what can be 

“regarded as acceptable knowledge in a discipline” (Bryman and Bell, 2015, p. 26). 

Positivism, as a well-known epistemological position, seeks to law-like generations. 

Axiology is concerned with the role of values and ethics during the research processes 

(Saunders, Lewis and Thornhill, 2016). This also includes how researchers deal with 

their own values and the values of their participants.  

Five major philosophies are commonly discussed in business research, these will briefly 

be described in the following. Positivism promotes the application of methods from 

natural sciences in social sciences (Bryman and Bell, 2015). Positivism involves 

working with a social reality to generate law-like outcomes. Extreme positivists see 

social entities as real in the same way they regard physical objects and natural 

phenomena as real (Saunders, Lewis and Thornhill, 2016). Realism can be divided into 

two forms: direct realism and critical realism. Direct realism (sometimes also referred to 

as empirical realism) suggests that experiences and senses draw an accurate picture of 

the world (Saunders, Lewis and Thornhill, 2016). In other words, reality can be 

explored by employing appropriate methods (Bryman and Bell, 2016). Critical realism 

does not consider reality to be accessible through observations. In fact, critical realism 

has a more complex ontological view that has three elements, often referred to as the 
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empirical, the actual and the real (Bhaskar, 1968, cited in Saunders, Lewis and 

Thornhill, 2016, p. 139). Interpretivism suggests that humans are different from 

physical phenomena because they assign meanings to objects (Saunders, Lewis and 

Thornhill, 2016). Due to the subject matter of social science interpretivism suggests that 

social studies require a different logic than natural science (Bryman and Bell, 2015). 

Postmodernism can be considered as a view on nature of social sciences and their claim 

to knowledge. Postmodernists doubt that it is possible for researchers to find a 

definitive version of reality. Scientific findings are considered as external realities; 

therefore, the plausibility of those findings becomes a key issue rather than the question 

of right or wrong in an absolute sense (Saunders, Lewis and Thornhill, 2016). 

Pragmatism considers concepts only as relevant when they support action. Therefore, 

Robson and McCartan (2016) states that pragmatism focuses on practical experiences 

instead of theory. Pragmatists consider concepts, theories and research findings in terms 

of their practical consequences instead of in an abstract from. Methods applied in 

pragmatism typically range from multiple qualitative and quantitative to mixed methods 

and follow research problem and question (Saunders, Lewis and Thornhill, 2016). 

The research philosophy this thesis employs is pragmatism due to its complex and rich 

ontological view as well as its epistemological approach of focusing on the practical 

meaning of knowledge and problem solving as main contribution. Furthermore, 

pragmatist research employs methods in accordance with the research problem which is 

considered as suitable for this research.  

 Research Approach 

According to Bryman and Bell (2015), deductive theory describes the relationship 

between theory and research. The deductive approach is deducing a hypothesis based 

on the theoretical and considerations within the field. Also, the hypothesis must be 

subject to empirical scrutiny. On one hand, deductive research approach should point 

out how to collect data and develop hypothesis to build a basis for data collection. 

Theory and the hypothesis should be deduced first before the process of data gathering 

can begin. 

Additionally, in the inductive research approach, the researcher should be careful about 

the term of ‘theory’ just as when working in the deductive approach. Glaser and Strauss 

(1967) state that a grounded theory can be used for the inductive research approach for 

data analysis and theory generation. Moreover, inductive approach is a useful tool to 
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generate theories out of data. Furthermore, Bryman and Bell (2015) outline that both the 

deductive and inductive approach are thought of as tendencies not as hard-and-fast 

distinctions.  

Recently, abductive research becomes more and more popular among qualitative 

researchers and researchers increasingly use the abductive approach rather than 

deductive or and inductive research. Abductive research is often employed in the 

pragmatist tradition and involved a back-and-forth engagement between empirical data 

and theory (Bryman and Bell, 2015). According to Mantere and Ketokivi (2013), there 

are three types of reasoning in organizational research: theory-testing research, 

inductive case research and interpretive research.  

This research employs a deductive approach which is considered as suitable to answer 

the research questions of this thesis. Previous research can be used as a basis that 

together with the empirical data can be used to conduct an analysis which will solve the 

research questions and accordingly lead to a theoretical contribution as well.  

 Research Design 

Research design determines how researchers plan to answer their research question. It 

specifies the research objective, data sources as well as collection and analysis methods. 

Generally, researchers distinguish quantitative, qualitative and mixed research design.  

Quantitative research is commonly associated with positivism, but it is sometimes also 

used in interpretive, realist and pragmatist philosophies. Usually, quantitative research 

employs a deductive approach.  

Qualitative research is often conducted in an interpretive philosophy but is sometimes 

also used in realist and pragmatist philosophies. However, qualitative research is most 

likely interpretive because researchers need to interpret subjective meanings expressed 

about the study object. Qualitative research usually employs an inductive approach to 

develop theory.  

The two research designs that have been presented often result in a mixed methods 

research design. Mixed method research designs combine quantitative and qualitative 

data collection techniques and analysis tools. Realist and pragmatist philosophies are 

likely to employ mixed methods research design (Saunders, Lewis and Thornhill, 2016; 

Creswell, et al., 2014).  
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This research will employ qualitative research, which is most suitable to answer the 

research questions of “what” and “how”. This research design is also in line with the 

pragmatist research philosophy. 

 Research Purpose 

Research design needs to be aligned with the research’s purpose. The purpose of the 

research derives from the research question. There are four major purposes of research 

designs: exploratory, descriptive, explanatory and evaluative studies (Saunders, Lewis 

and Thornhill, 2016). The individual purposes will be introduced in the following.  

Exploratory studies are commonly used for open questions to explore a topic of interest. 

These studies are particularly useful when the nature of the problem is unclear. 

Furthermore, this design is used when the problem requires clarification (Malhotra and 

Birks, 2003). This research design can be characterized by its flexibility and capability 

to adjust to changes. Exploratory studies are commonly used to answer questions 

starting with ‘what’ or ‘how’ (Saunders, Lewis and Thornhill, 2016). 

The objective of descriptive studies is to accurately describe topics of interest, such as 

events, persons or situations. Descriptive research is often used in connection with 

exploratory studies or prior to explanatory research. Descriptive studies are commonly 

used to answer questions starting with ‘who’, ‘what’, ‘where’, ‘when’ or ‘how’ 

(Saunders, Lewis and Thornhill, 2016).  

Explanatory research, sometimes also known as causal research, aims at establishing 

cause-and-effect relationships between variables. Both quantitative and qualitative 

methods can be used to analyze the problem to identify independent and dependent 

variables. Explanatory research is often used to answer questions starting with ‘why’ or 

‘how’ (Saunders, Lewis and Thornhill, 2016; Malhotra and Birks, 2003). 

Evaluative studies evaluate how well something works. In the context of business 

research evaluative studies can e.g. be concerned with an assessment of business 

strategy or business processes. Evaluative studies can have a theoretical contribution 

when not only the effectiveness is analyzed but also the question why is emphasized. 

The findings can be compared with existing literature. Evaluative studies are commonly 

used to answer questions starting with ‘which’, ‘when’, ‘who’ or ‘where’ (Saunders, 

Lewis and Thornhill, 2016). 
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It is possible to combine the purposes that have been introduced above by mixing 

methods in the research design. As an alternative it is possible to employ a single 

method in a way that it serves for more than one purpose. Studies that combine different 

purposes can be referred to as combined studies.  

Therefore, this thesis employs an exploratory research design, because exploratory 

studies are commonly used for open questions to explore a topic of interest. This suits 

the two research questions of this thesis starting with ‘what’ and ‘how’. Furthermore, 

this research design reflects the exploratory nature of the research questions of this 

study. 

 Research Method 

In business research, different research methods can be found. Some authors refer to 

these as research strategy (Saunders, Lewis and Thornhill, 2016). Most common 

methods in business research are: experiment, survey, case study, ethnographic, action 

research, grounded theory and many others. As stated by Saunders, Lewis and Thornhill 

(2016) the choice of method is guided by the research questions and objectives. In the 

following, some of the most common research methods will be introduced briefly. 

Experiments have the purpose to study what effect a change of an independent variable 

has on a dependent variable by manipulating the independent variable. True field 

experiments are seldom used in business research despite the high level of trust in 

causal findings that derive from experiments. The main reason for this is that 

experiments require high level of control which can be problematic in the context of 

organizational behavior (Bryman and Bell, 2015; Saunders, Lewis and Thornhill, 2016). 

Surveys allow researchers to collect quantitative data that can be analyzed using 

descriptive and inferential statistics. Surveys commonly use questionnaires to collect 

data, however, structured observations and structured interviews can also be considered 

as data collection methods for surveys (Saunders, Lewis and Thornhill, 2016). 

Structured interviews aim for giving every interviewee exactly the same context and 

provide standardization for both questioning and collection of answers. Structured 

interviews are commonly employed in quantitative research (Bryman and Bell, 2015). 

Questionnaires are similar to structured interviews; the main difference is that 

interviewees need to read the questions themselves and note the answers themselves. 

On top of that, questionnaires usually have fewer open questions and are shorter to 
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prevent respondents from getting tired of answering questions. Structured observations 

are employed to systematically observe behavior of individuals by using formulated 

rules for the observation. The main advantage is that behavior can be observed directly 

rather than asking participants about their behavior (Bryman and Bell, 2015).  

Yin (2014) suggests a twofold definition of case study. The first part concerns the scope 

of study that can be described as an in-depth study of a phenomenon within a real-world 

environment. The second part concerns the features of case studies that can be 

described briefly as technically distinctive situations, relied on multiple data sources 

and benefit from previous theoretical propositions. The “case” can consist of a person, a 

group, an organization or even a change process (Yin, 2014). Furthermore, Yin (2014) 

distinguishes two dimensions: single case studies and multiple case studies as well as 

holistic case and embedded case studies. The difference between the different types of 

case studies can be seen in Figure 2. 

 

Figure 2 Basic types of Designs for Case Study (adopted from Yin, 2014, p. 50) 

Multiple case studies are often considered as more robust. At the same time, the 

rationale of single case studies is often considered as more satisfying which is why 

complex case studies are more likely to be single case studies. A case study that is 

concerned with an organization as a whole is referred to as a holistic case study while a 
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study that is concerned with logical sub-units can be designed as an embedded case 

study (Yin, 2014).  

Action research seeks to develop solutions to real organizational problems through an 

iterative process. Typically, action research is conducted in three stages: fact finding 

and analysis, understanding customer and project and acting on knowledge (Saunders, 

Lewis and Thornhill, 2016).  

This thesis will employ a multiple case study as research method with holistic approach, 

because this research intends to conduct an in-depth study of the problem in its real-life 

environment. In this case the individual cases will consist of companies that will be 

studied holistically.  

 Population and Sampling 

As stated by Saunders, Lewis and Thornhill (2016) it is important to define the research 

population clearly. Generally, population, target population, samples and individual 

cases can be distinguished as can be seen in Figure 3. 

 

Figure 3 Population, target population, sample and individual cases (adopted from Saunders, Lewis and Thornhill, 
2016, p. 275) 

As Figure 3 shows, the population derives from the research questions and objectives. 

By narrowing down the question further and by adding delimitations to the research 

questions the target population can be defined. Since not all cases in the target 

population can be considered a sample is drawn from the target population. The sample 

is the group of cases that will be used to gather empirical data. However, it is not 

possible to draw conclusion from the sample to the total population since the research 
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has been narrowed down to the target population. Accordingly, drawing conclusion for 

the total population may result in biased and incorrect results. 

Due to the research question and research objectives it can be stated that the population 

for this thesis consists of all companies in the manufacturing sector. The target 

population consists of all electronic manufacturers and machine manufacturers in 

Europe. Now samples have to be drawn from this target population.  

Two major sampling techniques can be distinguished, probability and non-probability 

sampling. Probability sampling is suitable for research questions that require a 

characterization of the target population from the sample based on statistical 

estimations. The probability for each case from the target population to be chosen is 

usually equal. Probability sampling is commonly associated with survey research. Non-

probability sampling is suitable for research questions that do not require a 

characterization of the target population by statistics. It may however be possible to 

generalize the findings from the sample for the target population. The probability for 

the individual cases to be chosen from the target population is not known. Non-

probability sampling is commonly associated with business research such as market 

survey research or case study research. Due to the case study research that this study 

employs, non-probability sampling is chosen.  

Four major non-probability sampling types can be distinguished as pointed out by 

Saunders, Lewis and Thornhill (2016). Quota sampling is commonly used for structured 

interviews. Purposive sampling is based on the researcher’s judgement which cases are 

most suitable to answer the research question. Volunteer sampling can be used in terms 

of snowball sampling, which is used when it is difficult to identify members of the 

target population, or in terms of self-selection sampling, which is used to allow each 

case to identify their desire to participate in the study. The last type is haphazard 

sampling where cases are selected without obvious patterns. This study will use self-

selection sampling, because it is most suitable to answer the research question and most 

practical to realize.  

Self-selection sampling requires two steps as pointed out by Saunders, Lewis and 

Thornhill (2016): 

1. Publish need for cases respectively contact potential cases. 

2. Collect data from those who respond.  
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All in all, it can be said that the total population for this thesis contains all companies in 

the manufacturing sector. The target population contains all electronic manufacturers 

and machine manufacturers that are in any of the Industry 4.0 adoption phases. This 

thesis will employ non-probability sampling, more specifically self-selection sampling. 

This sampling method is very suitable for case study research. Furthermore, this 

sampling method is easy to realize in practical. The results of the sampling can be seen 

below in Table 1. 

Table 1 Self-Sampling Results (Own illustration) 

Case Location Industry Interviewee’s Function Reference 

Case A Sweden Automotive Tightening Techniques 

Coordinator 

A-Production 

IT Project Coordinator A-IT 

Case B Germany Electronic Inhouse consulting Industry 

4.0 

B-Internal 

Customer consulting 

Industry 4.0 

B-External 

Case C Germany Machine 

Tool 

Consultant Industry 4.0 C-Consultant 

Business Developer Industry 

4.0 

C-

BusinessDeveloper 

Case D Germany Electronic Head of IT D-IT 

HR specialist D-HR 

Case E Sweden Electronic Chief Financial Officer  E-CFO 

Manager Production 

Engineering 

E-Production 

 

 Data Collection Methods 

There are different ways of collecting primary data, commonly observations, 

questionnaires and interviews are used. These will be introduced briefly in the 

following paragraphs.  

Observations are most suitable for research that seeks to analyze what people do by 

systematic viewing, recording, description and analysis as well as interpretation 

(Saunders, Lewis and Thornhill, 2016). Saunders, Lewis and Thornhill (2016) 

distinguish four observation approaches, two traditional approaches and two mediated 

approaches. Participant observation and structured observation can be considered as 

traditional while internet-mediated observation and videography can be considered as 

mediated approaches. Bryman and Bell (2015) on the other hand distinguish five types 

of observation: structured observation, participant observation, non-participant 

observation, unstructured observation and simple observation. 
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Questionnaires are commonly used to collect data when surveys are used as main 

method but can also be employed for experiments and case studies. In this thesis the 

term “questionnaire” is used in the meaning of “self-completion questionnaires” which 

means that respondents complete the questionnaire by themselves. Most common forms 

of questionnaires are mail and postal questionnaires (Bryman and Bell, 2015). 

Interviews can be used to gather valid and reliable data that is required to answer the 

research questions, but also to refine ideas when the research questions have not been 

formulated finally. The objective approach views interviewees as witnesses to reality 

while the subjective approach views data gathered from interviews as socially 

constructed. Typically, three types of interviews can be distinguished, structured 

interviews, semi-structured interviews and unstructured interviews (Saunders, Lewis 

and Thornhill, 2016; Bryman and Bell, 2015). Structured interviews employ 

standardized questionnaires and are therefore also referred to as “interviewer-completed 

questionnaires”. Semi-structured interviews employ a list of themes or some key 

questions to be asked during the interview. However, the use of interview schedule for 

semi-structured interviews may vary between the interviews. Therefore, semi-structured 

interviews are considered as non-standardized interviews. This type of interview 

enables the researcher to ask questions related to the organizational context. 

Unstructured interviews are also non-standardized, for this type of interview no 

predetermined set of questions is employed. Nevertheless, the researcher needs to have 

a clear idea about aspects that shall be explored during the interview.  

Due to the time limit this research will employ interviews. More specifically, this 

research intends to conduct semi-structured interviews since this type of interview takes 

the organizational context into consideration which is a prerequisite for case study 

research. In the frame of reference, a set of questions will be developed. These can be 

adjusted to the respective interviewees and their role in the organization. On top of that, 

semi-structured interviews enable the researcher to go more into detail whenever an 

interviewee brings up a topic that might be worth studying more in-depth to solve the 

research problem.  

 Data Analysis Methods 

As stated by Yin (2014) analyzing means examining, categorizing, tabulating, testing 

and recombining evidence to produce empirical findings. The analysis of case study 

evidence is difficult since it has not been defined very clearly, Yin (2014) therefore 
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summarizes that analysis is the least developed aspect of case study research. Many 

researchers start case studies without thinking about how to analyze the gathered data. 

Yin (2014) suggests five techniques to analyze case study evidence, these will be 

described in the following. 

The first technique described by Yin (2014) is pattern matching which compares an 

empirically based pattern to a predicted pattern that was created before data collection. 

When predicted and empirically based pattern are similar this can strengthen the case 

study’s internal validity. 

The second technique mentioned by Yin (2014) is explanation building which is mainly 

applied for explanatory case studies. The goal of this analysis method is to build an 

explanation about the case. This technique is a special type of pattern matching with 

more advanced procedures to explain causal links that explain “how” and “why” 

something happens which may be difficult to measure precisely.  

The third technique introduced by Yin (2014) is time-series analysis which seeks to 

answer questions of “how” and “why” about the relationships of events over time. Yin 

(2014) points out that chronical sequences should also include causal statements. Three 

main types of time series analysis can be distinguished: simple times series, complex 

time series and chronological sequences.  

The fourth technique suggested by Yin (2014) are logic models. These have gained 

increasing popularity during recent years, i.e. with regards to studying theories of 

change. The technique is used to operationalize a complex chain of events over time 

that are staged into cause-effect-cause-effect relationships. This means that the 

dependent variable for one stage turns into the independent variable for the next stage. 

Yin (2014) distinguished three types of logic models: individual-level logic model, 

firm- or organizational-level logic model and program-level logic model. 

The fifth technique proposed by Yin (2014) is cross-case synthesis which is only 

applicable for multiple case studies. According to Yin (2014) the analysis of multiple 

cases is likely to be easier while the findings are likely to be more robust than single 

case studies. This technique treats each case study as a separate study for the purpose of 

obtaining cross-case conclusions. Yin (2014) suggests creating word tables to 

categorize findings from the individual cases. This builds the basis to qualitatively 

analyze similarities and differences between the individual cases.  
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This thesis will employ explanation building, which is in especially suitable for the 

second research question that seeks to answer the question how conventional 

manufacturing processes need to be adjusted during industry 4.0 adoption. Since this 

study furthermore is a multiple case study a cross-case synthesis shall be conducted to 

compare the individual cases and to find similarities and differences among the cases. 

Therefore, the individual cases will first be categorized, and then cross-case conclusions 

will be drawn.  

 Research Quality 

As stated by Bryman and Bell (2015) there are three main criteria in business research: 

reliability replication and validity. These will be introduced in the following and the 

quality criteria for this research will be outlined.  

Reliability refers to whether the results of a study are repeatable. In reliable studies the 

measures used for individual concepts are consistent. The quality criterion of reliability 

is especially important for quantitative research. According to Saunders, Lewis and 

Thornhill (2016) semi-structured interviews do not indent to be repeatable since they 

reflect reality at the point in time they were obtained. However, this data collection 

method is still considered as valuable due to its flexibility that can be used to explore 

complex topics. Saunders, Lewis and Thornhill (2016) therefore conclude that it is not 

feasible to replicated qualitative, non-standardized research without impairing the value 

of this type of research. The authors recommend making the process by which 

qualitative data was obtained comprehensible for other researchers. Saunders, Lewis 

and Thornhill (2016, p. 203) present several threats to reliability: 

• Participant error: refers to any factor that alters the way in which participants 

perform. E.g. participant is in a hurry when answering a questionnaire.  

• Participant bias: refers to any factor that may lead to a false response. E.g. an 

interview that is conducted in an open space may lead to false answers.  

• Research error: refers to any factor that alters the researcher’s interpretation. 

E.g. the researcher may be too tired or insufficiently prepared and accordingly 

misunderstand the subtle meanings of the interviewee. 

• Researcher bias: refers to any factors that induces bias in the researcher’s 

recording of responses. E.g. the researcher may allow her or his own subjective 

view to come through.  
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Replicability refers to the degree to which the results of a study can be reproduced. As 

mentioned by Bryman and Bell (2015), researchers need to point out their procedures in 

great detail for their research to be replicable. Furthermore, the procedures constituting 

a measure need to be replicable by other researchers. Bryman and Bell (2015) 

furthermore state that replicability is quite rare in business research. 

Validity is concerned with the integrity of conclusions generated by research. As 

pointed out by Bryman and Bell (2015, p. 50 f.) there are different aspects of validity: 

• Measurement validity (sometimes also referred to as construct validity) applies 

mostly for quantitative research and revolves around the question whether a 

measure actually measures the concept it is supposed to measure. E.g. does IQ 

really measure variations in intelligence? 

• Internal validity is concerned with the question whether conclusion about causal 

relationships are correct. E.g. if data suggests that x causes y, how can 

researchers be certain that x caused the variation in y and not something else? 

• External validity is concerned with the question whether the findings of a study 

can be generalized beyond its specific scientific context.  

• Ecological validity is concerned with the question if scientific findings can be 

applied to people’s everyday life. 

In the following ways to overcome data quality issues of semi-structured interviews 

will be discussed. As pointed out by Saunders, Lewis and Thornhill (2016) and 

mentioned earlier it is very difficult to ensure replicability of semi-structured interviews 

since the nature of this type of data collection method is conflicting with the concept of 

replicability. However, one way to overcome this issue is to make the research 

procedures as transparent as possible. Interviewer and interviewee bias can be 

overcome by choosing the interview location wisely to make the interviewee feel 

comfortable and to ensure the interviewee feels free to respond honestly to the 

questions. Furthermore, it can be helpful to properly introduce the purpose of the 

interview to ensure that it is not mistaken for an attempt to sell something to the 

interviewee. When the research involves participants from different cultural 

backgrounds, cultural reflexivity may be helpful. Cultural reflexivity incorporates both 

reflecting upon the role as a researcher as well as reflecting on the nature of the 

relationship between the researcher and the participants to minimize any form of bias 
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that might threaten the reliability of the study. Generalizability is sometimes questioned 

when single case studies are applied, this study applies multiple case studies and 

accordingly does not face the concerns that single case studies typically face. However, 

statistical generalization about the entire population cannot be made even though 

multiple case studies are applied. As mentioned by Saunders, Lewis and Thornhill 

(2016), semi-structured interviews can achieve a high level of validity when conducted 

carefully. The authors suggest a lengthy research involvement to build trust, to use 

reflection and to check data with participants to prevent misunderstandings.  

All in all, it can be said that this research will conduct semi-structured interviews 

carefully being aware of the different threats to reliability and validity. This involves 

among others that the interviewers intend to clarify the purpose of the interview for the 

interviewee. Furthermore, the interviewers intend to choose interview locations where 

interviewees feel comfortable. Since the researchers who work on this thesis have a 

mixed cultural background, cultural reflexivity will be employed. Moreover, the 

researchers intend to check the obtained data and interpretations with the interviewees 

to prevent misunderstandings and misinterpretations.  

 Ethics 

Ethical issues occur on the different business sections and management research. The 

definition of research ethics is “research ethics addresses the question, which ethically 

relevant influences the researchers’ interventions could bear on the people with or about 

whom the researchers do their research. In addition, it is concerned with the procedures 

that should be applier for protecting those who participate in the research, if this seems 

necessary” (Flick, 2014. p 49). According to Diener and Crandall (1978), ethical issues 

can be distinguished into four main aspects: harm to participants, lack of informed 

consent, invasion of privacy, deception (Bryman and Bell, 2015). Furthermore, harm to 

participants’ aspect is the most unacceptable to people. Researchers not only have 

responsibility to evaluate the possibility of harm to their participants, but also reduce 

the harm to a minimum. Furthermore, maintaining the confidentiality of records and 

anonymity of accounts should be claimed in ethical codes (Bryman and Bell, 2015). On 

the other hand, when researchers conduct research with members of a specific setting, 

the confidentiality or anonymity can become a problem. These problems include two 

perspectives, the public outside and the readers of this report. When the researcher 

conducts interviews in the same company, or among members of a family, it is not 
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sufficient to treat the relation as confident in internal relations, but also the reader of the 

research paper should not be able to identify the company and person. To anonymize 

externally e.g. towards the readers, it is necessary to encrypt the details that include 

names, addresses, company names etc. Also, researchers should store their data in ‘a 

safe and completely secure container’ to prevent others from accessing this data (Flick, 

2014, p. 59).  

Therefore, this thesis will anonymize the interviewee’s personal information such as 

name and addresses as well as company names. Moreover, empirical data will be stored 

safely to ensure that only the researchers have access to this confidential information.  

 Summary of Methodological Choices 

The methodological choices can be summarized in the “research onion” as seen in 

Figure 4. 

 

Figure 4 Summary of Methodological Choices (adopted from Saunders, Lewis and Thornhill, 2016, p. 124) 

The research onion has been developed by Saunders, Lewis and Thornhill (2016) to 

describe the issues in connection with methodological choices such as data collection 

and analysis procedures as can be seen in Figure 4. Furthermore, the methodological 

choices are also summarized in Table 2 following the order of the subchapters of this 

methodology chapter. 
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Table 2 Summary of methodological choices (Own illustration) 

Methodology Choice 

Research Philosophy & Paradigms Pragmatism 

Research Approach  Deductive approach 

Research Design Qualitative research 

Research Purpose Exploratory research 

Research Method Multiple case study with holistic approach 

Population and Sampling Non-probability (self-selection sampling) 

Data Collection Methods Semi-structured interviews 

Data Analysis Methods  Explanation building and cross-case 

synthesis 

Research Quality Clarify purpose of interview, chose 

appropriate location, check data with 

participants, cultural reflexivity. 

Ethics Protection of interviewees through 

anonymity 

 

 Research Working Process 
This master thesis was written by John Gerhard Olsson and Xu Yuanjing who together 

developed the idea for this thesis together during fall 2017. The idea was developed 

further with support from examiner, tutor and an industry representative. At the 

beginning of the research process the authors agreed on principles of working together, 

which included positive thinking, an environment that enabled criticizing each other, 

bringing up ideas and willingness to work hard. Also, the goals and expectations 

towards the outcome of the research were discussed which showed that both authors 

had equally high expectations towards the outcome of this work. The thesis was then 

planned and outlined together, both researchers always attended the seminars that 

accompanied the writing process. 

The work within the research process, such as planning, theoretical research, 

methodological research as well as approaching case companies, empirical data 

collection and analysis, was shared equally between the two researchers. The individual 

strengths of both researchers were considered when splitting up tasks. However, despite 

the fact that work was split up both researchers were always aware of their common 

responsibility for this thesis as a whole.   
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3 Theoretical Framework 

The theoretical framework introduces the concept of Industry 4.0 which includes key 

technologies of Industry 4.0 and challenges of adopting Industry 4.0. Furthermore, the 

concept of diffusion of innovation is introduced along with the innovation process and 

the technology-organization-environment framework. On this basis the authors suggest 

a process for the adoption of technological innovation. Moreover, a maturity model for 

Industry 4.0 is suggested. Figure 5 shows the relationship between the research 

questions and the sub-chapter in the theoretical framework.  

 

Figure 5 Relationship between the research questions and the theoretical framework (Own illustration) 

 Industry 4.0 

The concept of Industry 4.0 has gained large popularity and importance since it was 

first introduced by the German government at the Hannover Fair in November 2011. 

The aim and the core of each industrial revolution is to increase productivity. As can be 

seen in Figure 6, the first industrial revolution took place when steam power was 

developed which helped to increase productivity. The second industrial revolution took 

place when electricity was used to increase productivity. The third industrial revolution 

happened when electronics and IT were used to improve productivity and efficiency 

(Tunzelmann, 2003, cited in Pereira and Romero, 2017, p. 1207).  
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Figure 6 Concepts of Industry 4.0 (DFKI, 2011, cited in Zhou, Liu and Zhou, 2015, p. 2148) 

Nowadays, Industry 4.0 is creating a new industrial field which will depend on data 

acquisition and sharing along the entire supply chain (Brettell and Friederichsen, 2014; 

European Commission, 2016; cited in Barata, et al., 2017). At the same time, Industry 

4.0 is a new method to connect the digital world with the physical world. In addition, 

Oesterreich and Teuteberg (2016) stated that Industry 4.0 can be described as “the 

manufacturing environment’s increased digitization and automation in addition to an 

increased communication enabled by the creation of a digital value chain” (Oesterreich 

and Teuteberg, 2016, cited in Pereira and Romero, 2017, p. 1209).  

According to Pereira and Romero (2017, p 1207), the term of Industry 4.0 is an 

“umbrella term for a new industrial paradigm” and it consist of Cyber-Physical System 

(CPS), Internet of Things (IoT), Internet of Services (IoS), Robotics, Big Data, Cloud 

Manufacturing and Augmented Reality. In the following two parts, the key technologies 

of Industry 4.0, as well as challenges of adopting Industry 4.0, will be introduced as a 

theoretical basis.  

3.1.1 Key technologies of Industry 4.0  

3.1.1.1 Cyber-Physical Systems (CPS) 

With regard to development of computer science and information technology, CPS can 

be considered as the most important advancement of Industry 4.0. CPS can be used to 

integrate the physical with the virtual environment, control and coordination processes 

and operations (Monostori, et al., 2016). As stated by Lee, Bagheri and Kao (2015, 

cited in Pereira and Romero, 2017, p. 1211) CPS can be defined as “innovative 
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technologies that enable the management of interconnected systems through the 

integration of their physical and computational environments”. At the same time, these 

systems can also offer and use data accessing and processes (Monostori, et al., 2016). 

In addition, CPS can be applied in several areas such as digital medical instruments and 

systems adopting automatic acquisition and control technology, distributed energy 

systems, aerospace and aircraft control, industrial control, etc. (Liu, et al., 2017).  

CPS plays an important role in many areas such as motor vehicle manufacturing, 

machinery and heavy industry, iron and steel metallurgy, energy production, transport 

and logistics since the development of CPS technology (Jiang and Li, 2014, cited in 

Zhou, Liu and Zhou, 2015). 

3.1.1.2 Internet of Things (IoT) and Internet of Services (IoS) 

As one of the latest IT developments, Internet of Things (IoT) fundamentally changed 

communication in SCM by providing human to things communication (Ben-Daya, 

Hassini and Bahroun, 2017). The term IoT was coined in 1999 and initially referred to 

the possibility of using radio-frequency identification (RFID) tags for tracking objects 

in Procter and Gamble’s supply chain. Ben-Daya, Hassini and Bahroun (2017, p. 3) 

define IoT in the context of SCM as follows: “The Internet of Things is a network of 

physical objects that are digitally connected to sense, monitor and interact within a 

company and between the company and its supply chain enabling agility, visibility, 

tracking and information sharing to facilitate timely planning, control and coordination 

of the supply chain processes”. 

As stated by Pereira and Romero (2017), the concept of Internet of Service (IoS) has 

emerged recently, it will provide new opportunities to the service industry since IoS 

provides the business and technical basis for service providers and customers to the 

service providers and customers by a business and technical foundation. Schmidt, et al. 

(2015, cited in Pereira and Romero, 2017, p. 1211) define IoS as a new business model 

that will change how services are provided and allow a higher value creation as the 

result from the relationship among supply chain partners. 

Adoption of IoT can offer new opportunities to users, manufacturers and companies in 

industrial environments and whole supply chains. It has a strong influence in different 

fields such as automation, industrial manufacturing, logistics, business processes, 

process management and transportation. Furthermore, there is a new term called 
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Industrial Internet of Things (IIoT) which means the application of IoT in industry. To 

improve modern industrial systems, IIoT applies disruptive technology such as sensors, 

actuators, RFIDS, software, control-systems, machine-to-machine, data analytics and 

security mechanisms (Mourtzis, et al., 2016). Nowadays, IoT emerges within three 

major fields which include process optimization, optimized resource consumption and 

creation of complex autonomous systems (Chui, Loffler and Roberts, 2010, cited in 

Pereira and Romero, 2017, p. 1211).   

3.1.1.3 Big Data (BD) 

Big data as technology has received increasing attention both by researchers and the 

media. (Provost and Fawcelt, 2013). Big Data refers to acquiring, storing and analyzing 

huge amount of data from different sources to increase the value added. It can therefore 

be considered as a “trending new enterprise system or platform” in this global era for all 

kinds of industries. The term “Big Data” can be defined as a new generation of 

technologies designed for organizations to extract value from large data volumes 

(Richard, et al., 2011 in, cited in Addo-Tenkorang and Helo, 2016, p. 529). McAfee, et 

al. (2012) states that Big data can be defined in terms of the ‘3Vs’, namely volume, 

velocity and variety. The volume that Big Data produces each second has already 

exceeded all data stored in the internet 20 years ago. The term data velocity refers to the 

speed of data. Variety of data includes structured and unstructured data; most available 

data is usually unstructured. Milan (2015, cited in Addo-Tenkorang and Helo, 2016, p. 

529) stated that Big Data provides opportunities in SCM as an analysis instrument for 

supply chain risks and measurement of supplier performance. The worldwide created 

and copied data volume increased by nearly nine times from 2010 to 2014 (Villars, 

Olofson and Eastwood, 2011, cited in Addo-Tenkorang and Helo, 2016, p. 528). This 

can to a large extent be seen as a result from distinctive devices employed in modern 

supply chains, such as embedded sensors, computer systems and computerized devices 

(Addo-Tenkorang and Helo, 2016). 

3.1.1.4 Cloud Manufacturing (CM) 

Another new paradigm in the field of manufacturing is Cloud Manufacturing (CM) that 

has been introduced as a concept by Li, et al. (2010, cited in Adamson, et al., 2017, p. 

347). There are many definitions of CM. Most of them describe network-based 

cooperation and capability sharing as a service among different cloud users. In addition, 

CM is the realization and provisioning of all types of manufacturing resources for the 



 

27 

product development life cycle by the adoption of Cloud Computing, IoT technologies, 

Radio Frequency Identification (RFID), sensor networks and GPS etc. (Li, et al., 2010; 

Tao, et al., 2011; Zhou, et al., 2011; Li, et al., 2011; Tao, et al., 2011; Zhang, et al., 

2010b; cited in Adamson, et al., 2017, p. 351).  

Furthermore, the main characteristics of CM is the “seamless and convenient sharing” 

to achieve the idea of Manufacturing-as-a-Service (MaaS) and sharing of different kinds 

of distributed manufacturing resources. As presented in Figure 7, the principle of CM is 

“for providers to effectively organize and encapsulate manufacturing resources and 

capabilities and make them available as services to consumers in an operator-run 

manufacturing Cloud” (Adamson, et al., 2017, p. 351).   

 

Figure 7 Cloud Manufacturing concept (Adamson, et al., 2017, p.348) 

3.1.1.5 Augmented Reality (AR) 

The aim of AR is simulation, assistance and improvement of production processes by 

an innovative and effective solution of problems before these processes can be 

implemented. AR applications include hardware and software such as head-mounted 

displays and accurate trackers (Nee, et al., 2012). 

Augmented Reality (AR) tools implemented in different phases of the product life cycle 

and have offered important contributions to all phases. In summary it can be said that 

the aim of AR applications is to augment the scene viewed by the user with additional 

information by combining the real scene viewed by the user with the virtual scene that 

has been generated by a computer (Elia, Gnoni and Lanzilotto, 2016). Figure 8 shows 

an example of AR glasses.  
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Figure 8 AR glasses (Wikimedia, 2017) 

 

3.1.1.6 Smart Factory  

Smart Factories are a future form of industrial networks and are based on collaboration 

through cyber-physical systems. According to a PWC survey (PWC 2013) 50% of 

German companies state that they are building up such networks and 20% of companies 

have begun to implement Smart Factory. Furthermore, the aim of this smart 

manufacturing networking is controlling machines and products by interaction between 

them. Most of the new factory concepts are sharing attributes of smart networking. 

Furthermore, these manufacturing solutions will create an intelligent environment 

throughout supply chains to achieve flexible and adaptive processes (Radziwon, et al., 

2014, cited in Pereira and Romero, 2017). 

Moreover, Smart Factories are composed of a new integrative real-time 

intercommunication among each manufacturing resource. This manufacturing resource 

has sensors, actuators, conveyors, machines, robots, etc. (Qin, Liu and Grosvenor, 2016; 

Kagermann, Wahlster and Helbig, 2013, cited in Pereira and Romero, 2017, p. 1209). 

Figure 9 illustrates a Smart Factory framework that includes four tangible layers: 

physical resource layer, industrial network layer, cloud layer and supervision as well as 

control terminal layer. The physical resources are smart things and can be used for 

communication through industrial networks. The cloud layer can be applied in several 

information systems such as ERP to collect massive data based on the physical resource 

layer, and then, exchange the data with people by the terminals (Schuh, et al., 2014). 

Therefore, this tangible framework can achieve free information flow in a networked 

world. Simultaneously, this framework of Smart Factory as a CPS can be used for deep 

integration of physical artifacts and information entities (Wang, et al., 2015). 
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Figure 9 A brief framework of the Smart Factory of Industry 4.0 (Wang, et al., 2015, p. 3) 

AI is a main technology for the adoption of smart factories of Industry 4.0. Tecuci 

(2012, p. 168) defines AI as “the Science and Engineering domain concerned with the 

theory and practice of developing systems that exhibit the characteristics we associate 

with intelligence in human behavior, such as perception, natural language processing, 

problem solving and planning, learn and adaptation, and acting on the environment”. 

For example, Decision support systems (DSS) are computer-based systems of AI for 

supply chain partners. DSS uses the required data, documents, knowledge and 

communication technologies for companies to solve complex problems (Power, 2002; 

Keen, 1980, cited in Kasie and Walder, 2017, p. 432).  

3.1.1.7 Summary of Key Features of Industry 4.0 

A key feature of Industry 4.0 are the three levels of integration: (1) vertical integration, 

(2) horizontal integration and (3) end-to-end digital integration. Vertical integration 

refers to the integration of IT systems, processes, resources and information flows 

throughout all departments and hierarchy levels in an organization. Horizontal 

integration refers to the integration of these elements within an organization as well as 

between the focal company and its suppliers and customers. The purpose of these two 

elements of integration is to achieve an end-to-end digital integration along the entire 

supply chain to reduce operational costs (Pereira and Romero, 2017).  

Since the concept of Industry 4.0 is rather complex the authors of this thesis created a 

visual that integrates the key concept of Industry 4.0 with the three levels of integration 

introduced above. The visual can be seen in Figure 10 and builds a good basis for a 

briefing document that can be used to introduce the concept of Industry 4.0 to 

interviewees during the data collection to achieve a common understanding of the 

concept and related terminology. 

The figure shows a triad, which means the supplier’s organization, a focal company as 

well as the customer’s organization. The visual shows the three levels of integration 
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related to Industry 4.0. Looking at the focal company, the visual shows the 

computational environment as well as the physical environment and the service 

environment. By connecting the computational environment with the physical 

environment, a cyber-physical system is created, this system can be connected to the 

internet which is then referred to as Internet of Things. When connecting the service 

environment with the computational environment the Internet of Service is created 

(Pereira and Romero, 2017). 

Furthermore, the visual includes key technologies of Industry 4.0, such as machine-to-

machine communication, robotics and Augmented Reality as well as track and trace 

with RFID symbolized by products during transportation (Mourtzis, et al., 2016; Nee, et 

al., 2012). Big Data and Cloud Manufacturing are further examples for technologies 

that integrate the computational environment and the physical environment (Richard, et 

al., 2011 in, cited in Addo-Tenkorang and Helo, 2016, p. 529; Li, et al., 2010, cited in 

Adamson, et al., 2017, p. 347). When all the key technologies are applied to full extent 

the factory on top of that is equipped with Artificial Intelligence to make decisions 

based on the collected data, this can be referred to as a Smart Factory (Schuh, et al., 

2014). 

 

Figure 10 Summary of Key Features of Industry 4.0 (Own illustration) 
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3.1.2 Challenges of adopting Industry 4.0  

After having introduced key technologies of Industry 4.0 in the previous subchapter, the 

coming subchapter deals with the challenges that come with the respective key 

technologies.  

3.1.2.1 Cyber-Physical Systems (CPS) 

According to Liu, et al. (2017), the lack of a unified theoretical framework of network 

and physical resources is the major challenge when developing CPS. Further issues can 

be found when looking at CPS standards such as noise in measurement, collection 

inaccuracy, environmental interference and failures in unified framework calculation 

process. To reduce the complexity of designing and maintaining the essence of abstract 

issues, creating a model which can easily be abstracted is essential. CPS design faces 

main issues such as scalability, robustness, performance, matching. Overall, CPS faces 

a series of problems due to its complexity, such as abstraction of real-time system, 

system robustness, component service quality and knowledge engineering, the key issue 

is how to manage the complex dynamic interaction between network systems and 

physical systems to the CPS researcher. So far, CPS cannot be used fully with existing 

technology. It should therefore be explored and researched further to make CPS more 

applicable (Liu, et al., 2017). 

3.1.2.2 Internet of Things (IoT) and Internet of Services (IoS) 

IoT is the integration of heterogeneous technologies and is used in many different areas 

such as sensing, collection, action, processing, managing, transmission, notification and 

storage of data (Hussain, 2017). Therefore, researchers face different issues and 

challenges. Hussain (2017) states that the main research issues and challenges include 

heterogeneity, interoperability, scalability, security and privacy, and quality of service 

(QoS). The following part explains the individual challenges further.  

Firstly, one of the main issues of IoT is heterogeneity since heterogonous devices are 

used in IoT such as different technologies, sensing, various software, and processing 

strategies. The cause of the heterogeneity in IoT are operation conditions, functionality, 

resolutions hardware platform, service pattern, interaction modes and adoption. 

Challenges in IoT adoption in are the use of different program languages and different 

operation systems such as Android, iOS, etc. It is difficult to follow single protocol 

standards in IoT due to the number of new applications of IoT that have been explored 

to improve human life quality. These new applications include new devices, protocols, 
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network connectivity methods and resulting application models. At the same time, there 

are different kinds of available application areas and communication technologies even 

when organizations have suitable standardized protocols. Using IoT to support different 

types of applications does not work since researchers lack appropriate resources such as 

know-how, time, and processing resources which can solve the constrained devices and 

networks (Elkhodr, Shahrestani and Cheung, 2016).   

Secondly, interoperability is one of the main challenge in IoT. There are different 

limitations to different devices such as energy constrained, communication bandwidth 

requirements, computation and security capabilities. Furthermore, IoT systems cannot 

unfold their full potential due to the lack of interoperability more than 60% of potential 

value is currently locked. (Van and Wiles 2008, cited in Elkhodr, Shahrestani and 

Cheung 2016, p. 90). 

The third challenge of IoT is scalability. To keep or increase the QoS, monitoring, 

securing, and managing the number of devices requires a proportional increase in 

resources, the IoT application should have enough ability to support the increasing 

number of integrated devices, users, application features and analytic capabilities. 

Moreover, IoT faces challenges regarding networking and communication among a 

large number of different devices (Elkhodr, Shahrestani and Cheung 2016).  

Another challenge is security and privacy in IoT. The protection of information is a 

huge challenge because of the resource-constrained nature of IoT devices. At the same 

time, the number of potential attackers increases due to global access and connection 

which means anyone can access IoT devices (Han, et al., 2016).  

The last challenge is quality of service (quality of service) in IoT applications. QoS is a 

new and unexpanded research topic. In IoT perspective, QoS has severe challenges that 

require resolution such as availability, reliability, mobility, performance, scalability, 

interoperability, security, management and trust (Kaur and Mir, 2015). Hussain (2017, 

p. 94) stated that “some of the possible solutions to provide QoS to several IoT 

applications are mentioned below: application specific QoS architecture. Designing 

efficient MAC protocol to deal with energy efficiency, throughput and delay”. 

3.1.2.3 Big Data (BD) 

Akerkar and Zicari (2014, cited in Sivarajah, Kamal and Weerakkody, 2017, p. 265) 

state that there are three major categories of the challenges in BD which are based on 
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the data life cycle: data, process and management challenges. A summary of BD 

challenges can be seen in Figure 11.  

 

Figure 11 Conceptual classification of BD challenges (Akerkar, 2014; Zicari, 2014; cited in Sivarajah, Kamal and 
Weerakkody, 2017, p. 265) 

As shown in Figure 11 data challenges concern the feature of the data itself such as data 

volume, variety, velocity, veracity, volatility, quality, discovery and dogmatism. 

Furthermore, process challenges include several techniques: how to capture data, how 

to integrate data, how to transform data, how to select the right model for analysis and 

how to provide the results. Finally, there are management challenges related to privacy, 

security, governance and ethical perspectives (Akerkar and Zicari, 2014, cited in 

Sivarajah, Kamal and Weerakkody, 2017, p. 265).  

3.1.2.4 Cloud Manufacturing (CM) 

From a historical perspective on the developments of industrial manufacturing and its 

paradigms and challenges the effects of CM can be understood (Adamson, et al., 2017). 

According to Tao, Zhang and Nee (2011), there are five main challenges that SME 

manufacturing companies face. The first challenge is complex product designs. 

Developing and designing new products requires integration of highly complex and 

advanced applications, software, services and knowledge structures. The second 

challenge is lack of follow-up service. The follow-up service is a major element to 

increased trading opportunities and additional value creation, however, companies do 

not offer that. Thirdly, many SMEs face the challenge of high sub-contracting costs, 

while the cost for the development of a new product is a significant part of the sub-
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contracting costs. Therefore, sub-contracting costs become increasingly necessary in 

SMEs since the product development becomes more and more important and complex. 

Fourth of all, SMEs face the challenge of establishing a balance among manufacturing 

orders, resources capability and capacity. The reason why SMEs cannot complete 

manufacturing orders is the lack of advanced equipment. Other companies have this 

advanced equipment but lack customer order. This problem between the resource 

provider and the resource consumers is called a resource-matching problem. The last 

challenge is lack of resource and capability sharing mode. These issues point out 

problems and difficulties for companies to be competitive while solely relying on their 

in-house resources and capabilities. To be more competitive, SMEs have to solve these 

issues based on a manufacturing paradigm like CM support services for scalable and 

economical resource sharing and coordinated collaboration (Adamson, et al., 2017). 

3.1.2.5 Augmented Reality (AR)  

There are four main challenges which include accuracy, registration, latency issues and 

AR interfacing technology in AR applications in manufacturing (Nee, et al., 2012).  

Firstly, high levels of accuracy are required for AR applications in manufacturing to 

achieve tracking and superimposition of augmented information. AR systems include 

external and internal systems. External AR systems apply GPS and internal tracking 

techniques. Internal AR systems and high level of accuracy position and orientation 

tracking are usually required for design and manufacturing activities. Internal AR 

systems comprise computer-vision, internal and hybrid tracking techniques. 

Furthermore, hybrid systems include laser, RFID and other types of sensing devices 

(Nee, et al., 2012).  

Secondly, registration is another core issue in AR. It includes two types of errors. The 

first one is referred to as static error which arises from the inaccuracy present in the 

sensory devices, misalignments between sensors, and/or incorrect registration 

algorithms. The next one is the dynamic errors that are less predictable, which can be 

due to latency problems between data streams due to off-host delay, synchronization 

and computational delays (Dong and Kamat, 2010, cited in Nee, et al., 2012, p. 671).  

Thirdly, latency issues can be considered as a major issue. According to Pasman, et al. 

(1999, p. 672), AR requires “an extremely low latency to maintain the virtual objects in 

a stable position”. Therefore, “the difference in time between the moment an observer 
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moves and the time when the image which corresponds to the new position of the 

observer” is a major source of alignment errors.  

Fourthly, AR interfacing technology. There are four main factors that need to be 

established which include target places, AR contents, tracking module and the display 

system in AR environment. AR prototyping trends and methods are comprehensive and 

were described by Kim and Dey (2010). To create an AR environment for end-user 

interaction, they provided three characteristics which consist of intuitive observation, 

informative visualization and immersive interaction, and in the development of 

Interactive Augmented Prototyping (IAP). Also, these three characteristics will 

contribute to the AR technology integration and custom-built 3D simulations 

development (Nee, et al., 2012). 

3.1.2.6 Smart Factory  

Wang, et al. (2016) identified issues of smart factories which include intelligent 

decision-making and negotiation mechanism, manufacturing specific Big Data and its 

analytics, and cyber and property security. These will be explained in the following: 

1. Intelligent decision-making and negotiation mechanism. Nowadays, autonomous and 

social capabilities are the key enablers for the adoption of a self-organized 

manufacturing system because smart machines can make decisions by themselves 

instead of being directly instructed and they can negotiate with each other and with 

smart products (Smith, 1980, cited in Wang, et al., 2016, p. 18). 

2. Manufacturing specific Big Data and its analytics. Big Data is the key technology of 

the Smart Factory and issues of the Big Data are “which data should be collected, how 

these data can be collected, how to formulate, what is the meaning and how to analyze” 

as mentioned before (Wang, et al, 2016, p. 8).  

3. Cyber and property security. Security is the most important element in the Smart 

Factory because no factory can bring the Smart Factory into service without security. 

Smart factories face issues in comparison to traditional internet applications (Qiu, et al., 

2012). All information on customers, suppliers, commercial strategies and know-hows 

are stored in the public cloud, which means the information may be disclosed by 

hackers. On the other hand, the actors in the supply chain are all connect by cloud 

which includes machines, physical objects and people. Accordingly, issues with the 
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control mechanism will lead to these objects operating in a wrong way and property 

loss (Wang, et al., 2016). 

3.1.2.7 General Challenges of Industry 4.0 adoption 

Adoption of Industry 4.0 will have a deep impact on employees in manufacturing 

companies (Bauer, et al., 2015; Kagermann, Wahlster and Helbig 2013; Bonekamp and 

Sure, 2015, cited in Julian, Daniel and Kai-Ingo, 2018, p. 7). Employees require 

qualifications to be able to apply this new technology, such as “the relevance of 

Industry 4.0-adequate personal (e.g., willingness to learn), social/interpersonal (e.g., 

creative problem solving in social settings), action-related (e.g., ability to find practical 

solutions), and domain-related competencies (e.g., understanding network technologies 

as well as data analysis and processing)” (Erol, et al., 2016, cited in Julian, Daniel and 

Kai-Ingo, 2018, p. 7). A major challenge for manufacturers is developing or sourcing 

these qualifications (Kiel, et al., 2017). 

Moreover, the acceptance of Industry 4.0 technologies by employees is a challenge in 

manufacturing (Erol, et al., 2016; Dombrowski, et al., 2014, cited in Julian, Daniel and 

Kai-Ingo. 2018, p. 8). Since Industry 4.0 is a new technology, it will cause concerns and 

anxieties among employees about “data transparency, dependency on technical 

assistance systems, and workplace safety in human machine interaction systems” 

(Heinssen, Glass and Knight, 1987; Bozionelos, 2004, cited in Julian, Daniel and Kai-

Ingo, 2018, p. 8). Therefore, companies are advised to improve the trust and solve the 

employee’s concerns and anxieties. The employee’s anxieties will have a negative 

impact on adoption of new technology. 

 Adoption of Industry 4.0  

In the following part, technological innovations will be discussed by introducing the 

model of diffusion of innovation, the innovation process as well as the context that 

innovations are facing, such as the technological, organizational and environmental 

context. Furthermore, based upon the innovation process the authors of this thesis 

suggest their own model for the adoption of technological innovation in an organization 

to answer both RQ’s. The authors moreover suggest their own maturity model for 

Industry 4.0 to be able to analyze the state of adoption of case companies.  
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3.2.1 Diffusion of Innovations 

Rogers (2003) introduced the model of diffusion of innovations in 1962 that has been 

expanded and modified somewhat over the past four decades due to further research and 

theoretical development. The framework was developed out of several studies in this 

area. Rogers (2003, p. 5) defines diffusion as follows: “Diffusion is the process in 

which an innovation is communicated through certain channels over time among the 

members of a social system”. Based upon this definition, Rogers (2003) defined four 

elements of the diffusion process: innovation, communication channels, time and a 

social system.  

Innovation refers to an idea or practice that is perceived as new by the adoption unit. 

The perceived newness of the innovation by the individual is central, since it determines 

the individual's reaction to it. Rogers (2003, p. 15 f.) explains the different rates of 

innovation adoption by perceived attributes of innovations:  

• “Relative advantage is the degree to which an innovation is perceived as better 

than the idea it supersedes”.  

• “Compatibility is the degree to which an innovation is perceived as being 

consistent with the existing values, past experiences, and needs of potential 

adopters”.  

• “Complexity is the degree to which an innovation is perceived as difficult to 

understand and use”. 

• “Trialability is the degree to which an innovation may be experimented with on 

a limited basis”. 

• “Observability is the degree to which the results of an innovation are visible to 

others”.  

Generally, it can be said that innovations that are perceived to score higher (relative 

advantage, compatibility, trialability and observability) respectively lower (complexity) 

with regards to these innovation attributes are likely to be adopted more rapidly.  

Communication channels are another important element of the diffusion process. 

Rogers (2003, p. 18) defines diffusion as a ‘particular type of communication’. 

Communication channels refer to the paths by which messages are exchanged among 

individuals. Rogers (2003) distinguishes mass media channels (effective in rapidly 
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distributing information about the innovation) and interpersonal channels (effective in 

persuading individuals to adopt an innovation).  

Time is the third element of the diffusion process and it can be measured by the relative 

earliness respectively lateness with which an innovation is adopted. Rogers (2003, p. 

280) defines five adopter categories: (1) innovators, (2) early adopters, (3) early 

majority, (4) later majority, (5) laggards. Figure 12 shows how adopters can be 

categorized based on their innovativeness. 

 
Figure 12 Adopter Categorization on the Basis of Innovativeness (Rogers, 2003, p. 281) 

As can be seen in Figure 12, the innovativeness variable is partitioned into the five 

adopter categories names above. Innovativeness refers to the time by which individuals 

adopt an innovation.  

Social systems can be described as the environment in which the diffusion process takes 

place (Bouwman, van den Hooff and van de Wijngaert, 2005, p. 8). Rogers (2003, p. 

23) defines this environment as follows: “A social system is defined as a set of 

interrelated units that are engaged in joint problem solving to accomplish a common 

goal”. On top of that, Rogers (2003) suggests that individuals can take different roles 

within these social systems. Opinion leaders provide other members of the social 

system with information and advice on innovations.  

3.2.2 The Innovation Process 

Rogers (2003) has defined the innovation process in an organization in five stages, two 

during the initiation sub process and three during the implementation sub process. 

Initiation refers to information gathering, conceptualization and planning for the 

adoption of an innovation. The result of the initiation sub process is a decision upon the 

adoption. Implementation on the other hand refers to all the activities required to put the 
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innovation to use. The innovation process including its sub processes are illustrated in 

Figure 13.  

 
Figure 13 The innovation process in an organization (adopted from Rogers, 2003, p. 421) 

As can be seen from Figure 13 the initiation sub process includes two activities, agenda-

setting and matching. Agenda-setting starts with an organizational problem that triggers 

the need for an innovation and it initiated the entire innovation process. Such an 

organizational problem can be found in a performance gap, a gap between the 

organization’s expectations and its performance. Agenda-setting in organizations 

consists of (1) identification and prioritization of organizational problems and (2) search 

for innovations as potential solutions to these problems. The next step of the initiation 

sub process is matching, which refers to fitting an organizational problem from the 

agenda with an innovation. During this stage, the organization attempts to determine 

how suitable the innovation is to solve the problem. If the organization comes to the 

conclusion that the innovation is not suitable to solve the problem, the innovation 

process is determined at this stage. If, however an innovation is considered appropriate 

to solve the problem, the sub process of implementation is initiated.  

At the third stage of redefining/restructuring the innovation is adjusted to the 

organizational needs and structures. But it is not only the innovation that is being 

adjusted, also the organization adjusts to the innovation. In some cases, new 

organizational units are put in place to adjust the organization. Radical innovations 

sometimes lead to uncertainty within an organization which results in resistance against 

the innovation. These uncertainties typically occur during the adoption of computer 

technologies. As pointed out by Walsh and Linton (2000, cited in Rogers, 2003, p. 426) 
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some innovations are so radical that they create new industries, such as e-commerce and 

lasers. 

At the clarification stage, the innovation is gradually put into use in the organization to 

clarify its meaning for the organization’s members. This stage can also be considered as 

a social process, since members of the organization gain a common understanding of 

the innovation by talking about it 

During the routinizing stage, the innovation has become incorporated into the 

organization’s activities and is no longer considered as separate from other 

organizational activities. This stage has the purpose of ensuring that the innovation 

continues to be used beyond the end of the implementation process. This stage marks 

the end of the innovation process. 

Tornatzky and Fleischer (1990) suggest a simpler process of technological innovation 

that consists of five steps: 

1. Awareness – problem 

2. Matching – selection 

3. Adoption – commitment 

4. Implementation 

5. Routinization 

The authors point out that these five stages refer to the innovation process from the 

user’s perspective and that the process looks different from the source of the innovation. 

Furthermore, Tornatzky and Fleischer (1990) stress that the routinization stage has the 

purpose of getting a common understanding of the innovation in the organization. 

As pointed out Lee and Cheung (2004, cited in Hameed, Counsell and Swift, 2012, p. 

363), Rogers’ diffusion of innovation is an individualist approach that does not consider 

organizational and environmental factors. Brancheau and Wetherbe (1990, cited in 

Hameed, Counsell and Swift, 2012, p. 363) accordingly suggest that Rogers’ diffusion 

model cannot be used to fully explain adoptions in an organization. Therefore, Hameed, 

Counsell and Swift (2012) develop their own model that seeks to be more 

comprehensive than Rogers’ well-known model. The model can be seen in Figure 14. 
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Figure 14 Conceptual model for the process of IT innovation adoption (Hameed, Counsell and Swift, 2012, p. 367) 

As can be seen in Figure 14 this model consists of three sub-processes: initiation, 

adoption decision and implementation. Initiation (also referred to as pre-adoption) 

incorporates all activities that revolve around the need for innovation, acquiring 

knowledge and awareness around the topic as well as proposing innovation for 

adoption. The next sub process, adoption decision, involves all activities that revolve 

around the decision to adopt an innovation as well as the allocation of resources to 

implement the innovation. The last sub process, implementation, revolves around 

acquiring the innovation, establishing acceptance among the user and ensuring the 

actual use of the innovation. Furthermore, this model has a major advantage compared 

to the model by Rogers (2003) which is that it incorporates external characteristics, 

more specifically innovation characteristics, organizational characteristics, 

environmental characteristics as well as user acceptance characteristics. Also, the model 

distinguishes adoption on organizational level and individual level which makes it 

easier to understand that the last steps of the adoption process revolve around 

individual’s acceptance rather than organization’s acceptance. 

Both the process suggested by Rogers’ and the conceptual process suggested by 

Hameed, Counsell and Swift (2012) miss out on the time dimension. Even though i.e. 

the process by Rogers has been widely applied in research issues have been pointed out 

by this literature review. Therefore, this thesis develops its own model for adoption of 

technological innovation based upon the models introduced from previous research and 

based upon the criticism presented above.  



 

42 

3.2.3 The Technology-Organization-Environment Framework 

Tornatzky and Fleischer (1990) suggest the technology–organization–environment 

(TOE) framework for the adoption of technological innovations. The framework 

considers three elements of innovation adoptions: technological context, organizational 

context and environmental context. These three elements influence the innovation-

adoption decision as can be seen in Figure 15. 

 

Figure 15 The technology–organization–environment framework (Adopted from Baker, 2012, p. 236) 

The technological context includes all technologies that are relevant for the firm in 

focus, both technologies that are already applied in the organization as well as those that 

are emerging. Existing technologies can be used as a measure of the pace at which the 

organization can adapt technological changes, while emerging technologies show firms 

how technology can help them to evolve.  

The organizational context relates to characteristics of an organization such as firm size, 

degree of centralization and intra-firm communication process (Tornatzky and 

Fleischer, 1990; Chau and Tam, 1997, cited in Wang, Wang and Yang, 2010, p. 805). 

The links between subunits of an organization positively influence innovation and 

thereby influence adoption and implementation. As pointed out by Baker (2012) 

previous research has found that organic, decentralized organizations with their 

emphasis on teams and lateral communication suit the adoption phase, while 

mechanistic structures with an emphasis on formal relationships and clearly defined 

roles suit the implementation phase best (Burns and Stalker 1962; Zaltman, et al., 1973; 

Daft and Becker 1978, cited in Baker, 2012, p. 234).  
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The environmental context refers to the environment in which the organization 

operates. This includes for example the industry, business partners, competitors and the 

government. These external factors can present opportunities and challenges to 

innovations. As pointed out by Baker (2012) studies have shown that intense 

competition has a positive influence on the adoption of innovation and that leading 

firms in value chains can influence their value chain partners to innovate (Mansfield 

1968; Mansfield, et al., 1977; Kamath and Liker 1994, cited in Baker, 2012, p. 235).  

A literature review by Wang, Wang and Yang (2010) shows the TOE framework has 

been used by a large number of studies focused on the adoption of technological 

innovations. The framework has been used to study both the adoption of general IT 

innovation as well as specific IT innovation. Wang, Wang and Yang (2010) used the 

framework in their study on the determinants of RFID adoption in the manufacturing 

industry. However, the authors point out two main issues of the framework: 1. it is not 

capable of pointing out the major constructs and the variables in each context. 2. 

Specific determinants within the three contexts are different among individual studies. 

However, the TOE framework is considered as a good starting point for this study 

because it provides factors that help understand the innovation-adoption process. On top 

of that, it has strong empirical support as Wang, Wang and Yang (2010) pointed out.  

Rogers (2003) theory of innovation diffusion takes external characteristics of the 

organization into consideration; accordingly, it can be considered as consistent with the 

TOE framework (Zhu, Kraemer and Xu, 2006; Zhu, et al., 2006, cited in Wang, Wang 

and Yang, 2010, p. 805). 

3.2.4 Suggested Process for the Adoption of Technological Innovation 

As has been pointed out earlier during this literature review, previous processes 

suggested for the adoption of innovations have been subject to criticism. Central 

elements have not been considered by previous models, such as the time dimension and 

the technological, organizational and environmental context as suggested by Tornatzky 

and Fleischer (1990). Therefore, the process suggested by Rogers (2003), the process 

suggested by Tornatzky and Fleischer (1990) as well as the process suggested by 

Hameed, Counsell and Swift (2012) have been used as a basis to create a new model. 

On top of that the TOE framework suggested by Tornatzky and Fleischer (1990) has 

been taken into consideration. The model suggested by the researchers of this thesis can 

be seen in Figure 16 and depicts one of the theoretical contributions of this thesis. It is 
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important to mention that the suggested model refers to the adoption of technological 

innovation and does not depict a general problem-solving cycle. It is assumed that no 

existing solution was suitable to solve the problem which is why innovation is required. 

 

Figure 16 Model for adoption of Technological Innovation (Own illustration) 

As can be seen in Figure 16, the suggested model includes five steps and is divided into 

three sub processes: preparation, adoption decision and realization. Preparation 

revolves around all the activities that need to be done before the adoption decision. The 

process of adoption starts with an organizational problem that has be defined. The 

activity of problem definition incorporates awareness of the problem and defining the 

problem. Once the problem is properly defined the activity of selection can start which 

incorporates defining the requirements for potential solutions to the problem. It is 

assumed that existing solution were not suitable which is why innovation is required. 

The next sub process is the adoption decision which includes the activity of decision 

making. The activity includes acquisition of required resources and deciding on an 

alternative based on requirements and the evaluation of alternatives. Once a decision is 

made the last sub process of realization starts. The first activity is implementation 

which requires an adjustment of the innovation to the organizational characteristics and 

vice versa. Furthermore, the innovation is gradually implemented into the 

organizational. The gradual implementation should also be evaluated to see potentials 

for improvements. Once the innovation is fully implemented the activity of routinizing 

starts which includes creating a common understand of the innovation in the 
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organization and to ensure that the innovation is used in day-to-day work even after the 

implementation is completed. 

For the purpose of simplication the model is illustrated as a straight process, however, it 

may be necessary to include some back loops. In case an innovation is rejected during 

the decision activity, it might be necessary to go back to the selection step and change 

requirements. Another loop back to the selection might be necessary after the 

implementation activity in case the evaluation shows that the innovation actually was 

not capable of solving the problem. The last loop might be required after the routinizing 

step in case it appears that the innovation is not used in day-to-day work. In this case it 

might be necessary to redefine requirements to adopt an innovation that is used on a 

regular basis.  

The model furthermore shows that the first four activities occur on organizational level 

while routinizing happens on individual level which points out that individuals have a 

powerful role when it comes to how successful an innovation can be when it is 

implemented in an organization. 

Furthermore, this model considers the TOE framework by Tornatzky and Fleischer 

(1990) that suggests that the technological, organizational and environmental context 

influence technological innovation decision making. This framework has been 

transferred to the entire adoption process since these three contexts influence all 

activities involved.  

One of the major issues of the models suggested by previous researchers is that the time 

dimension was missing. This model includes an arrow that shows that the individual 

steps of the suggested process need to be done over time and that the individual steps 

have been presented in chronological order from left to right.  

3.2.5 Suggested Maturity Model for the Adoption of Industry 4.0  

Since the level of maturity of Industry 4.0 adoption is likely to influence the challenges 

that case companies perceive, a model for maturity level has been developed by the 

authors of this thesis that can be used to categorize the case companies. The model is 

part of the theoretical contribution of this thesis and it can be used in the analysis when 

considering the challenges that companies have experienced at different stages of 

maturity. The maturity model which can be seen in Table 3 integrates different 
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technological concepts and four different levels of maturity into a common maturity 

model. The four maturity levels are beginner, intermediate, experienced and expert. The 

level of maturity depends on the state of adoption of Industry 4.0 key technologies 

which have been introduced earlier in this chapter. The maturity model in connection 

with the empirical part provides an overview on the adoption of Industry 4.0 in the 

manufacturing processes of the respective companies. 

Table 3 Maturity model for the adoption of industry 4.0 in the manufacturing process (Own illustration) 
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4 Frame of Reference 

This chapter contains the research model for this thesis that explains how the research 

was conducted. Furthermore, central concepts presented in the theoretical framework 

will be operationalized in this section.  

 Research Model 

The research model for this thesis is presented in Figure 17 and shows the three main 

elements theory, empiricism and analysis.  

 

Figure 17 Research Model (Own illustration) 

Theory builds the basis and contains theoretical contributions with the suggested 

adoption process as well as the suggested maturity model. Empiricism summarizes the 

five parts for which empirical data has been gathered from five case companies as part 

of the multiple case study. The empirical data is then analyzed based on the theoretical 

concepts to answer the research questions. The analysis firstly analyzes the maturity of 

Industry 4.0 technologies in the respective case companies. Then the challenges of 

Industry 4.0 adoption are analyzed within each case and across cases to answer the first 

research question. Furthermore, the adjustment of conventional manufacturing 

processes is analyzed within each case and across the cases to answer the second 

research question.  

 

  



 

48 

 Operationalization 

The operationalization can be split up into three parts: the first part is concerned with 

the key technologies of Industry 4.0. Then, innovations and their context are 

operationalized. Subsequently, possible challenges identified by previous research need 

to be operationalized.  

Table 4 shows the operationalization table for Industry 4.0 and the technologies that 

belong to this concept. 

Table 4 Operationalization of Industry 4.0 and associated key technologies (Own illustration) 

 

First the concepts are defined and then operationalized by formulating questions that are 

appropriate to measure which of the concepts are being applied in the respective 

companies. The last column provides criteria that need to be fulfilled to state that a case 

company applied the individual concepts.   
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In the following the concept of innovation and their contexts will be operationalized.  

Table 5 Operationalization of innovations and their contexts (Own illustration) 

 

Table 5 operationalizes the concepts of innovation and their contexts by providing 

definitions. The next column operationalizes the individual concepts and the last 

column provides criteria to categorize the case companies’ respective potential 

challenges.  
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The following table contains the operationalization of challenges of adopting Industry 

4.0.  

Table 6 Operationalization of key challenges to Industry 4.0 adoption (Own illustration) 

 

Table 6 categorizes potential challenges according to the TOE framework by Tornatzky 

and Fleischer (1990). Furthermore, it operationalizes the respective challenges. 
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5 Empirical Description 

In the following section, the case companies will briefly be introduced, furthermore, the 

interviewees are characterized which makes the research more transparent. Above that 

a summary of empirical findings will be presented for each case. More detailed 

empirical data can be found in Appendix B. 

 Case A 

The first case is a Swedish manufacturer of commercial vehicles, more specifically 

heavy trucks and buses. The case is restricted to the manufacture of driver cabins for 

internal customers.  

The manufacturer is located in Sweden and produces a relatively low number of 

different models that through customization add up to a relatively high number of 

variants.  

The manufacture of truck cabins is an advanced process that is divided into five 

workshops: press workshop, body workshop, basic painting, coat paint and assembly 

workshop. The first four workshops are highly automated, partly for health and security 

reasons and partly to enhance quality and optimize costs. Due to the high degree of 

standardization the processes in the first four workshops are relatively easy to automate. 

Assembly processes are rather difficult to optimize due to the high degree of 

customization that requires manual labor.  

As can be seen in Table 7 two interviews were conducted for this case.  

Table 7 Overview interviewees case A (Own illustration) 

 

Summary of empirical findings case A 

The manufacturer has chosen to adopt Industry 4.0 to its production for the purpose of 

increasing quality and reducing personal health and safety risks of workers. The current 

state of the manufacturer’s Industry 4.0 adoption can be assessed as relatively high (A-

Production; A-IT) even if the manufacturer is still in the middle of its Industry 4.0 

adoption process. Currently, the case company works with the adoption of a new 

manufacturing execution system (MES) to have a standardized system for all 
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production sites (A-IT). This system will make it easier to connect further devices in the 

assembly workshop for the purpose of data collection, process monitoring and 

improvement. Furthermore, the new system will reduce the amount of paper on the shop 

floor to support the company’s efforts to work towards a paperless factory. The case 

company considers organizational challenges as most crucial with regards to Industry 

4.0 adoption. It is critical to make sure that the individuals in the organization 

understand what the concept of Industry 4.0 is and how it works and can contribute to 

quality improvements and cost savings.  

 Case B 

The second case is a German engineering and electronics company that manufactures 

automotive components, industrial products and building products.  

The manufacturing site is located in Germany and has emphasized the work with 

Industry 4.0 over the past years. It has even opened a new business unit for connected 

industries.  

As can be seen in Table 8 two interviews were conducted for this case.  

Table 8 Overview interviewees case B (Own illustration) 

 

Summary of empirical findings case B 

The case company has chosen to adopt Industry 4.0 to become both lead supplier and 

lead user of Industry 4.0 technologies. As lead user the company aims for a connected 

value chain that connects plants, customers and suppliers. As lead supplier the company 

aims to be the leading supplier of Industry 4.0 solutions on the market. Due to the user-

supplier dualism, the plants of this company also serve as a test site for field trials of 

their industry 4.0 solutions. The case company considers its production lines as aligned 

with Industry 4.0 due to consequent Lean optimization (B-Internal). As stated by B-

Internal the factories of the case company are already paperless, B-External furthermore 

mentioned that some customers approach the case company specifically to ask for help 

to create a paperless factory. The current state of the organization’s Industry 4.0 

adoption can be assessed as rather advanced (B-Internal; B-External). As stated by B-

Internal the first three steps of the adoption of technological innovation model have 
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already been completed. Currently, the company is working on implementation and 

routinizing of its Industry 4.0 solutions. As stated by B-Internal the purpose of the 

company’s Industry 4.0 adoption is to achieve the optimal mix of quality, costs and 

time.  

 Case C 

The third case is a German company that is one of the world’s biggest providers of 

machine tools. The company is divided into two divisions, machine tools and laser 

technology.  

The manufacturer is located in Germany and has emphasized the work with Industry 4.0 

over the past years by creating a department that is specialized on connected industry 

solutions for customers. When it comes to Industry 4.0 this case company both provides 

technical solutions but also the service of consulting customers to help them find the 

ideal solutions for their situation.  

As can be seen in Table 9 two interviews were conducted for this case.  

Table 9 Overview interviewees case C (Own illustration) 

 

Summary of empirical findings case C 

The case company has chosen to adopt Industry 4.0 to improve the magic triangle of 

quality, cost and time in its manufacturing. The interviewees mention that from their 

point of view Industry 4.0 is about increasing transparency to achieve a good shop floor 

management. Furthermore, the company applies Lean Management principles which it 

considers to be a basis for Industry 4.0 adoption (C-BusinessDeveloper; C-Consultant). 

The case company has quantified its goal of increasing its efficiency in manufacturing 

by 6 percent each year. The goal was established around 5 years ago and has so far been 

achieved. The company is also a paperless factory which it does not consider as a goal 

as such but rather as a means to achieve its efficiency goal. (C-Consultant). At this point 

in time, the company has more than 30 projects that are dealing with digital 

transformation towards Industry 4.0. In the course of its Industry 4.0 adoption the 

company has also faced some failures which were caused by poor selection decisions 

(C-BusinessDeveloper). 
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 Case D 

The fourth case is a German developer and manufacturer of electronic components, the 

case company offers a wide range of products from simple components to complete 

system solutions.  

The manufacturer is located in Germany and is specialized on circuit board-based 

system solutions, i.e. for distribution of power and signals, electronic control, display 

and control panels. Most customers come from industry, construction and agriculture 

machinery but also automotive industry relies on the range of products offered by the 

case company. Since the case company manufactures in Germany, a high-wage country, 

it is important for the company to have efficient processes to maintain its 

competitiveness.  

As can be seen in Table 10 two interviews were conducted for this case. 

Table 10 Overview interviewees case D (Own illustration) 

 

Summary of empirical findings case D 

The case company has chosen to adopt Industry 4.0 to its production for the purpose of 

getting better quality and reducing cost. Also, the case company aims for higher 

traceability and increasing transparency both internally and externally. The company 

applies Lean Management principles consequently in its production and follows the 6S 

principles that have been developed based on the Japanese 5S principles. Moreover, the 

company has moved away from paper instruction in the manufacturing process towards 

a paperless factory. Furthermore, the company collects data all over its production and 

uses Big Data approaches to improve its production processes (D-IT).  

 Case E 

The last case is a Swedish designer and manufacturer of industrial control systems, test 

systems, and cabling. The company operates in Sweden, China, and India and currently 

has around 250 employees. 

The company is located in the Swedish region “Småland” and is specialized on 

designing and manufacturing Industrial Control Systems on demand. Furthermore, the 

company produces wiring harnesses that are used both as an integral part of Industrial 
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Control Systems as well as totally individual components. The company also produces 

test systems on a range from basic testers to highly complex test systems. These 

systems are customized, and it is possible to integrate them with the customer’s ERP 

system which improves the customer’s lean production system, quality assurance and 

traceability.  

As can be seen in Table 11 two interviews were conducted for this case. 

Table 11 Overview interviewees case E (Own illustration) 

 

Summary of empirical findings case E 

The case company stated in the preliminary talk that it did not work with Industry 4.0 so 

far but was interested in discussing the topic anyways with the researchers of this thesis. 

The interview showed that the company has only few machines in its manufacturing 

with a rather low degree of automatization. However, these machines are equipped with 

sensors that collect data that can be analyzed to optimize production processes. 

Furthermore, the company designs and manufactures test systems for its customers that 

are able to communicate with the customers ERP system. Currently, the company is 

evaluating the possibility of adopting Industry 4.0 technologies to increase the 

efficiency of its manufacturing. The company stated that its products are produced in 

rather low volumes which was seen as a main reason not to implement Industry 4.0 

technologies to a larger extent (E-CFO; E-Production).  
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6 Analysis 

In this chapter the empirical data gathered will be analyzed based on the presented 

theory. First, the maturity of Industry 4.0 technologies in the respective case companies 

will be analyzed as a basis. Secondly, the challenges of adopting Industry 4.0 will be 

analyzed both within the cases and between the cases to answer the first research 

question. Thirdly, it will be analyzed how conventional manufacturing processes need 

to be adjusted for successful Industry 4.0 adoption to answer the second research 

question. An outline of the analysis can be seen in Figure 18. 

 

Figure 18 Analysis outline (Own illustration) 

 Maturity Model, Innovativeness and Adoption Process 

Since the different levels of maturity face different challenges this chapter starts by 

analyzing the maturity of the case companies based on the suggested maturity model 

from the theory chapter. Therefore, it will be analyzed how mature the individual 

Industry 4.0 technologies are in the case companies. Furthermore, the case companies 

will be analyzed based on their innovativeness and  the suggested Industry 4.0 adoption 

process.  

6.1.1 Case A  

As stated in the theory chapter, CPS is a major topic in computer science and 

information technology but also an important and innovative technology of Industry 

4.0. (Monostori, et al., 2016). In case A, the company applied programmable logic 

controllers (PLC) for each production line that monitor information from sensors and 

controllers in real-time (A-Production). In case, A most machines and systems can be 

controlled through automation. Therefore, it can be stated that CPS is level 3 (early 
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majority) according to the maturity model, innovativeness and in the implementation 

step of the adoption process.  

Changed communication in SCM by providing human to things communication is one 

of the essential functions of IoT (Ben-daya, Hassini and Bahroun, 2017). IoT is a 

fundamental support technology in this case since this company has RFID tags on each 

cabin. The case company plans to develop this further, e.g. by building up a location 

system or geofencing system and wants to be able to monitor the status of each 

machine. Furthermore, the case company is capable of monitoring the status of its 

production line from a distance (A-Production). Since machines (and systems) are to 

some extent interoperable, it can be stated that CPS is level 2 (late majority) according 

to the maturity model and Rogers’ categorization of innovativeness as well as in the 

decision step of the adoption decision process.   

According to Richard, et al. (2011), Big Data has a big contribution to acquiring, 

storing and analyzing huge amounts of data from different sources to get more value-

additions to the company. However, Big Data is just getting started in this case because 

the company uses data obtained from machines and sensors to be analyzed manually 

since this is not automated at this point in time (A-Production). Since data is collected 

manually when required, Big Data in this case can be identified as Level 1 (laggards) 

according to the maturity model and Rogers’ categorization of innovativeness as well as 

in the decision step of the adoption decision process. 

In this case, the company plans to implement Cloud Manufacturing. This company will 

release a new MES system in the next step (A-Production). Since Cloud solutions are 

not in use CM can be identified as Level 1 (laggards) according to the maturity model 

and Rogers’ categorization of innovativeness as well as in the decision step of the 

adoption decision process. 

Augmented Reality has not been used in this case yet. This company seeks to replace 

pick-by-light systems by AR-glasses as the next step in their pick processes. Since 

Augmented Reality Glasses or Displays are not is use, it can be seen that AR in this 

case is identified as Level 1 (laggards) according to the maturity model and Rogers’ 

categorization of innovativeness as well as in the decision step of the adoption decision 

process. 
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According to Wang, et al. (2016), Smart Factory of Industry 4.0 consists of IoT, Big 

Data, Cloud computing and Artificial Intelligence (AI). Furthermore, A-Production 

agrees that a Smart Factory is an intelligent environment throughout supply chains to 

achieve the performance of flexible and adaptive processes, which is align with the 

definition that is employed for this thesis. Also, A-Production mentioned that the main 

difference between CPS and Smart Factory is about AI and robotics. In some parts of 

their production processes, the case company has introduced robots instead of humans, 

therefore, it can be stated that Smart Factory is Level 2 (late majority) and in the 

decision step of adoption process in case A. 

Overall, the maturity of the case company can be assessed as level 2 (Intermediate) 

which indicates that the company is part of the late majority of Industry 4.0 adoption 

based on Rogers’ categorization of innovativeness. Table 12 provides a summary of the 

maturity and adoption in case A. 

Table 12 Maturity, Innovativeness and Adoption in Case A - Summary (Own illustration) 

 Maturity Level Adoption of technological 

innovation 

Innovativeness 

CPS Level 3 Most machines and 

system infrastructures can be 

controlled through automation 

Realization: implementation 

step (Organizational level) 

Early Majority 

IoT Level 2 Machines (and systems) 

are to some extent interoperable 

Adoption decision: decision step 

(Organizational level) 

Late Majority 

Big 

Data 

Level 1 Data is collected 
manually when required, e.g. 

sampling for quality control 

Preparation: problem definition 

step (Organizational level) 

Laggard 

CM Level 1 Cloud solution are not in 

use 

Preparation: problem definition 

step (Organizational level) 

Laggard 

AR Level 1 Augmented Reality 

Glasses or Displays are not in use 

Preparation: problem definition 

step (Organizational level) 

Laggard 

Smart 

Factory  

Level 2 Some part of production 

line use robots and AI  

Adoption decision: decision step 

(Organizational level) 

Late majority 

Industry 

4.0 

Level 2: small parts of all 

Industry 4.0 technologies are in 

use  

Adoption decision: decision 

step (Organizational level) 

Late majority 

6.1.2 Case B  

According to B-Internal, this company has connected its machines and tools to a cyber-

physical system and line supervisors can monitor information collected by machines 

and sensors due to the connection to the production systems. Therefore, it can be seen 

that CPS in this case is identified is Level 4 (innovators) according to the maturity 
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model and Rogers’ categorization of innovativeness as well as in the decision step of 

the adoption decision process. 

Furthermore, the company can not only track the location of goods but also 

environmental conditions such as humidity or vibration. Moreover, some machines will 

tell the line supervisor when they need planned maintenance. Therefore, it can be stated 

that IoT is level 4 (innovators) according to the maturity model and Rogers’ 

categorization of innovativeness as well as in the decision step of the adoption decision 

process. 

As stated by B-Internal the case company uses big data to optimize its production to 

reduce failure rates by the use of collected data. Therefore, it can be stated that BD is 

Level 4 (innovators) according to the maturity model and Rogers’ categorization of 

innovativeness as well as in the decision step of the adoption decision process. 

Cloud Manufacturing can be described as network-based cooperation and capability 

sharing as a service among different cloud users. A core feature of CM is the “seamless 

and convenient sharing” (Adamson, et al., 2017). Case B uses cloud-based systems to 

connect their plants and to monitor them in real-time, the company uses cloud solution 

for some parts of its production processes. Therefore, it can be stated that CM is Level 3 

(early adopters) according to the maturity model and Rogers’ categorization of 

innovativeness as well as in the decision step of the adoption decision process. 

According to Nee, et al. (2012), AR applications consist of hardware and software such 

as head-mounted displays and accuracy trackers. The benefit of AR is that it improves 

performance in terms of shorter lead times and process quality (Souza, Sacco, and 

Porto, 2006; Luh, Wang, Chang, Chang, and Chu, 2013, cited in Elia, Gnoni and 

Lanzlotto, 2016). Case company B offers AR glasses as a tool for car manufacturers to 

make maintenance easier but do not use them in manufacturing or assembly lines. 

Therefore, it can be stated that AR is level 3 (early adopters) according to the maturity 

model and Rogers’ categorization of innovativeness as well as in the decision step of 

the adoption decision process. 

Furthermore, Smart Factory of Industry 4.0 consist of all above technologies. The 

company uses predictive analysis and conducts predictive maintenance to prevent 

machines from breaking down. Therefore, it can be stated that Smart Factory is level 4 
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(innovators) according to the maturity model and Rogers’ categorization of 

innovativeness as well as in the decision step of the adoption decision process. 

Overall, the maturity of the case company can be assessed as level 4 (expert) which 

indicates that the company is part of the late majority of Industry 4.0 adoption based on 

Rogers’ categorization of innovativeness. Table 13 provides a summary of maturity and 

adoption in case B. 

Table 13 Maturity, Innovativeness and adoption in Case B – Summary (Own illustration) 

 Maturity Level Adoption of technological 

innovation 

Innovativeness 

CPS Level 4 Machines and systems 

can be controlled completely 

through automation 

Realization process: routinizing 

step (Individual level) 

Innovators 

IoT Level 3 Machines (and 

systems) are partially 

integrated 

Realization process: 

implementation step 

(Organizational) 

Early adopters 

Big 

Data 

Level 4 Comprehensive 

automated digital data 

collection and analysis across 

the entire process 

Realization process: routinizing 

step (Individual level) 

Innovators 

CM Level 3 Pilot solutions 
implemented in some areas of 

the business 

Realization process: 
implementation step 

(Organizational) 

Early adopters 

AR Level 3 Augmented Reality 

Glasses or Display used for 

some areas 

Realization process: 

implementation step 

(Organizational) 

Early adopters 

Smart 

Factory  

Level 4 All of CPS, IoT, Big 

data, CM, AR are in use 

Realization process: routinizing 

step (Individual level) 

Innovators 

Industry 

4.0 

Level 4: all Industry 4.0 

technologies are in use 

Realization process: routinizing 

step (Individual level) 

Innovators 

6.1.3 Case C 

The company has a high level of maturity with regards to CPS and IT infrastructure, for 

instance with regards to their ERP system and MES system. Furthermore, all machines 

are connected and are able to communicate on the shop floor. Line supervisors can 

monitor information from machines, sensors and controllers in the production line 

through an app and the intranet (C-Consultant). Therefore, it can be stated that CPS is 

level 4 (innovators) according to the maturity model and Rogers’ categorization of 

innovativeness as well as in the decision step of the adoption decision process. 

Concerning IoT, the company uses data matrix codes to track sheet metal throughout 

the production line. Parts of their machines tell them when they need maintenance, most 

machines require planned maintenance. Furthermore, all information from the status of 
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the production line can be monitored from a distance. The case company is currently 

developing indoor tracking solutions (C-Consultant). Therefore, it can be stated that IoT 

is level 3 (early adopters) according to the maturity model and Rogers’ categorization of 

innovativeness as well as in the decision step of the adoption decision process. 

At the same time, Big Data plays a major role in this case. Based on the data obtained 

from various machines and sensors, this company monitors KPIs to constantly improve 

its productivity. However, the analysis requires improvements because it is not 

automated yet (C-Consultant). Therefore, it can be stated that BD is level 3 (early 

majority) according to the maturity model and Rogers’ categorization of innovativeness 

as well as in the decision step of the adoption decision process. 

Cloud Manufacturing was also well implemented as one of the Industry 4.0 

technologies in this case. Their systems are cloud based to exchange crucial information 

in the manufacturing process such as drawings (C-Consultant). Therefore, it can be 

stated that CM is level 4 (innovators) according to the maturity model and Rogers’ 

categorization of innovativeness as well as in the decision step of the adoption decision 

process. 

The case company uses AR solutions to support service technicians with maintenance 

(C-Consultant). Therefore, it can be stated that AR is level 3 (early adopters) early 

adopters according to the maturity model and Rogers’ categorization of innovativeness 

as well as in the decision step of the adoption decision process.  

This company uses predictive analysis for their laser machines in a pilot stage and this 

part is still in development (C-Consultant). Therefore, it can be stated that Smart 

Factory is level 4 (innovators) according to the maturity model and Rogers’ 

categorization of innovativeness as well as in the decision step of the adoption decision 

process. 

Overall, the maturity of the case company can be assessed as level 4 (expert) which 

indicates that the company is part of the late majority of Industry 4.0 adoption based on 

Rogers’ categorization of innovativeness. Table 14 provides a summary of maturity and 

adoption in case C. 
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Table 14 Maturity, Innovativeness and adoption in Case C – Summary (Own illustration) 

 Maturity Level Adoption of technological 

innovation 

Innovativeness 

CPS Level 4 Machines and systems 

can be controlled completely 

through automation 

Realization process: routinizing 

step (Individual level) 

Innovators 

IoT Level 3 Machines (and systems) 

are partially integrated 

Realization process: 
implementation step 

(Organizational) 

Early adopters 

Big Data Level 3 Comprehensive digital 

data collection and analysis in 

multiple areas 

Realization process: 

implementation step 

(Organizational) 

Early majority 

CM Level 4 Multiple solutions 

implemented across the business 

Realization process: routinizing 

step (Individual level) 

Innovators 

AR Level 3 Augmented Reality 

Glasses or Display used for the 

entire process 

Realization process: 

implementation step 

(Organizational) 

Early adopters 

Smart 

Factory  

Level 4 All of CPS, IoT, Big 

data, CM, AR are in use 

Realization process: routinizing 

step (Individual level) 

Innovations 

Industry 

4.0 

Level 4: all Industry 4.0 

technologies are in use 

Realization process: routinizing 

step (Individual level) 

Innovations 

6.1.4 Case D 

Machine communication is rather mature in this company, it can therefore be said that 

the machine communication is very efficient in this case. They control their machines 

by the serial numbers of the products (D-IT). Also, D-IT mentioned that the company is 

on its way to a paperless factory which why instructions have been changed from paper 

to other media. Therefore, it can be stated that CPS is level 3 (early majority) according 

to the maturity model and Rogers’ categorization of innovativeness as well as in the 

decision step of the adoption decision process. 

Furthermore, the company not only provides displays, terminals and computers, but 

also new devices and mobile clients to its production line. The company plans to apply 

laser systems to increase transparency of the production process and enhance the 

traceability of products. All information about the status of the production line can be 

monitored from a distance. Therefore, it can be stated that IoT is level 3 (early majority) 

according to the maturity model and Rogers’ categorization of innovativeness as well as 

in the decision step of the adoption decision process. 

According to D-IT, the company has started to work with some Big Data approaches to 

collect data to improve its production processes such as laser systems but also to use the 

data to exchange information with customers. The manufacturing has achieved an 
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increased transparency by saving data during the production processes. Therefore, it can 

be stated that Big Data can be classified as level 3 (early majority) based on the 

maturity model, and is in the implementation step of the adoption process.  

This company has been able to increase transparency by installing KPI dashboards that 

constantly show information on quality, productivity, output, 6S and other real-time 

data in the manufacturing process. Therefore, it can be stated that CM is level 2 (late 

majority) according to the maturity model and Rogers’ categorization of innovativeness 

as well as in the decision step of the adoption decision process. 

In this case, there is no AR, robots or AI, however, D-IT stated that the company plans 

to work with machine learning but rather as a tool for sales prognosis instead of a tool 

for manufacturing. Smart Factory is level 3 in the maturity model, and in the 

implementation step of the adoption process. Therefore, it can be stated that AR is level 

1 (laggards) according to the maturity model and Rogers’ categorization of 

innovativeness as well as in the decision step of the adoption decision process.  

Overall, the maturity of the case company can be assessed as level 4 (expert) which 

indicates that the company is part of the late majority of Industry 4.0 adoption based on 

Rogers’ categorization of innovativeness. Table 15 provides a summary of maturity and 

adoption in case D. 

Table 15 Maturity, Innovativeness and adoption in Case D – Summary (Own illustration) 

 Maturity Level Adoption of technological 

innovation 

Innovativeness 

CPS Level 3 Most machines and system 

infrastructures can be controlled 

through automation 

Realization: implementation 

step (Organizational level) 

Early majority 

IoT Level 3 Machines (and systems) are 

partially integrated 

Realization: implementation 

step (Organizational level) 

Early majority 

Big 

Data 

Level 3 Comprehensive digital data 

collection and analyze in multiple 

areas 

Realization: implementation 

step (Organizational level) 

Early majority  

CM Level 2 Initial solutions planned for 

cloud-based software, data storage 

and data analysis 

Preparation: problem definition 

step (Organizational level) 

Late majority 

AR Level 1 Augmented Reality Glasses 

or Displays are not in use 

Preparation: problem definition 

step (Organizational level) 

Laggards 

Smart 

Factory  

Level 3 Some part of CPS, IoT, Big 

data, CM, AR and AI are in use 

Adoption decision: decision 

step (Organizational level) 

Late majority 

Industry 

4.0 

Level 3: some parts of all Industry 

4.0 technologies are in use 

Adoption decision: decision 

step (Organizational level) 

Late majority 
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6.1.5 Case E 

This company is in the very early stages of its Industry 4.0 adoption. However, the case 

company plans to adopt Industry 4.0 since they face the issue that around 65% of its 

total costs are material costs and 35% of total costs are labor costs. Therefore, the 

company wants to adopt Industry 4.0 to use its material resources more efficiently.  

Since the company wants to increase its standardization between plants and share 

information easier, the company considers purchasing a new ERP system. E-CFO and 

E-Production state that it might be necessary to introduce some older technologies that 

are more or less standard today in many organizations before they start introducing 

Industry 4.0. Furthermore, the company stores information on batches because they are 

not yet able to follow individual products in their production. However, the case 

company stores more detailed information on the final product tests before the products 

are sent to the customer. Therefore, every single product is given a serial number that 

enables collecting and storing data on item level.  

All in all, based on the information from E-CEO and E-Production, it can be stated that 

Industry 4.0 is Level 1 (beginner) based on the maturity model and in the problem 

definition stage of the adoption process. Table 16 provides a summary of maturity and 

adoption in case E. 

Table 16 Maturity, Innovativeness and adoption in Case E – Summary (Own illustration) 

 Maturity Level Adoption of technological 

innovation 

Innovativeness 

CPS Level 1 Few machines can be 

controlled through automation 

Preparation: problem definition 

step (Organizational level) 

Laggards 

IoT Level 1 Machines (and systems) 

have no M2M capability 

Preparation: problem definition 

step (Organizational level) 

Laggards 

Big 

Data 

Level 1 Data is collected manually 

when required, e.g. sampling for 

quality control 

Preparation: problem definition 

step (Organizational level) 

Laggards 

CM Level 1 Cloud solution are not in 

use 

Preparation: problem definition 

step (Organizational level) 

Laggards 

AR Level 1 Augmented Reality Glasses 

or Displays are not in use 

Preparation: problem definition 

step (Organizational level) 

Laggards 

Smart 

Factory  

Level 1 CPS, IoT, Big data, CM, 

AR and AI are not in use 

Preparation: problem definition 

step (Organizational level) 

Laggards 

Industry 

4.0 

Level 1:  All Industry 4.0 

technologies are not in use 

Adoption decision: decision step 

(Organizational level) 

Laggards  
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 Challenges of Industry 4.0 Adoption 

This subchapter focuses on the challenges of Industry 4.0 adoption, the analysis is 

based upon the challenges identified by previous research that has been presented in 

the theory part and operationalized in the frame of reference. During the data 

collection interviewees were asked for the most critical technological, organizational 

and environmental challenges which will be analyzed in the following section. 

6.2.1 Case A  

6.2.1.1 Technological Context 

Complexity 

According to Rogers (2003, p. 15 f.), complexity is “the degree to which an innovation 

is perceived as difficult to understand and use”. Furthermore, it is also the most critical 

technological challenge in case A (A-Production; A-IT). When the company decided to 

implement CPS, it faced various kinds of issues such as abstraction of real-time system, 

system robustness, component service quality and knowledge engineering. Furthermore, 

the main issue is how to manage the complex dynamic interaction between the 

computational environment and the physical environment to a CPS (Liu, et al., 2007). 

In this case, the implementation of CPS is rather mature as discussed before. However, 

if the case company wants to achieve machines and systems that can be controlled 

completely through automation, complexity is the biggest challenge of adoption 

because CPS cannot be used fully yet and this technology requires further development 

(A-Production; A-IT; Liu, et al., 2017). Adoption of IoT technology faces these 

challenges because it requires the use of heterogeneous devices such as different 

technologies, sensors, various software, and processing strategies (Elkhodr, Shahrestani 

and Cheung, 2016). At the same time, A-Production mentioned that they have a large 

number of machines that need to be connected with the system which stresses the 

complexity challenge in this case.  

Standardization 

According to Bouwman (2005) standardization refers to the degree to which open or 

closed standards are being used to allow infrastructure to be interoperable and 

compatible which is a big challenge in case A. With regards to CPS standards the 

interviewees mentioned issues such as noise in measurement, collection inaccuracy, 

environmental interference and failures in unified framework calculation processes. 
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However, in this case, standardization is a big challenge that is related to the complexity 

challenge. This case company wants to set up standards to reduce the complexity of 

their assembly line (A-Production). IoT adoption is facing the standardization challenge 

from different prespectives. For instance, it is difficult to follow single standards in IoT 

because it uses different program languages and different operation systems. As can be 

seen in this case, it is also a main challenge to find suitable standardized protocols in 

IoT adoption because of the large number of different devices and systems that require 

to be connected and controlled in assembly processes (A-Production).  

Information Security 

According to Elkhodr, et al. (2016), a main challenge in IoT adoption is security and 

privacy due to the resource-constrained nature of IoT devices and increasing attackers, 

the same challenge can be seen in case A. A-Production mentioned that anyone can 

access IoT devices due to global access and connection. At the same time, Big Data 

faces information security challenges that are similar to IoT such as storage of 

information in cloud drives that could be disclosed by hackers (A-Production).  

6.2.1.2 Organizational Context 

Skills 

Erol, et al. (2016) state that a main challenge is developing or sourcing of employee 

skill to qualify employees to work with Industry 4.0 technologies. This challenge is 

confirmed by A-Production. In case A, a critical issue is to find employees that are both 

qualified production workers and skilled regarding Industry 4.0. Furthermore, A-

Production specially suggested there are not too many people who clearly understand 

what Industry 4.0 is and to what extent this job is connected to IT. Therefore, the main 

challenge in case A from an organizational perspective is finding skilled employees and 

creating a common understanding of Industry 4.0.  

Management Support 

According to Frambach and Schillewaert (2002); Wang, et al. (2000), management 

support refers to the degree to which management supports the adoption of an 

innovation by highlighting its importance towards other members of the organization. 

In this case, A-Production states that it is a big challenge to Industry 4.0 adoption. 

Management support includes factors such as costs and the support of different 

departments. When a company wants to adopt an innovation support from all parts of 
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the organization is required, such as the coordination and integration with the new 

technology in the organizations. This is rather difficult to achieve for innovations of 

new technologies such as Industry 4.0.  

Costs 

According to the above, the explanation about the cost is the money that must be paid to 

get something (Business dictionary, 2018). The theory of cloud manufacturing shows 

that a lot of SMEs are confronted with the challenge of sub-contracting costs, and the 

cost of research for new products is an important part of sub-contracting costs (Tao 

Zhang and Nee,2011). However, A-Production mentioned that there is no use of cloud 

manufacturing technology, the issue of cost may arise when using cloud manufacturing 

technology in the future. On the other hand, A-Production shows that storing 

information will increase costs. Therefore, the cost challenge is critical for case 

company A. 

6.2.1.3 Environmental Context 

Network externalities 

According to Frambach and Schillewaert (2002), network externalities refer to the 

number of organizations, such as suppliers, customers, competitors, or other 

organizations (e.g., government), that also use the innovation. The challenge of network 

externalities can be found in Cloud Manufacturing. According to Adamson, et al. 

(2017), this issue refers to the lack of resource and ability sharing mode since 

companies rely on their in-house resources and capabilities to maintain their 

competitiveness. Although there is nothing implemented in case A so far, this issue can 

be solved when adopting Cloud Manufacturing support services for scalable and 

economical resource sharing and coordinated collaboration. On top of that, A-

Production mentioned network externalities as a challenge because they do not want to 

make their production processes transparent to their customers.  

Competitive pressure  

According to Frambach and Schillewaert (2002), the challenge of competitive pressure 

can be defined as the degree of strategic importance of an innovation and its implication 

on effectiveness and efficiency of the organization’s activities. The interviewees 

stressed that this challenge was relevant to the organization without further elaborating 

on it.  
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The ranked challenges for Case A can be seen in Table 17.  

Table 17 Ranked Challenges for Case A (Own illustration) 

TOE / Ranking 1. Rank 2. Rank 3. Rank 

Technological Complexity Standardization Information Security 

Organizational Skills Management Support Costs 

Environmental Network Externalities Competitive Pressure - 

6.2.2 Case B  

6.2.2.1 Technological Context 

Complexity 

As in case A, complexity is also a major challenge in this case. According to B-Internal, 

the organization faces the challenge of complexity in connection with CPS, for instance 

concerning the question how to organize the infrastructure and to ensure that all 

required sensors are in place.  

Data Challenges 

According to Akerkar and Zicari (2014), data challenges include data volume, variety, 

velocity, veracity, volatility, quality, discovery and dogmatism. Data challenges are 

among other factors caused by the large number of machines that send information to 

the ERP or MES system. Therefore, the selection of the right information for analysis is 

critical in this case. (B-Internal). 

Information security 

The challenge of information security in this case is similar to case A, the cause of this 

challenge is the resource-constrained nature of IoT devices and the increasing number 

of attackers within global access and connection (Elkhodr, et al., 2016; B-Internal).   

6.2.2.2 Organizational Context 

Costs 

According to B-Internal, costs are a main challenge to adoption of Industry 4.0 since 

technologies such as AR, robots and AR equipment is rather expensive to adopt. 

Moreover, the production process requires adjustments to adapt to Industry 4.0, which 

also requires a lot of resources. Therefore, a careful assessment of whether this 

investment is worth it is crucial, especially for SMEs (Tao Zhang and Nee, 2011).  
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Skills 

The challenge of skills is especially relevant with regards to employee skills since these 

are short of knowledge about Industry 4.0. As stated by B-External, their customers and 

in especially the customer’s employees are scared of Industry 4.0 technologies. As 

described during the interview the customer’s employees are worried that their jobs 

might disappear due to increasing automation.  

6.2.2.3 Environmental Context 

According to B-Internal, the case company does not face the challenges of competitive 

pressure and network externalities that much, while B-Internal and B-External on the 

other hand claimed that network externalities can be seen as a driver towards Industry 

4.0 rather than a challenge. Furthermore, competitive pressure is relevant for their 

customers (B-External). 

The ranked challenges for case B can be seen in Table 18.  

Table 18 Ranked Challenges for Case B (Own illustration) 

TOE / Ranking 1. Rank 2. Rank 3. Rank 

Technological Complexity Data challenges Information Security 

Organizational Costs Skills - 

Environmental - - - 

6.2.3 Case C  

6.2.3.1 Technological Context 

Compatibility/Standardization 

Bouwman, van den Hooff and van de Wijngaert (2005, p. 192) claim that compatibility 

is “The degree to which a technology is consistent with the infrastructure, hardware and 

software, middleware and applications”. According to C-BusinessDeveloper, the 

company uses the OPC/UA standard to provide interfaces that are compatible with most 

ERP/MES systems. However, if customers do not use these interfaces, they cannot buy 

machines offered by the case company. Furthermore, sometimes customers need to 

adjust their processes to software. Therefore, compatibility and standardization can be 

seen as main challenges.   
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Scalability 

Hussain (2017) states that the ability to handle the increasing number of connected 

devices, users and application features in a computational environment without 

affecting the performance can be referred to as scalability. In this case, sometimes 

customers need to adjust their processes to software (C-BusinessDeveloper). 

6.2.3.2 Organizational Context 

Management Support 

According to C-BusinessDeveloper, management support can do a lot to drive Industry 

4.0 adoption. It can also help to create employee support, it may take time to convince 

employees since they perceive new technologies as a threat.  

Size 

The organizational context refers to characteristics of an organization such as firm size, 

degree of centralization and intra-firm communication (Tornatzky and Fleischer 1990; 

Chau and Tam, 1997, cited in Wang, Wang and Yang, 2010, p. 805). In this case, C-

BusinessDeveloper states that the company size influences adoption of Industry 4.0.  

Skill 

As stated by C-BusinessDeveloper, employees need to be trained to deal with Industry 

4.0. The content of training depends on the tasks of the respective employees. However, 

digital training methods such as e-leaning could be helpful here. The company’s 

customers mostly face the challenge that they do not find operators for welding and 

bending, according to C-BusinessDeveloper automation and robotics will help to 

overcome this issue. 

6.2.3.3 Environmental Context 

According to C-BusinessDeveloper, the case company does not consider the challenges 

of competitive pressure and network externalities as that critical. However, network 

externalities were considered as more relevant for the organization. 

The ranked challenges for Case C can be seen in Table 19.  
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Table 19 Ranked Challenges for Case C (Own illustration) 

TOE / Ranking 1. Rank 2. Rank 3. Rank 

Technological Compatibility/ Standardization Scalability  

Organizational Management Support Size  Skills 

Environmental Network Externalities Competitive Pressure  

6.2.4 Case D 

6.2.4.1 Technological Context 

Compatibility/standardization 

This case company uses the terms compatibility and standardization in the same 

meaning. To face these challenges, the company plans to introduce more machine-to-

human interfaces to be able to give direct feedback to production workers (D-IT).  

Data challenges 

According to D-IT, the company faces data challenges related to data volume. The 

company stores information on its production to be able to exchange this information 

with customers if they wish so. Therefore, the volume of data is relatively high, 

accordingly the volume of data becomes a challenge.  

Scalability 

In this case, scalability is another challenge since it is very difficult to keep the original 

performance of IT systems due to the high number of connected devices (D-IT). 

6.2.4.2 Organizational Context 

Costs 

According to D-IT, costs are a main challenge in this case because most Industry 4.0 

technology is relatively expensive, for instance robots. On top of that, required IT 

infrastructure and the storage of data also causes significant costs.  

Skills  

Employee skills are crucial in this case because different technologies require different 

skills from workers to adopt Industry 4.0. Furthermore, it is very difficult for the case 

company to find qualified people due to the region where they are located but also the 

size of their organization (D-IT).  
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Management support 

Management support can provide financial and human resources; therefore, 

management support is important because Industry 4.0 cannot be adopted without these 

resources. The achievement of management support can moreover be considered as a 

challenge itself (D-IT).  

6.2.4.3 Environmental Context 

According to D-IT, the case company does not face the challenges of competitive 

pressure and network externalities that much.  

The ranked challenges for Case D can be seen in Table 20.  

Table 20 Ranked Challenges for Case D (Own illustration) 

TOE / Ranking 1. Rank 2. Rank 3. Rank 

Technological Compatibility/standardization Data challenges Scalability 

Organizational Costs Skills Management 

support 

Environmental - - - 

6.2.5 Case E 

6.2.5.1 Technological Context 

Data challenges 

According to E-CFO and E-Production, the company faces mainly two challenges of 

data, data volume and data variety. Even though the company’s Industry 4.0 adoption is 

on the lowest maturity level the amount of data is already increasing rapidly. Therefore, 

the volume and variety of data that needs to be stored can be considered as a challenge.  

Standardization  

Standardization is a main challenge in this case. Since the company’s business mainly 

revolves around projects, it is difficult to achieve standardization. Therefore, the 

interviewees stated that it is difficult to adopt technologies such as robots, especially 

with their requirements towards quality. Also, production of wiring harnesses is rather 

difficult to automate due to the lack of standardization (E-CFO and E-Production). 

Compatibility 

According to E-CFO and E-Production, the company already faces compatibility 

challenges with regards to their ERP system, despite the low level of maturity. 
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Therefore, the company is currently planning to purchase a new ERP system to increase 

the standardization between their plants, to share information easier and to be able to 

work on their common products everywhere. As stated by E-CFO, this will most likely 

change their way of working.  

6.2.5.2 Organizational Context 

Management support 

Management support can not only provide financial support but also other resources 

such as skilled employees. The provision of resources was considered as a challenge by 

the interviewees (E-CFO and E-Production).  

Costs 

In this case, costs are a main challenge as devices are quite expensive, for instance AR, 

AI and robots. For SMEs this challenge is even more critical than for larger 

organizations.  

Skills 

As stated by E-CFO and E-Production., the challenge of skills is especially relevant 

with regards to employee skills since these are short of the knowledge of Industry 4.0. 

6.2.5.3 Environmental Context 

Competitive pressure 

According to E-CFO and E-Production, the case company does not face the challenge 

of competitive pressure that much. 

Network externalities 

As stated by E-CFO and E-Production, it is difficult for them to reduce the amount of 

manual labor due to the low volumes in production. Therefore, the organization has 

chosen to move from high-cost countries like Sweden to low-cost countries such as 

India and China. But these decisions were not only driven by costs but also by their 

customers who wanted the company to follow them to where they are located. 

The ranked challenges for Case E can be seen in Table 21.  
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Table 21 Ranked Challenges for Case E (Own illustration) 

TOE / Ranking 1. Rank  2. Rank 3. Rank 

Technological Data challenges Standardization Compatibility 

Organizational Management Support Costs Skills 

Environmental Network Externalities - - 

6.2.6 Cross-Case Synthesis 

The following cross-case synthesis for the previously introduced cases considers the 

cases as independent studies and tries to aggregate findings across the individual 

studies. This subchapter seeks to find similarities and differences among the five cases 

that were first described and then analyzed with an within-case analysis before. 

Therefore, the maturity levels will be compared to the challenges that the respective 

companies considered to be most critical. 

First, Table 22 gives an overview on the maturity and innovativeness of the five cases 

as well as the current stages of the innovation adoption process and the challenges that 

the respective case companies face currently.  

Table 22 Overview maturity, the innovation adoption process and challenges (Own illustration) 

 Maturity 

Level 

Adoption of 

Industry 4.0  

Innova-

tiveness 

Challenges 

Case A 
Level 2: small 

part of all 

Industry 4.0 

technologies in 

use 

Adoption 

decision: decision 

step 

(Organizational 

level) 

Late 

majority  

Technological: complexity, 

standardization, information security 

Organizational: skills, management 

support, costs,  

Environmental: network externalities, 

competitive pressure  

Case B 
Level 4 all 

Industry 4.0 

technologies in 

use 

Realization 

process: 

routinizing step 

(Individual level) 

Innovators  Technological: complexity, data 

challenges, information security 

Organizational: costs, skills 

Case C 
Level 4 all 

Industry 4.0 

technologies in 

use 

Realization 

process: 

routinizing step 

(Individual level) 

Innovators Technological: compatibility, 

scalability, standardization 

Organizational: management 

support, size, skills 

Case D 
Level 3: some 
part of all 

Industry 4.0 

technologies 

Adoption 
decision: decision 

step 

(Organizational 

level) 

Lage 
majority 

Technological: compatibility 
/standardization, data challenges, 

scalability 

Organizational: costs, skills, 

management support 

Case E 
Level 1:  All 

Industry 4.0 

technologies are 

not in use 

Adoption 

decision: decision 

step 

(Organizational 

level) 

Laggards  Technological: data challenges, 

standardization, compatibility 

Organizational: management 

support, costs, skills 

Environmental: network externalities.  
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As can be seen from the table, case A as an adopter of the late majority faces challenges 

of complexity, standardization, information security, skills, management support, costs, 

network externalities and competitive pressure. Case B as an innovator faces challenges 

of complexity, data challenges, information security, costs and skills. Case D as an 

innovator faces challenges of compatibility, scalability, standardization, management 

support, size and skills. Case D as an adopter of the large majority faces 

compatibility/standardization, data challenges, scalability, costs, skills and management 

support. Case E as a laggard faces data challenges, standardization, compatibility, 

management support, costs and skills and network externalities.  

Starting with technological challenges among the five cases it can be said that data 

challenges can be found in case B, case D and case E. Compatibility can be found in 

case C, case D and case E. On top of that, the challenges of complexity and information 

security can be found in case A and case B. The challenge of scalability can be found in 

case C and case D.  

Moving on to organizational challenges it can be said that management support and 

skills can be found in each case, whilst costs as a challenge were found in case A, case 

B, case D and case E. Standardization as a challenge was found in case A, case C, case 

D and case E.  

Concerning the environmental challenges, it can be said that network externalities can 

be found in case A and case E. Competitive pressure can be found in case A.  

Technological and organizational challenges can be found in each case whilst 

environmental challenges are missing in case B, case C and case D.  

Therefore, as can be seen in Figure 19, 4 out of 5 companies mentioned standardization, 

management support, skills and costs as challenges. 3 out of 5 companies stated data 

challenges and compatibility challenges were critical for them, 2 out of 5 companies 

mentioned complexity, information security, scalability and network externalities as 

challenges. Just 1 out of 5 companies mentioned competitive pressure as a challenge.  
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Figure 19 Summary of challenges from the cross-case analysis (Own illustration) 

Overall, it can be stated that challenges of Industry 4.0 adoption could be identified and 

ranked for the manufacturing processes in the machine and electronic manufacturing 

industry. These are 1. management support, skills, costs and standardization challenges 

for the majority of companies, 2. data challenges and compatibility for most companies, 

3. complexity, information security, scalability and network externalities for some 

companies and 4. and competitive pressure for a few companies. Accordingly, it can be 

concluded that all companies face technological and organizational challenges while 

companies with higher levels of maturity and higher stages of adoption of Industry 4.0 

are less likely to face environmental challenges. 

 Adjustment of Conventional Manufacturing Processes 

This subchapter focuses on how conventional manufacturing processes need to be 

adjusted to Industry 4.0 technology to answer the second research question. It is 

important to notice that this part of the analysis contains less theory than the analysis 

for the first research question as the literature review showed that there is a lack of 

prior research on that question. However, the analysis for this question is conducted for 

each individual case as well as across cases. 

6.3.1 Case A 

Both interviewees stated that the most critical technological challenge of adopting 

Industry 4.0 in their organization was complexity (A-Production; A-IT). When asked 

about which changes they had already done to their organization A-Production stated 

they had not done many changes to their manufacturing processes so far and that there 

was a lack of understanding of how IT related these adjustments were. A-IT added that 

the organization had installed more robots to make their production more standardized 

and that they had implemented an ERP-PLC and that less manual labor was required 
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due to automation. When asked about which changes to manufacturing processes were 

required in the future A-Production mentioned that correct documentation of processes 

was a central issue to make sure that changes and knowledge will not be lost, and 

competences will not disappear from the company when employees leave. A-IT added 

that the number of sensors and devices in manufacturing will probably increase and that 

IT platforms will be expanded to handle the increasing number of devices, sensors and 

data in manufacturing. A-IT also stressed that an important adjustment of their 

manufacturing processes was that their manufacturing processes moved towards being 

paperless in the future. With regard to the effects of reduced manual labor in production 

A-Production stated that the reduction will lead to increased quality and economic 

benefits while increasing safety at work. However, as a disadvantage he mentioned that 

machines usually consume more space on the shop floor than humans. A-IT added that 

less manual labor meant that human errors could be eliminated on the shop floor, which 

also points to the direction of increased quality. Furthermore, A-IT added that the 

competencies required from workers will change towards monitoring machines rather 

than performing work manually and that they also might be required to predict 

availabilities on the shop floor. With regards to the effects of machine-to-human 

communication A-Production mentioned that these systems were not yet designed to be 

user friendly and accordingly people were not sure how to use these systems. 

Accordingly, it could be said that training was required to successfully implement such 

systems. A-IT mentioned that barcodes in production might decrease since the purpose 

of these barcodes is to get the right data. This will not be required when machines and 

humans communicate seamlessly. 

6.3.2 Case B 

Both interviewees mentioned that they considered Lean Management principles to be 

the basis of Industry 4.0 adoption (B-Internal; B-External). When asked about which 

adjustments the organization had done to its manufacturing processes so far in the 

course of its Industry 4.0 adoption, the interviewees stated that their production lines 

were already aligned with Industry 4.0 due to consequent application of Lean 

Management principles in all factories (B-Internal). Regarding adjustments that were 

required in the future, B-Internal stated that from his point of view this was more a 

question of how to design infrastructure in manufacturing, for instance which types of 

transport lines to use or if cameras or sensors are most appropriate. Also, questions of 
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where to place active cockpits and which stock layout to choose were questions that B-

Internal considered as critical for successful Industry 4.0 adoption in the future. B-

External stated that for customers the adoption of provided Industry 4.0 technologies 

did not require big changes since the organizations Industry 4.0 strategy of being both 

lead user and lead provider forced the company to develop solutions that did not require 

big changes. B-External furthermore mentioned that the company sought to develop 

“Retrofit Solutions”, in other words solutions that are compatible with existing systems. 

B-External stated that Industry 4.0 adoption will require a mind change towards Lean 

Management from external customers in the future.  

For this case company, the most critical technological challenges of Industry 4.0 

adoption were complexity from an internal perspective (B-Internal). When asked about 

what the organization did to address this challenge, B-Internal mentioned that one step 

that the organization made to reduce complexity was creating a department that deals 

with Connected Industries or Industry 4.0 to stick to the terminology used in this thesis. 

This could reduce complexity by employing experts on Industry 4.0 who are aware of 

challenges which can contribute to reducing complexity by providing internal 

educations on the topic of Industry 4.0. B-External mentioned that compatibility was 

the most critical technological challenge for the organization’s customers, adding that 

this was a challenge that could be overcome. However, it required being able to find the 

right people to talk to in the customer’s organization.  

Concerning the affects that the reduction of manual labor has on the organization’s 

manufacturing processes, B-Internal mentioned that the organization tried to reduce the 

number of shifts to reduce manufacturing costs. Another approach was trying to fulfill 

more orders with the same number of employees. Furthermore, the company’s HR 

department tried to develop training to prepare employees for the future and qualify 

them for more complex tasks. B-External stated that customers were scared of the 

reduction of manual labor. However, the interviewee stated that the image of jobs has 

evolved but that the number of jobs would not necessarily decrease. Concerning 

machine-to-human communication, B-Internal stated that pilot projects had shown that 

some employees did not want robots and that there was an acceptance issue. B-External 

confirmed this statement and added that there had been an incident on a customer’s 

shop floor where employees tried to damage a robot that had been introduced recently. 

The interviewee mentioned that this stressed the importance of an effective 
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communication strategy that facilitates how robots create value for the organization and 

how they could ease the work of employees at the same time.  

6.3.3 Case C 

Both Interviewees mentioned that they consider Lean Management principles as a 

prerequisite for Industry 4.0 adoption (C-Consultant; C-BusinessDeveloper). When 

asked about adjustments that Industry 4.0 required to manufacturing processes, C-

BusinessDeveloper mentioned that in an ideal world these adjustments referred to 

optimization of current processes while currently often customers had to adjust their 

processes to software which did not reflect the ideal world. Furthermore, the 

interviewee mentioned that their customers typically face challenges related to 

production and stock layout as well as Lean optimization when adopting Industry 4.0 

technology provided by the case company since Industry 4.0 could not be achieved 

without Lean Management. According to the interviewee the difference between a Lean 

Factory and a Smart Factory is the adoption of Industry 4.0 technology. C-Consultant 

mentioned that the company wants to achieve a paperless factory. However, being 

paperless was considered as a way of increasing efficiency rather than a goal by itself. 

With regards to adjustment that were necessary in the future, C-BusinessDeveloper 

mentioned that he sees a need for a higher degree of automatized feedback. Moreover, 

the interviewee mentioned that there was a need for more data as a basis of analysis to 

improve processes. Concerning compatibility,the interviewee mentioned that the 

company aims to provide “plug and play” solutions. According to C-

BusinessDeveloper, interfaces determine whether it is possible to connect a machine 

which is why the case company has chosen to use standardized interfaces. Most 

customers require interfaces according to a standard called UPC/UA that is compatible 

with most MES/ERP systems. C-BusinessDeveloper mentioned that the case company 

tried to deal with the challenges internally which meant a lot of “homework” without 

being able to release new products. With regards to manual labor C-BusinessDeveloper 

stated that it made sense to optimize manual tasks and that the focus of tasks was likely 

to change as a consequence of the reduction of manual activities. This in turn affects 

employee skills and requirements. Concerning machine-to-human communication C-

BusinessDeveloper mentioned that this makes it easier to operate machines, just as 

Smart Phones made it easier to share pictures with friends for instance. Regarding 

traceability of products in production C-BusinessDeveloper stated that traceability has 
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two major effects, firstly it makes it easier to find products and orders faster, secondly it 

creates data as a basis for process improvement and Lean optimization.  

6.3.4 Case D 

With regards to the question which adjustments the case company had already done to 

its manufacturing processes, D-IT mentioned that the company had introduced more 

displays, terminals and computer to its manufacturing along with a number of new 

devices and mobile clients. Furthermore, the company works towards a paperless 

factory by replacing paper instructions with other instructions. Moreover, the 

interviewee states that more one-piece flows were needed as well as more discipline to 

adopt Industry 4.0 successfully. To increase transparency in manufacturing the case 

company plans to introduce laser systems that engrave data matrix codes on products. 

This will enable traceability of products in the manufacturing process and allow the 

case company to collect more detailed data on individual products which leads to 

transparency but also builds a basis for further analysis and improvements (D-IT). The 

case company furthermore plans to replace manual work stations and semi-automated 

work stations with automated work stations to increase the efficiency in the 

manufacturing process (D-IT). When the case company faces the challenge of 

standardization, it tries to create adaptors and software solutions by itself as well as 

systems that can handle problems by themselves. The company has created a 

communication stock interface by itself which took a lot of time (D-IT). However, now 

the system is used both internally as well as sold to customers to help them manage 

their c-parts more easily. Concerning the reduction of manual labor in the 

manufacturing process D-IT states that the company tries to qualify workers to use the 

new machines that are being introduced during the industry 4.0 adoption process. 

Furthermore, the company tries to increase its output with the same amount of people. 

This could be done by giving employees new tools, for instance they could be operating 

machines rather than performing the work manually. Generally, the company 

mentioned that it is difficult for them to find qualified employees since they are located 

on the countryside in a region with relatively low unemployment rate (D-IT; D-HR). D-

IT mentions that the company has been able to introduce more computer guided 

working instructions as well as computer assisted production with cameras due to 

machine-to-human communication. Cameras help the case company to perform quality 

checks that normally require manual labor. Moreover, the company has introduced 
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displays in manufacturing that for example measure the torque during tightening, this 

data is also being collected to increase transparency in the manufacturing process. 

According to D-IT the case company plans to introduce more machine-to-human 

interfaces in the future that can give direct feedback to workers and thereby lead to less 

quality issues in the future. Furthermore, industry 4.0 has changed the way the case 

company exchanges information with customers. Today, it is rather easy to exchange 

CAD files between organizations which can then be used to program machines. 

6.3.5 Case E 

This case company is rather small compared to the other case companies, both with 

regards to annual turnover as well as number of employees. The organization has 

therefore not come very far with digitization in general (E-CFO; E-Production). When 

asked about what changes a potential Industry 4.0 adoption might require concerning 

the organization’s manufacturing process the interviewees stated that they were 

currently evaluating the option of purchasing a new ERP system which might force the 

case company to change its way of working (E-CFO). The purpose of purchasing a new 

ERP system is to increase the degree of standardization between the plants and to 

improve information sharing between plants to be able to build a common product 

everywhere (E-Production). Since the company was mainly working in project 

businesses E-Production doubts if it is possible to introduce robots that are able to 

produce their products with the required quality. Furthermore, the interviewees 

mentioned that before being able to introduce Industry 4.0 technologies the case 

company might have to introduce some technologies that are a standard for many other 

organizations, such as barcodes and pick-by-voice. When it comes to Industry 4.0, E-

Production mentioned that AR glasses might be helpful to support employees in the 

assembly process since some products require employees to connect around 500 cables. 

The basic technologies mentioned need to be introduced as a basis, since they can be 

considered as enablers for Industry 4.0 technology. It is crucial for the case company to 

think about how these basic technologies can be prepared for Industry 4.0. 

Contemporary, the company employs a takt system that is used to identify products in 

production rather than using live-data from RFID or barcodes. However, the data is 

used to show order specifications and instructions on displays. With regards to manual 

labor E-Production mentioned that is difficult for the company to reduce the amount of 

manual labor due to the low volumes in production. E-CFO adds that the company 
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therefore started to move its production from high-cost countries to low-cost countries. 

However, the main reason to open factories in low-cost countries was that the 

company’s customers required them to be close to them (E-CFO).  

6.3.6 Cross-Case Synthesis 

The following cross-case synthesis for the previously introduced cases considers the 

cases as independent studies and tries to aggregate findings across the individual 

studies. This subchapter seeks to find similarities and differences among the five cases 

that were first described and then analyzed with an within-case analysis before. 

Therefore, the statements from the individual interviewees and case companies will be 

clustered into themes to make the analysis more comprehensible.  

The first theme that was found among the cases is Lean Management which was 

mentioned by some of the case companies. Case B considered its production lines as 

prepared for Industry 4.0 adoption since they were optimized according to Lean 

Management principles (B-Internal). Case C mentioned that Lean optimization was an 

important prerequisite for Industry 4.0 since it could not be adopted without the 

application of Lean Management in manufacturing (C-BusinessDeveloper). Case D 

mentioned that it applied Lean Management principles (D-IT) thus did not stress its 

importance to the same extent as case B and case C. The statements towards Lean 

Management will now be compared to the maturity level of the respective Industry 4.0 

adoption according to the analysis conducted in chapter 6.1. Case B was assessed as 

maturity level 4 (Expert), case C as well; while case D has maturity level 3 

(Experienced). All case companies that applied Lean Management principles to its 

manufacturing processes were therefore assessed to have rather mature adoptions of 

Industry 4.0 technologies. Case A was categorized to have maturity level 2 

(Intermediate) and case E was categorized as maturity level 1(Beginner) which shows 

that those cases that did not mention Lean Management principles in the interviews 

have rather immature adoptions of Industry 4.0. The results of this comparison are 

summarized in Table 23. 
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Table 23 Correlation between Lean Management and Maturity Level (Own illustration) 

Case Company Maturity Level Adoption Process Lean Management 

Case A Level 2 Adoption decision - 

Case B Level 4 Routinizing Prerequisite  

Case C Level 4 Routinizing Prerequisite 

Case D Level 3 Adoption decision Applied 

Case E Level 1 Adoption decision - 

This comparison shows that a higher degree of Lean Management application positively 

corresponds to a higher level of maturity. Therefore, the hypothesis by B-Internal, B-

External, C-Consultant and C-BusinessDeveloper that Lean Management was a 

prerequisite for Industry 4.0 adoption can be supported with the empirical findings of 

this thesis.  

The second theme that was found is the concept paperless factory which was mentioned 

by some of the case companies during the interviews. Case company A is adopting a 

new MES which among other features will enable the company to work paperlessly, it 

is therefore assessed that paperless factory is in progress at case A (A-Production). Case 

B stated that all its factories are already paperless (B-Internal) and that the company 

sometimes even was approached by customers who asked for advise on how to 

introduce a paperless company (B-External). Case C is already paperless and stressed 

that being paperless was not a goal in itself but rather the company’s way to achieve its 

productivity goals on its way of digital transformation (C-Consultant). Case D 

mentioned that its manufacturing processes are already paperless (D-IT). Case E has not 

approached the topic paperless factory so far. The adoption of the concept of a paperless 

factory will again be compared to the previously analyzed maturity level of the Industry 

4.0 adoption of the respective companies as well as to the current stage of the respective 

case companies in the adoption process. A summary of this comparison can be found in 

Table 24. 
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Table 24 Correlation between Paperless Factory and Maturity Level (Own illustration) 

Case Company Maturity Level Adoption Process Paperless Factory 

Case A Level 2 Adoption decision In progress 

Case B Level 4 Routinizing Paperless 

Case C Level 4 Routinizing Paperless 

Case D Level 3 Adoption decision Paperless 

Case E Level 1 Adoption decision - 

The comparison shows that paperless factories are positively correlated with a high 

level of maturity of Industry 4.0 technologies as well as with a higher stage in the 

adoption process. It remains unclear whether paperless factories are a prerequisite for 

Industry 4.0 adoption or if they are a consequence of Industry 4.0 adoption. However, it 

is in evidence that conventional manufacturing processes need to be adjusted towards a 

paperless factory for successful Industry 4.0 adoption.  

The third theme that was found is infrastructure on the shop floor, which refers to 

sensors, devices, cameras, dashboards and display but also Wi-Fi. Especially with 

regards to changes that Industry 4.0 will require in the future, this topic was named by 

interviewees. Case A mentioned that it had already introduced robots as part of their 

Industry 4.0 adoption and stressed that even more robots will be required in the future 

(A-IT). A-IT furthermore stated that in the future more machines have to be connected 

on the company’s shop floor as well as tools, devices and sensors so they could 

exchange information also on higher levels of the IT infrastructure. Case B mentioned 

that the question of how to design the infrastructure was currently important and would 

be even more important in the future. This refers to decisions such as using sensors or 

cameras, but also Wi-Fi on the shop floor and where to place active cockpits (displays). 

Case B even includes questions of stock layout in the infrastructure theme (B-Internal). 

Case C focuses on optimizing the processes itself and names layout optimization as one 

element of this (C-BusinessDeveloper). However, the company mentions scalability as 

the second most critical technological challenge which indicates that the company also 

expects an increasing number of devices on the shop floors. Case D stated that it had 

introduced more displays, terminals and computers along with a number of new devices 

and mobile clients on its shop floor since it started the Industry 4.0 adoption. In the 

future the case company wants to replace some of its machines to achieve a higher 

degree of automatization. Case E points out that it is currently considering the purchase 
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of a new ERP system which is related to the IT infrastructure. Furthermore, the 

company is considering to increase the use of barcodes to enhance traceability and 

transparency of its products on the shop floor. Moreover, case E mentions that a new 

picking system might be helpful to the Industry 4.0 adoption. Overall, it can therefore 

be said that all case companies agreed that Industry 4.0 changes the infrastructure on the 

shop floor. However, the individual companies have different understandings of what 

infrastructure refers to in this case and accordingly have different focuses. It can be seen 

that most companies included IT infrastructure and devices while two companies even 

include layout optimization. 

In general, it can be said that the question of how conventional manufacturing processes 

need to be adjusted to be ready for Industry 4.0 was discussed extensively with all 

interviewees. Apart from the three themes analyzed above, it became apparent that 

many interviewees believe that Industry 4.0 does not require fundamental change to 

conventional manufacturing processes. B-External mentioned that the case company 

aims to provide systems that do not require big changes to their own manufacturing 

processes nor to their customer’s manufacturing processes. Therefore, the company 

seeks to provide “retrofit solutions” that are compatible with existing infrastructure and 

that can easily be integrated into an existing manufacturing environment as well as 

existing manufacturing processes. C-BusinessDeveloper mentioned that sometimes new 

technology requires customers to adjust their processes to certain software while in an 

ideal world processes would be optimized to improve quality, costs and time. The 

interviewee therefore indicated that potential changes were related to layout and Lean 

optimization. However, this shows that C-BusinessDeveloper also believed that ideal 

Industry 4.0 did not require fundamental changes to manufacturing processes. D-IT 

listed some infrastructure changes that might come with Industry 4.0 and suggested that 

Industry 4.0 might require factories to be paperless but did not mentioned adjustments 

besides that. It can therefore be summarized that Industry 4.0 requires a mind change as 

B-External suggested. This mind change is required both from management but also 

from workers on the shop floor and refers to Lean Management optimization, a change 

towards a paperless factory as well as a change of existing infrastructure. However, 

conventional manufacturing processes will most likely not change fundamentally based 

on the empirical data gathered for this thesis.  
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7 Discussion 

This chapter will critically reflect upon the findings derived from previous chapters. 

Firstly, the maturity of the respective case companies will be discussed. Secondly, 

challenges of Industry 4.0 with regard to the first research question will be reflected 

upon. Thirdly, the adjustments of conventional manufacturing processes with regard to 

the second research question are critically reviewed. Moreover, societal and ethical 

aspects will be discussed.  

 Maturity of Case Companies 

As part of the theoretical contribution of this thesis, the researchers suggest a maturity 

model for Industry 4.0 adoption in the manufacturing process. This model has been 

used to analyze the maturity of the individual case companies as a basis for further 

analysis.  

The model contains key technologies of Industry 4.0 that derived from the literature 

review conducted for the purpose of this research. These key technologies were then 

operationalized in the frame of reference to clarify how the adoption of these 

technologies can be measured.  

The model has then been used as a basis to analyze the maturity of the participating 

case companies in connection with the empirical data gathered during the interviews. 

The operationalization enabled a standardized evaluation of the adoption of key 

technologies of Industry 4.0. Furthermore, the maturity model enabled the researchers 

of this thesis to translate qualitative data gather during the interviews into quantitative 

data about the maturity. This makes it easy to compare the maturity levels among the 

different case companies. It can therefore be assessed that the maturity model enabled a 

comprehensive and transparent tool of assessing the maturity levels of the Industry 4.0 

adoptions in the respective companies.  

 Challenges of Industry 4.0 Adoption in the Manufacturing Process 

This thesis conducted a comprehensive literature review on Industry 4.0 and challenges 

of Industry 4.0 adoption. The findings were described and discussed in the theoretical 

framework. Challenges found by previous researchers were clustered into technological, 

organizational and environmental challenges and operationalized in the frame of 

reference. The operationalization helped to create a common understanding of these 

challenges to achieve a high degree of standardization. 
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During the data collection, the researchers gave the interviewees a short briefing on 

Industry 4.0 as a concept as well as key technologies and challenges. The researchers 

also introduced the operational definitions of the identified challenges to the 

interviewees. Subsequently, the interviewees were asked about which challenges they 

perceived as most critical to their organizations. Based upon these answers the most 

critical challenges of Industry 4.0 adoption could be analyzed. 

Despite the briefings that preceded every interview it is possible that interviewees might 

have had a slightly different understanding of the terms used to describe the identified 

challenges. This might have influenced the answers that interviewees gave to these 

questions, it is therefore possible that participant errors have occurred in connection 

with challenges. Moreover, it is questionable if interviewees always felt free to state the 

challenges they considered as most critical. During the interviews it could be observed 

that interviewees hesitated to mention management support as a challenge. 

Observations were not included in the case study, but the researchers still felt it was 

necessary to mention this observation in the discussion. Therefore, participant bias 

cannot be excluded with regards to management support challenges. If this assertion 

was shown to be true, the implication would be that management support as a challenge 

might be even more critical than this research has shown. With regards to the term costs 

it is important to mention that the term cost as a challenge was suggested by the 

researchers and accordingly the interviewees also used this terminology. However, it is 

questionable if costs actually are a challenge for most of the companies or if they rather 

meant return on investment respectively profitability.  

The high number of cases and the even higher number of interviewees from different 

departments and on different hierarchy levels provided a solid basis for analysis and 

helped ensuring that the influence of potential participant errors and participant bias is 

rather low.  

It can therefore be summarized that the findings concerning challenges of Industry 4.0 

adoption are based on a solid data base. In especially the cross-case analysis helped to 

identify most critical technological, organizational and environmental challenges.  
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 Adjustment of conventional Manufacturing Processes 

The second research question dealt with the question how conventional manufacturing 

processes need to be adjusted in the course of Industry 4.0 adoption. This question was 

more of explorative character since the literature review revealed that there was no 

previous research on this question. Therefore, the interviewees were asked open 

questions to answer this research question.  

In the analysis, the answers to the questions were clustered into themes and similarities 

and differences have been pointed out. Furthermore, the themes were compared to the 

maturity levels analyzed previously. However, it was not possible to use theory in the 

analysis for the second research question to the same extent as for the first research 

question due to the lack of research in this field.  

The analysis showed clear answers to the research question, however the identified 

changes are rather superficial and are not able to specify in detail how conventional 

manufacturing processes need to be adjusted. One reason for this might be that most 

interviewees do not have a specific answer to this question either. Most interviewees 

work with Industry 4.0 in their daily work but the question of how manufacturing 

processes will change due to Industry 4.0 adoption was rather new to most interviewees. 

More extensive interviews might have been helpful to answer this question more in-

depth since they would have enabled the researchers to go through the process 

landscape with the interviewees and to discuss potential adjustments in detail. This was 

thus not possible since all case companies pointed out that they wanted to restrict the 

interviews in time. Another reason might be that Industry 4.0 does not require major 

changes from manufacturing processes. As pointed out in the problem discussion, 

previous research indicated that Industry 4.0 requires manufacturing processes to 

change which is why this question became subject of this research. It is not possible to 

say that Industry 4.0 does not require changes from manufacturing processes, but 

Industry 4.0 will certainly require good process design. However, it appears that if the 

processes have been well designed in the first place, increasing Industry 4.0 technology 

will increase the repeatability of the process, improve the supervision, improve the 

integration between processes and give much more data which will enable inappropriate 

events to be identified and acted upon. As a result, the speed and the accuracy of the 

process will be improved resulting in improved product quality and reduced waste. 

However, it is not possible to say that Industry 4.0 will not change manufacturing 
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processes in general. Possibly, the choice of industries has influenced the results. 

Manufacturing processes in other industries, such as the clothing industry, may be more 

affected by Industry 4.0 since the demand for highly customized products in small 

batches is higher in these industries. Technologies that are likely to induce major 

changes to manufacturing processes, such as 3D Printing, did not come up during the 

interviews and the effects of those have not been discussed. For these technologies it 

might be more obvious how they affect manufacturing processes since they will indeed 

change the sequence of activities in the manufacturing process.  

It can be summarized that the selected cases, the number of cases and interviewees as 

well as the collected data provide a solid ground to answer the research question. The 

research findings for the second research question may differ from the expected 

outcome, possible reasons for this have been discussed extensively in this section.  

 Societal and Ethical Aspects 

For business research it is important to consider both business aspects as well as 

societal and ethical aspects. Therefore, three important aspects need to be mentioned 

here, the impacts of Industry 4.0 on employees and society as well as the environment.  

The research has clearly shown that Industry 4.0 will increasingly contribute to the 

replacement of manual labor with robotics and other automated systems. This will 

primarily impact less educated workers. However, this research has also shown that 

Industry 4.0 will create new job opportunities. These new job opportunities will thus 

require more skilled workers. The role of education and training will therefore increase 

in the future. The provision of education will become a crucial challenge for society 

since it will increasingly influence social classes.  

As stated earlier, robots have already started to replace manual labor and will continue 

to do so in the future. This is an issue for the individual workers, but it is also an issue 

for society. Workers pay taxes that are used to provide infrastructure, education and 

social security among other things. Every individual robot is capable of replacing 

several workers which shows that the impact on society will be tremendous. The offset 

of social costs created by the described displacements might require the introduction of 

a “robot tax” which forces the owners of robots to pay taxes for the robot’s workforce.  

Natural resources are scarce goods that need to be handled carefully and responsibly for 

future generations to be able to live on this planet. It can therefore be said that the way 
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companies handle these natural resources has a huge impact on society. Industry 4.0 has 

the potential to enable a more efficient use of natural resources, some companies even 

consider the adoption of Industry 4.0 for the purpose of more efficient material 

handling.   
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8 Conclusion 

This chapter will summarize the answers to the research questions and compare the 

findings to the expected outcome. Furthermore, theoretical contributions and 

managerial implications of this thesis will be highlighted. Limitations of this thesis as 

well as the generalizability of findings will be reflected upon. At the end of this chapter 

the authors will make suggestions for further research.  

 Answer to the first research question 

The first research question was:  

“What are the challenges of adopting Industry 4.0 in the manufacturing processes in 

the machine and electronic manufacturing industry?” 

With regards to the first research question, this research has shown that organizations 

face technological, organizational and environmental challenges during the adoption of 

Industry 4.0. Challenges that the majority of case companies (4 out of 5 companies) 

face are standardization, management support, skills and costs. Most companies (3 out 

of 5 companies) face data challenges and compatibility. Some companies (2 out of 5 

companies) face the challenges of complexity, information security, scalability and 

network externalities. Few companies (1 out of 5) face the challenge of competitive 

pressure. With higher levels of maturity and higher stages of adoption of Industry 4.0, 

companies are less likely to face environmental challenges. In summary it can be said 

the most critical challenges are standardization, management support, skills and costs. 

In conclusion it can be said that the first research question could be answered clearly 

based on a solid data basis.  

 Answer to the second research question 

The second research question was: 

“How do conventional manufacturing processes need to be adjusted in the course of 

Industry 4.0 adoption?” 

With regards to the second research question, this research has shown that Lean 

Management can be considered as a basis for successful Industry 4.0 adoption. 

Furthermore, the research showed that factories will become paperless, either in 

preparation of Industry 4.0 adoption or as a consequence of it. Moreover, it was shown 

that Industry 4.0 will change infrastructure, such as IT systems as well as devices and 
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layouts in manufacturing. On top of that, this research has shown that most interviewees 

do not believe that Industry 4.0 will induce major changes to conventional 

manufacturing processes. In other words, one of the main findings of this thesis is that 

Industry 4.0 might rather be an evolution rather than a revolution. The “retrofit 

solutions” mentioned by B-External support this finding since the purpose of this 

solution is to enable a gradual implementation of Industry 4.0 technology. As stated in 

the discussion, the answers to the second research question are rather superficial; partly 

due to the fact that the interviewees do not have very clear answers to this question 

either; partly because Industry 4.0 may indeed not induce major changes to 

manufacturing processes in the electronic and machine manufacturing industry.  

 Comparison between Findings and expected Outcome 

With regards to the first research question the researchers of this thesis expected to be 

able to identify challenges of adopting Industry 4.0 and to be able to name the most 

critical challenges for organizations in the electronic and machine manufacturing 

industry. Challenges identified by previous research could be clustered into 

technological, organizational and environmental challenges. The data gathered during 

the data collection build a solid basis for analysis to identify the most critical challenges 

within cases and across cases. It can therefore be stated that the findings with regard to 

the first research question fulfill the expected outcome.  

Concerning the second research question the researchers expected to be able find 

specific adjustments that Industry 4.0 requires from conventional manufacturing 

processes. Prerequisites and adjustments have been found and include Lean 

Management optimization as a prerequisite for Industry 4.0, paperless factory and 

changes to manufacturing and IT infrastructure. It was moreover found that Industry 4.0 

may not induce major changes to manufacturing processes. In contrast to the expected 

outcome of this thesis it has not been possible to find specific adjustments to 

manufacturing processes. The reasons for this are mainly that interviewees do not know 

either how manufacturing processes will change due to Industry 4.0. On top of that, 

Industry 4.0 may indeed not require major changes from manufacturing processes as 

discussed earlier in this thesis.  

 Theoretical Contribution and Managerial Implications 

This thesis contains theoretical contributions in the theoretical framework, as well as in 

the analysis. First of all, the researchers conducted a literature review to summarize 
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challenges of Industry 4.0 adoption identified by previous research. Moreover, the 

researchers suggest their own process for the adoption of technological innovation 

based on models suggested by other researchers. The researchers moreover suggest a 

maturity model for Industry 4.0 which also depicts a theoretical contribution.  

Regarding the first research question, the challenges that derived from the literature 

review were then operationalized to ask interviewees about which challenges they 

perceived as most critical to their organizations.  

The analysis contributes to theory by providing an overview on most influential 

challenges of Industry 4.0 adoption based on the empirical data. Furthermore, the cross-

case analysis enabled the researchers to cluster the challenges based on how critical 

they were seen by the individual case companies. This cluster depicts another 

theoretical contribution of this thesis.  

Concerning the second research question the researchers were able to build three 

themes that reflect adjustments that Industry 4.0 requires from conventional 

manufacturing processes. These clusters contribute to theory by identifying 

prerequisites and changes to manufacturing processes induced by Industry 4.0. 

However, as discussed earlier in this thesis, it was difficult to use theory in the analysis 

for the second research question because of the lack of research in this field.  

It can therefore be summarized that this thesis contains important theoretical 

contributions to the theoretical framework of Industry 4.0. The findings can also be 

considered as valuable from a societal and ethical perspective as discussed earlier in this 

thesis.  

With regards to managerial implications of this thesis it can be said that the findings 

help managers to achieve an understanding of challenges of Industry 4.0 adoption. 

Awareness of these challenges allows managers to react upon them to enable a smooth 

adoption of Industry 4.0. The findings from the second research question provide an 

insight into prerequisites for Industry 4.0 adoption as well as implications of the 

adoption. Therefore, it can be summarized that the findings of this thesis support 

managers in the decision step of the innovation adoption process.  

Overall, it can be said that this thesis contains valuable theoretical contributions as well 

as managerial implications.  
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 Limitations and Generalizability 

Research delimitations and further occurred limitations need to be considered in this 

research. The high number of cases and interviewees could help to reduce the influence 

of potential participant errors and bias. However, different understandings of the terms 

used to describe the identified Industry 4.0 challenges depict a limitation. The research 

focused on the challenges of Industry 4.0 adoption with a focus on manufacturing. This 

mainly involved production and IT as independent departments. Challenges across these 

departments, such as communication, were not considered in this study. Furthermore, 

this research focused on manufacturing processes, other types of business process in the 

supply chain according to the SCOR model were not considered. Also, manufacturing 

processes different among the individual cases since the organizations and their 

products differed. It can be summarized that the findings concerning the first research 

question can be generalized due to the high quality of collected data. The findings 

concerning the second research question can also be generalized to some extent; the 

three themes that were found across cases can be generalized while the finding that 

Industry 4.0 does not induce major changes to manufacturing processes needs to be 

validated by further research. Moreover, it is worth mentioning that the researchers of 

this thesis managed to develop models that enabled a standardized comparison among 

the different cases which led to a high degree of validity.  

 Suggestions for further Research 

Taking both the findings of this research as well as its limitations into consideration, 

some suggestions for further research can be made. Firstly, this research focused on the 

make process of the SCOR model. Further research is required to investigate the 

implications and challenges of Industry 4.0 in other processes of the SCOR model, such 

as plan, source, return, deliver and enable. Secondly, an expansion of the scope of the 

interviews might be helpful to be able to look more in detail at the process landscapes 

of the case companies. Moreover, it might be helpful to interview people from different 

departments such as supply chain, finance or marketing to generate a more holistic view 

on the topic. Thirdly, different types of industries as well as different geographical 

regions could be investigated to create more generalizable findings  

Fourthly, it can be stated that it might be helpful to create a business case for 

sustainability for Industry 4.0 to show which value Industry 4.0 creates from an 

economic, environmental and social perspective.  
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Appendix A 

Manufacturing Processes – SCOR  

The aim of supply chain processes is to create value for the consumer and minimize the 

use of resources for the focal company. Therefore, the Supply-Chain Operations 

Reference-model (SCOR) has been developed by the Supply-Chain Council (SCC) to 

describe, measure and evaluate supply chains. The SCOR framework includes six 

business processes, these are plan, source, make, deliver, return and the new standard 

process, enable (Ben-Daya, Hassini and Bahroun, 2017; APICS, 2017). “Planning” 

refers to balancing the total demand and supply, then work out the best sourcing, 

production and delivery action plan. The process of “sourcing” is supposed to be 

aligned with the planned or actual demand to purchase goods and procure services. 

“Make” can be summarized as the transformation of products to the completed state in 

accordance with the planed or actual demand. The process of “delivery” includes order 

management, transportation management and distribution management to offer finished 

goods and services to achieve the planned or actual demand. The “return” process is 

about returning or receiving returned products for any reason (Jonsson, 2008). The last 

process is “enable” which refers to managing the supply chain with regards to business 

rules, performance, data and information, human resources, assets, contracts, network, 

regulatory compliance, risk, procurement and technology. Moreover, the supplying 

company, focal company and customer company will perform all six process types in 

the middle of this model (Jonsson, 2008; APICS, 2017). The SCOR framework can be 

seen in Figure 20 this thesis will focus on manufacturing processes. The red boxes in 

the diagram below highlight the position of manufacturing processes in this model to 

clarify the manufacturing processes for RQ2. 
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Figure 20 SCOR is organized around six major management processes (APICS, 2017, p. V) 
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Appendix B 

Case A 

1. Purpose of Industry 4.0 adoption 
1.1 What is the purpose of your Industry 4.0 adoption decision? 

The purpose of our Industry 4.0 adoption decision is to increase and ensure quality.  

1.2 What benefits do you wish to see?  

Through the adoption of Industry 4.0 technologies we hope to be able to increase quality 

and to reduce costs. Furthermore, we want to reduce environmental impacts. Currently we 

still use many pneumatic tools for tightening. As part of our Industry 4.0 adoption we will 

use more electric driven tools which will reduce our energy consumption since pressurized 

air is very energy consuming to produce.  

2. Innovation process 
2.1 Have you already decided which Industry 4.0 technologies to adopt in your organization? 

We want to equip more tools with sensors that deliver data that we can use to monitor and 

control our production processes. We are currently working on AR glasses and hope to 

introduce them for training purposes in our production. Otherwise we have decided to 

gradually increase the degree of automation in our production line by introducing robots. 

These currently perform first tasks that are dangerous for humans, e.g. lifting of heavy 

goods or painting.  

3. State of adoption 
Please answer what you do today and what you wish to do in the future.  

3.1 Do your machines communicate with each other to exchange information to ensure a 

smooth flow of goods in your production line? 

Yes, we have programmable logic controllers (PLC) for every production line that is 

connected to the steering cabinet.  

3.2 Can the line supervisor view information from machines, sensors and controllers in your 

production line to ensure seamless flows and prevent breakdowns? 

It is possible to see information from sensors and controllers in real-time.  

3.3 Can you track the movement of inventory through your production and internal logistics? 

We currently attach an RFID tag on every truck, but we want to do more with this in the 

future. For the future we are considering building up a location system or geofencing 

system.  

3.4 Do any of your machines tell you when they need maintenance? (All, many, few, some) 

They do not tell exactly when they need maintenance but it possible to see the status of 

every machine.  
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3.5 Can you check the status of your production line from a distance? 

Yes, that is possible.  

3.6 Do you use data obtained from various machines and sensors to analyze your 

manufacturing processes? 

A little bit, yes. This is not yet automated, so the data needs to be analyzed manually, but it 

is possible.  

3.7 Do you receive customer demands and forecasts in real-time? 

Someone here on the production site certainly works with it, but not me. So I cannot really 

answer this question.  

3.8 Do you work with cloud-based systems in manufacturing? 

We will soon release a new MES system that will be cloud-based, yes. 

3.9 Do you apply Augmented Reality Glasses or Displays in your production as a support for 

complex assembly? (Example: with AR Glasses I could repair a helicopter). 

In our pick processes we use pick-by-light systems, but we have a project going on that 

seeks to replace this with AR-glasses. 

3.10 Do you use predictive analysis to predict machine breakdowns in your 

production line? 

Yes, we try to do this. Collaborating systems can help to predict machine breakdowns.  

4. Challenges to Industry 4.0 adoption 
We have collected challenges to Industry 4.0 adoption that were discovered by previous 

research and we have clustered them into technological, organizational and 

environmental challenges. 

4.1 Please name the three technological challenges that you believe are most difficult for you to 

handle? 

Complexity, Standardization and Information Security. 

4.1.1 Please rank these three 

1. Complexity, 2. Standardization and 3. Information Security.  

4.2 Please name the three organizational challenges that you believe are most difficult for you 

to handle? 

Costs, Management Support and Skills.  

4.2.1 Please rank these three 

1. Skills, 2. Management Support and 3. Costs 

4.3 Which environmental challenge do you think is most difficult for you to handle? 

       1. Network Externalities and 2. Competitive pressure, both are relevant for us.  

4.4 Looking at the most crucial challenges from each cluster. How would you rank them? 

Overall, the organizational challenges are most critical for us.  
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5. Adjustment of conventional manufacturing processes 
5.1 Which adjustments did you do to your manufacturing processes in the course of industry 

4.0 adoption? 

Not so much yet, there has been a lack of understanding that this job is so connected to IT. 

However, we are currently working towards a paperless factory so we have started to attach 

RFID tags to the cabins that contain all the required information about the order.  

5.2 Which adjustments do you think you will have to do in the future? 

We need to ensure correct documentation of everything we do to make sure that changes 

will not be lost and to prevent competences from disappearing.  

5.3 How does the reduction of manual activities affect your production? 

Probably that will lead to an increase in quality and economic aspects. It is also good for 

workers since that will reduce physical harm and accordingly medical costs and hospital 

time. Another consequence is that robots quire more space on the shop floor.  

5.4 Which affects does machine-to-human communication have on your production? 

There clearly is a lack of knowledge when it comes to this, these systems are not designed 

to be user friendly. What we see it that people are not sure about how to use these systems.  

5.5 How does traceability of products affect your production processes? 

That makes it easier to standardize and to detect deviations in our production.  

5.6 How do you think shared manufacturing resources and manufacturing on-demand will 

affect your production processes? 

Well, we do not really share manufacturing resources so far. We manufacture some 

products for customers within our group. Issues that we face here are that we do not want to 

make our production processes transparent to them since we also compete with these 

companies. So a main challenge here is Information Security.  
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Case B 

Interviewee B-Internal 

1. Purpose of Industry 4.0 adoption 
1.1 What is the purpose of your Industry 4.0 adoption decision (vision and mission)? 

The purpose of our Industry 4.0 adoption decision is to achieve the optimal mix of 

quality, costs and time. That requires a lot of change management in our 

organization. We want to create value for our suppliers and customers. Our main 

goal is to increase customer satisfaction. I would like to add that I see this rather as 

an incremental revolution in small steps.  

1.2 What benefits do you wish to see? (Such as reduced costs, increased quality, better 

safety at work and work conditions, reduction of environmental impacts and 

increased productivity) 

We want to increase customer satisfaction which is why we increasingly employ 

data driven business models. But we also have financial goals, we want to save 1 

billion USD until 2020 through Industry 4.0 in our organization.  

2. State of adoption 
Please answer what you do today and what you wish to do in the future.  

2.1 Do your machines communicate with each other to exchange information to ensure 

a smooth flow of goods in your production line? 

Yes, we have connected our machines and tools in so called cyber-physical systems.  

2.2 Can the line supervisor view information from machines, sensors and controllers in 

your production line to ensure seamless flows and prevent breakdowns? 

Our line supervisors can view all the information that is collected by machines and 

sensors because they are all connected to our production systems.  

2.3 Can you track the movement of inventory through your production and internal 

logistics? 

We use RFID and NFC to track the movement of inventory in our production.  

2.4 Do any of your machines tell you when they need maintenance? (All, many, few, 

some) 

To some extent they tell us when they need planned maintenance.  

2.5 Can you check the status of your production line from a distance? 

You can connect to our production lines via VPN and monitor the status of the lines. 
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2.6 Do you use data obtained from various machines and sensors to analyze your 

manufacturing processes? 

Yes, we use big data to optimize our production, the use of energy and we aim to 

reduce failure rates in our production by the use of collected data.  

2.7 Do you receive customer demands and forecasts in real-time? 

That is not exactly my area so it is hard for me to answer this question  

2.8 Are you able to use this to influence manufacturing processes? 

- 

2.9 Are you able to share resources to manufacture on demand? 

We do not manufacture on-demand.  

2.10 Do you work with cloud-based systems in manufacturing? 

We use cloud based systems to connect our plants and to monitor them in real-time.  

2.11 Do you apply Augmented Reality Glasses or Displays in your production 

as a support for complex assembly? (Example: with AR Glasses I could repair a 

helicopter). 

We offer AR glasses as a tool for car manufacturers to make maintenance easier. So 

far, we do not use them in manufacturing or assembly lines.  

2.12 Do you use predictive analysis to predict machine breakdowns in your 

production line? 

Yes, we use predictive analysis and try to conduct predictive maintenance to prevent 

our machines from breaking down.  

3. Challenges to Industry 4.0 adoption 
We have collected challenges to Industry 4.0 adoption that were discovered by previous 

research and we have clustered them into technological, organizational and 

environmental challenges. 

3.1 Please name the three technological challenges that you believe are most difficult 

for you to handle? 

Information Security, Data Challenges and Complexity.  

3.1.1 Please rank these three 

1. Complexity, 2. Data Challenges and 3. Information Security. 

3.2 Please name the three organizational challenges that you believe are most difficult 

for you to handle? 
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Costs and skills are main challenges for us, the others do not seem so relevant for 

us.  

3.2.1 Please rank these three 

1. Costs, 2. Skills 

3.3 Which environmental challenge do you think is most difficult for you to handle? 

We do not see these challenges so much, maybe network externalities can be seen as 

a driver towards Industry 4.0. 

4. Adjustment of conventional manufacturing processes 
4.1 Which adjustments did you do to your manufacturing processes in the course of 

industry 4.0 adoption? 

Our production lines are already aligned with Industry 4.0 through consequent 

implementation of Lean Manufacturing principles. Otherwise, this is mainly a 

question of how you want to organize your infrastructure. E.g., do you want to use 

magnetic lines, do you want to use cameras or sensors? Furthermore, you need Wi-

Fi on your shop floor which was not exactly a standard before. You also need to 

make sure that you have all required sensors in place. Active cockpits may be 

required so you need to decide where to place them. Changes to the stock layout 

may also be required if you want robots to work hand in hand with humans.  

4.2 Which adjustments do you think you will have to do in the future? 

- 

4.3 When your customers face the challenges of……… (Top challenges from part 2) 

…………………., what can you do to fix it? 

Well, let us say the reduction of complexity is one of the reasons why this 

department was created. We want to reduce complexity through people who are 

aware of it and are experts in this field, so they can simplify the concepts an explain 

them to others in the organization. Furthermore, we test solutions in our own plants. 

4.4 How does the reduction of manual activities affect your production? 

We try to reduce the number of shifts to reduce manufacturing costs. More precisely 

we aim to handle more orders with the same number of people. Human resources try 

to develop trainings to prepare employees for the future. In this company we do not 

fire people as part of our Industry 4.0 adoption, but what we might see is that we do 

not hire new people when people retire.  
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4.5 Which affects does human-to-machine communication have on your production? 

Some employees do not want this, we had pilot projects that have shown that this is 

mainly an acceptance issue. 

4.6 How does traceability of products affect your production processes? 

It opens up new possibilities, today we can not only track the location of goods, also 

environmental conditions such as humidity or vibration. This helps for example to 

reduce insurance costs for sensitive products, because when something goes wrong 

it is way easier to say who was responsible for that.  

Interviewee B-External 

1. Purpose of Industry 4.0 adoption 
1.1 Why do your customers choose to adopt Industry 4.0 (vision and mission)? 

In parts because it is a huge global trend and therefore many companies feel that 

they must join this wave. Many customers approach us for instance and ask us for 

help to create a paperless factory.  

1.2 What benefits do they wish to see? (Such as reduced costs, increased quality, better 

safety at work and work conditions, reduction of environmental impacts and 

increased productivity) 

All examples that you mentioned, mostly saving costs and enabling better working 

conditions.  

2. Challenges to Industry 4.0 adoption 
We have collected challenges to Industry 4.0 adoption that were discovered by previous 

research and we have clustered them into technological, organizational and 

environmental challenges. 

2.1 Please name the three technological challenges that you believe are most difficult 

for you to handle? 

2.1.1 Please rank these three 

1. Compatibility, 2. Data Challenges and 3. Security. 

2.2 Please name the three organizational challenges that you believe are most difficult 

for you to handle? 

2.2.1 Please rank these three 

1. Costs and 2. Skills 
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2.3 Which environmental challenge do you think is most difficult for you to handle? 

Competitive pressure is something that is important for our customers. 

3. Adjustment of conventional manufacturing processes 
3.1 Which adjustments did you do to your customers manufacturing processes in the 

course of industry 4.0 adoption? 

We have introduced something that we call “production performance manager” that 

can store information such as humidity and temperature. We also use predictive 

analysis to predict machine breakdowns. But basically, with the systems that we 

offer, big changes to production processes are not required. We just put the sensors 

in place. Our strategy of being lead user and lead provider forces us to develop 

solutions that do not require big changes. What we normally do when we implement 

new technology for a customer is that we talk to the IT architect of the plant to work 

hand in hand with them. But that should not be the biggest challenge. We provide 

“retrofit solutions”, which means they are usually compatible with older systems.  

3.2 Which adjustments do you think they will have to do in the future? 

First of all, a mind change is required. And the consequent implementation of Lean 

Management principles that we consider as the basis of Industry 4.0. We need to 

think about how we can do what we do every day in the most efficient way. Also, 

we need IT systems that are more open and communicating and open interfaces. We 

have defined 7 identification points of Industry 4.0, one of them is> open systems.  

3.3 When your customers face the challenges of……… (Top challenges from part 2) 

…………………., what can you do to fix it? 

We work in projects with our customers, so we when we face a challenge we always 

try to keep in mind that the job can be cone, but it requires resources. We then 

normally ask our customer to find the right people for us to talk to to solve the 

challenge.  

3.4 How does the reduction of manual labor / activities affect their production? 

This is something that we do not see as an issue in our organization, so neither our 

managers nor our employees are really worried about this. When we talk to our 

customers, the impression we get is sometimes different. Our customers and in 

especially their employees are scared. Then I always try to explain to them that jobs 

will not disappear, they will just change. Look at the following example. Maybe one 

hundred years ago we had the job of a shoe maker. Although people still wear 
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shoes, this job has disappeared. The production of shoes is highly automated, 

instead of tailored shoes we buy mass produced shoes. So contemporary shoe 

makers need to be able to use complex machines. As a consequence, the image of a 

job evolves as additional skills are added. So yes, I believe that we will have the 

same amount of jobs in the future, but they will be different from today.  

3.5 Which affects does machine-to-human communication have on their production? 

We have made very different experiences with that, I can tell you the story about an 

experience we made with a customer where we installed a machine-to-human robot. 

One day, the customer called us and said the robot had been damaged, we visited to 

customer to see what happened. Someone had attacked the robot with a knife, 

probably employees who saw the robot as a threat and thought the robot was meant 

to replace them. But the purpose was actually to make their work physically easier 

and more efficient. We learned a lot from this incident. We realized that it was 

pointless to investigate who had damaged the robot. Instead, we needed a generic 

strategy and a communication strategy that explains to the customer’s employees 

how the robot creates value and how it helps them with their work. 
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Case C 

Interviewee C-Consultant 

1. Purpose of Industry 4.0 adoption 
1.1 What is the purpose of your Industry 4.0 adoption decision (vision and mission)? 

The purpose of our Industry 4.0 adoption decision revolves around the magic 

triangle of quality, cost and time.  

1.2 What benefits do you wish to see? (Such as reduced costs, increased quality, better 

safety at work and work conditions, reduction of environmental impacts and 

increased productivity) 

We want to increase transparency, improve our shop floor management and 

eliminate media brakes. Our goal is to increase our productivity by 6 percent each 

year.  

2. State of adoption 
Please answer what you do today and what you wish to do in the future.  

2.1 Do your machines communicate with each other to exchange information to ensure 

a smooth flow of goods in your production line? 

Our machines communicate with the higher levels of our IT infrastructure, i.e. our 

ERP system and our MES system. Therefore, all machines are connected and are 

able to communicate.  

2.2 Can the line supervisor view information from machines, sensors and controllers in 

your production line to ensure seamless flows and prevent breakdowns? 

Yes, we have access to this data through an app and the intranet.  

2.3 Can you track the movement of inventory through your production and internal 

logistics? 

It is possible to use data matrix codes to track sheet metal throughout the 

production.  

2.4 Do any of your machines tell you when they need maintenance? (All, many, few, 

some) 

Partly they tell us, mostly when they require planned maintenance.  

2.5 Can you check the status of your production line from a distance? 

Yes, basically all the information that we can see on the dashboards in our 

production is also available from a distance.  
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2.6 Do you use data obtained from various machines and sensors to analyze your 

manufacturing processes? 

Yes, we always monitor KPIs to constantly improve our production.  

2.7 Do you work with cloud-based systems in manufacturing? 

Yes, our systems are cloud based. That makes it easier to exchange crucial 

information, such as drawings. 

Interviewee C-Business Developer 

1. Purpose of Industry 4.0 adoption 
1.1 What is the purpose of your Industry 4.0 adoption decision (vision and mission)? 

Many of our customers are really small and they do not know how to manage 

processes. We want to help customers to play the game, we have all the competency 

available to consult them and to help them understand their processes, products and 

problems. We help them understand their requirements to the digital transformation.  

1.2 What benefits do you wish to see? (Such as reduced costs, increased quality, better 

safety at work and work conditions, reduction of environmental impacts and 

increased productivity) 

Our customers want to make more money with the same resources. That requires 

reduced throughput times and connected systems to make this change possible. At 

the same time our customers face the challenges of reduced lot sizes.  

2. State of adoption 
Please answer what you do today and what you wish to do in the future.  

2.1 Do your machines communicate with each other to exchange information to ensure 

a smooth flow of goods in your production line? 

Yes, our machines communicate with higher levels of the IT infrastructure which 

enables machine-to-machine communication. We also see a clear need to be 

connectable to machines.  

2.2 Can the line supervisor view information from machines, sensors and controllers in 

your production line to ensure seamless flows and prevent breakdowns? 

Yes, we provide video streaming solutions to see what happens inside our machines. 

Also, we provide app versions of software for smartphones and tablets. It is possible 

to receive notifications when our machines have problems for instance with the 

cooling systems. This helps our customers to prevent machine breakdowns. On top 
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of that we have experts that can view laser data from a distance in real-time and 

analyze it to help our customers prevent breakdowns of our laser machines.  

2.3 Can you track the movement of inventory through your production and internal 

logistics? 

We are currently developing indoor tracking solutions, but these are not yet ready to 

market. In our industry this is a challenge because we provide machines for 

processing of sheet metal. Naturally, sheet metal has the characteristic of being 

shielding.  

2.4 Do any of your machines tell you when they need maintenance? (All, many, few, 

some) 

Some of our machines tell us if they need few maintenances.  

2.5 Can you check the status of your production line from a distance? 

Yes, this is possible with an app. For our customers this also depends on their 

networking policy. 

2.6 Do you use data obtained from various machines and sensors to analyze your 

manufacturing processes? 

We use the data obtained from various machines to understand the bottleneck. 

However, so far, the analysis needs to be done manually, this is not automated yet.  

2.7 Do you receive customer demands and forecasts in real-time? 

Our own production is quite so predictable, for our customers it is more difficult to 

plan.  

2.8 Are you able to use this to influence manufacturing processes? 

Well, we consider this to be a basic task of every production planning process.  

2.9 Are you able to share resources to manufacture on demand? 

We have just opened a smart factory in Chicago. The factory will be used as a 

service for our customers when they face a peak. They can use this factory to 

manufacture on-demand. We use this factory to explore the demand for such as 

factory, if it goes well it is possible that we start similar factories in Asia and 

Europe.  

2.10 Do you work with cloud-based systems in manufacturing? 

We have just started a new startup that provides cloud services to our customers, so 

we use some of the functionalities provided by them. However, sometimes cloud 

based systems may not be fast enough. Also, we feel that even though cloud-based 

systems have many advantages, not all data needs to be stored in the cloud.  
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2.11 Do you apply Augmented Reality Glasses or Displays in your production 

as a support for complex assembly? (Example: with AR Glasses I could repair a 

helicopter). 

We use AR solutions that have been developed by our US subsidiaries to guide 

service technicians for maintenance. We provide these solutions both to customers 

and new service technicians so that they can be guided by highly skilled and 

experienced technicians. At the moment it is questionable if these glasses could be 

used for a longer time. I think that some routinizing is required here.  

2.12 Do you use predictive analysis to predict machine breakdowns in your 

production line? 

For our laser machines we are in a pilot stage, so yes, we use predictive analysis. 

However, this is still in development.  

3. Challenges to Industry 4.0 adoption 
We have collected challenges to Industry 4.0 adoption that were discovered by previous 

research and we have clustered them into technological, organizational and 

environmental challenges. 

3.1 Please name the three technological challenges that you believe are most difficult 

for you to handle? 

3.1.1 Please rank these three 

1. Compatibility, 2. Scalability and 3. Standardization.  

3.2 Please name the three organizational challenges that you believe are most difficult 

for you to handle? 

3.2.1 Please rank these three 

1. Management Support, 2. Size and 3. Skills 

3.3 Which environmental challenge do you think is most difficult for you to handle? 

      1. Network externalities, 2. Competitive pressure.  

3.4 Looking at the most crucial challenges from each cluster. How would you rank 

them? 

Employee support is crucial, they may be scared, and it takes time to convince them. 

Management support can do a lot here. However, our own employees have nothing 

to be scared of, our customer’s employees may be more scared.  

4. Adjustment of conventional manufacturing processes 
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4.1 Which adjustments did you do to your manufacturing processes in the course of 

industry 4.0 adoption? 

In an ideal world, the current processes need to be optimized. Today, sometimes 

customers need to adjust their processes to software, which is not the ideal world. 

Potential changes concern production and warehouse layout and lean optimization. 

In my opinion, it is impossible to do Industry 4.0 without Lean Management. That is 

also where you get a Smart Factory in comparison with a Lean Factory. 

4.2 Which adjustments do you think you will have to do in the future? 

Hopefully we will be able to receive more automated feedback. Guess we will have 

to automate as many signals as possible. Maybe it will be necessary to use more 

data as a basis for analysis. We want our solutions to be plug & play solutions, this 

is mostly dependent on interfaces. Standardized machines have to be used, we use 

OPC/UA Interfaces that are compatible with most ERP/MES systems. For most of 

our customers these interfaces are even basic requirements, otherwise they do not 

buy our machines.  

4.3 When your face the challenges of……… (Top challenges from part 2) 

…………………., what can you do to overcome these challenges? 

Then we have to deal with it internally and see if we can find a solution. This is 

sometimes really frustrating because it means quite a lot of homework for us 

without being able to release new products.  

4.4 How does the reduction of manual labor / activities affect your production? 

We think it makes sense to optimize manual labor, sometimes it is also not possible. 

It is for instance rather difficult to automatize quality checks. I think the focus of 

tasks will change which will affect skills and requirements.  

4.5 Which affects does human-to-machine communication have on your production? 

It will be easier to operate machines, we can see this for example by looking at 

Smart Phones. Today, it is a lot easier to share pictures with your friends. The same 

goes for the operation of machines.  

4.6 How does traceability of products affect your production processes? 

That makes it easier to find products and orders faster. And it enables us to create a 

data basis for process improvement and Lean Management optimization. 

4.7 What kind of training does Industry 4.0 require from employees? 

The content of trainings depends on tasks and personal skills of the individual 

employees. We employ digital training methods and e-learning.  
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4.8 How does the increasing demand of skilled labor affect your production processes? 

Our customers mostly face the challenge that they do not find operators for welding 

and bending. We are confident that automation and robots will help to overcome the 

lack of skilled people in this area.  

4.9 How does Industry 4.0 affect your customer requirements? 

Our customers have clear connectivity requirements. They send us requirement 

sheets. Also, we see that they increasingly want a solution provider rather than a 

company that simply sells machines to them.  

4.10 Do you think Industry 4.0 will re-industrialize developed countries? 

Why should companies move away from Asia again? Many companies have 

investments there and are happy with their productions in Asia. At the same time, I 

think it is important that manufacturing should still be attractive in Germany. 

Industry 4.0 will do a lot when it comes to this.  

4.11 How do you think shared manufacturing resources and manufacturing on-

demand will affect your production processes? 

This might still be far away from our perspective, it might be useful or not be 

useful, we will see how it goes with our factory in Chicago where we share 

manufacturing resources with customers 
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Case D 

Interviewee D-IT 

1. Purpose of Industry 4.0 adoption 

1.1 What is the purpose of your Industry 4.0 adoption decision (vision and mission)?  

The purpose of our Industry 4.0 adoption decision is getting better quality, reduction 

of production time and achieving higher traceability.  

1.2 What benefits do you wish to see? (Such as reduced costs, increased quality, better 

safety at work and work conditions, reduction of environmental impacts and 

increased productivity) 

We want to improve our product quality, reduce our production time and increase 

transparency which is both the purpose of our adoption decision and the benefits 

that we want to see.  

2. Challenges to Industry 4.0 adoption 

We have collected challenges to Industry 4.0 adoption that were discovered by previous 

research and we have clustered them into technological, organizational and 

environmental challenges. 

2.1 Please name the three technological challenges that you believe are most difficult 

for you to handle? 

2.1.1 Please rank these three 

1. Compatibility / standardization 2. Data challenges and 3. Scalability 

2.2 Please name the three organizational challenges that you believe are most difficult 

for you to handle? 

2.2.1 Please rank these three 

1. Costs, 2. Skills and 3. Management support 

2.3 Which environmental challenge do you think is most difficult for you to handle? 

1. Competitive pressure, 2. Network externalities.  

2.4 Looking at the most crucial challenges from each cluster. How would you rank 

them? 

Employee skills are crucial because different technologies require different skills 

from workers. At the same time, management support is important because Industry 

4.0 requires resource, both financially and in terms of people. These have to be 

provided by the management.  
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3. State of adoption 

3.1 Could you please give us an overview on what you have done so far with regards to 

Industry 4.0? 

We control our machines by the serial numbers of the products, we collect data from 

test systems and we transfer a lot of data from our production to data bases. We 

have also started to work with some Big Data approaches where we collect data to 

improve our production processes. We also use predictive analysis to predict 

problems with our suppliers to maintain a smooth flow of goods. We have achieved 

an increased transparency by saving a lot of data about our manufacturing. But also 

internally we have been able to increase transparency by installing KPI dashboards 

that constantly show information on quality, productivity, output, 6S and other real-

time data about our production. For the future we plan to work with machine 

learning but rather as a tool for sales prognosis.  

4. Adjustment of conventional manufacturing processes 

4.1 Which adjustments did you do to your manufacturing processes in the course of 

industry 4.0 adoption? 

All in all we provide more displays, terminals and computers in our production. We 

have also introduced new devices and mobile clients. Our instructions have changed 

from paper to other media, so we are currently on our way to a paperless factory. 

We also work on increasing our one-piece-flows. What we see is that Industry 4.0 

requires more discipline from employees to get these systems to work.  

4.2 Which adjustments do you think you will have to do in the future? 

We have introduced laser systems that engrave data-matrix codes on products. This 

will increase transparency on our production because it enables us to store data on 

individual parts. At the same time, it increases the traceability of our products. In 

the future we hope that we will be able to replace a lot of manual work stations with 

fully automated work stations.  

4.3 When your face the challenges of……… (Top challenges from part 2) 

…………………., what can you do to overcome these challenges? 

We plan to create adaptors / software solutions by ourselves and we will have to 

create systems that can handle these challenges by themselves. We have created a 

communication stock or interface by ourselves that keeps track on the inventory 
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level of goods. This was a project that took a lot of time but that we believe will 

create value for our customers.  

4.4 How does the reduction of manual labor / activities affect your production? 

We are qualifying our employees to use new machines. We also try to increase the 

output of our production with the same amount of people by giving them new tools. 

In future, we want our employees in production to feed machines rather than doing 

pressing for instance by themselves. On top of that, it is really difficult in this region 

to find qualified people. The population of this area is limited and we have four or 

five world class manufacturers in this area and an unemployment rate that is far 

below average. So training the people we have is crucial for our future.  

4.5 Which affects does machine-to-human communication have on your production? 

We have been able to introduce more computer guided working instructions due to 

this. We also have computer assisted production with cameras that do quality 

checks. In our production we have displays that measure the torque of screws and 

store this data. We will have more machine-to-human interfaces in the future that 

will be able to give direct feedback. This way we hope to face less quality issues in 

the future.  

4.6 How does traceability of products affect your production processes? 

It can help to make our production processes more transparent. And it will ensure 

the right order. Traceability will certainly also increase accuracy.  

4.7 What kind of training does Industry 4.0 require from employees? 

-- 

4.8 How does the increasing demand of skilled labor affect your production processes? 

-- 

4.9 How does Industry 4.0 affect your customer requirements? 

We see some affects regarding the data formats that we use to exchange information 

with customers. Today, data from CAD can be used to program machines at the 

same time. Before, we had machine data on one hand and machine data on the other 

hand. Now this is connected and our customers require us to exchange this 

information with them.  

4.10 Do you think Industry 4.0 will re-industrialize developed countries? 

We use 3D printing but today it is still mostly used for prototyping. We do not see it 

as a tool to create final products yet.  
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4.11 How do you think shared manufacturing resources and manufacturing on-

demand will affect your production processes? 

We do not exactly use shared manufacturing resources.  

 

Interviewee D-HR 

5. Adjustment of conventional manufacturing processes 

5.1 How does the reduction of manual labor / activities affect your production? 

This is something that I cannot answer because this is a topic that the production 

manager has to deal with. Generally, I can stress here that it is very difficult for us 

to find qualified people due to the region where we are located but also the size of 

our organization.  

5.2 What kind of training does Industry 4.0 require from employees? 

Our colleges have to be educated for special systems by the system providers. We 

also need more organizational education around topics of behavior, quality, 

compliance and data protection. Generally, we want to develop our employees and 

give them the possibility to get to know all areas and products. In our group we have 

our own academy that provides our employees with education, every quarter we 

have technology days here in the plant where we invite suppliers to present their 

products to transfer their knowledge to our employees.  
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Case E 

Case E 

Interviewee E-CFO and E-Production together. Unlike the other interviews this 

interview was rather an open discussion round.  

1. Purpose of Industry 4.0 adoption 

1.1 If you wanted to pursue your plans of adopting Industry 4.0, what would be the 

purpose of your Industry 4.0 adoption decision (vision and mission)?  

The purpose of our Industry 4.0 adoption decision to increase efficiency in our 

production. This refers both to pass-through times, but also costs and quality. 

Another issue we face is that around 65 percent of our total costs are material costs, 

so labor costs are around 35 percent. So, it would really help us a lot if we were able 

to use our material resources more efficiently.  

2. Challenges to Industry 4.0 adoption 

We have collected challenges to Industry 4.0 adoption that were discovered by previous 

research and we have clustered them into technological, organizational and 

environmental challenges. 

2.1 Please name the three technological challenges that you believe are most difficult 

for you to handle? 

2.1.1 Please rank these three 

1. Data Challenges, i.e. variety 2. Standardization and 3. Compatibility 

2.2 Please name the three organizational challenges that you believe are most difficult 

for you to handle? 

2.2.1 Please rank these three 

1. Management Support, 2. Costs, 3. Skills and 4. Size 

2.3 Which environmental challenge do you think is most difficult for you to handle? 

1. Competitive pressure, 2. Network externalities.  

2.4 How would you describe your competitive position on the market? 

At the moment, our competitive position is rather strong, and we think an important 

point here is that we are really strong globally. We have expanded our business to 

Bulgaria, India and China in just around 15 years and we see that our organization is 

growing really fast abroad. We know that our suppliers and customers want high 
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quality at low costs but they have not requested us to work with Industry 4.0 so far. 

Now that we think about it, we wonder why? Actually, it is strange that we have not 

gotten more pressure from them. A good starting point would probably be to 

increase the degree to which we are integrated with suppliers and customers. 

3. Adjustment of conventional manufacturing processes 

3.1 Which adjustments do you think you will have to do in the future when you start 

adopting Industry 4.0 in your manufacturing processes? 

We clearly need to do something with our ERP system and that will most likely 

change our way of working. The reason why we see a need to change our ERP 

system is first and foremost that we want to increase the standardization between 

our plants, to share information better and to be able to work on our common 

products everywhere. Our business mostly revolves around projects which means 

that it is probably difficult for us to introduce robots, especially with our 

requirements towards quality. Also, production of wiring harnesses is rather 

difficult to automate. Probably before we start introducing Industry 4.0 in our 

organization we need to introduce some older technologies that are more or less 

standard today in many organizations. We have started to work with barcodes now, 

maybe pick-by-voice is something that would be interesting for us as well. Both for 

our assembly but also for installation AR might be interesting in the future. We have 

reduced the amount of paper in our factory by installing a takt system to keep track 

on which product the individual workers work on at the moment. This is used to 

control which instructions are displayed on the screens in our factory. 

3.2 How does the reduction of manual labor / activities affect your production? 

Due to the low volumes that we produce it is difficult for us to reduce the amount of 

manual labor. What we have chosen to do is to move from high-cost countries like 

Sweden to low-cost countries such as India and China. But these decisions were not 

only driven by costs but also by our customers who wanted to follow us to where 

they are located.  

3.3 How does traceability of products affect your production processes? 

We do not follow individual products in our production, we store information on 

batches though. That is the highest level of detail where we store data. In testing we 

store more data, every single item is given a serial number based on which 

customers can request testing reports if they need them.  


