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Abstract 

Manufacturing companies are currently going through exciting times. Technological 

developments follow each other up in high pace and many opportunities occur for companies 

to be smarter than their competitors. The disruptive notion of these developments is so big that 

people talk about a new, fourth, industrial revolution. This industrial revolution, that is being 

characterized and driven by seven drivers is called industry 4.0. The popularity of this industrial 

revolution is seemingly apparent everywhere and is being described, by some, as 

“manufacturing its next act”. Even though this sounds promising and applicable to every 

company, the practical consequences and feasibility are, most of the times, being overlooked. 

Especially a theoretical foundation on differences in feasibility between small and medium - 

sized enterprises (SMEs) and large firms is missing. In this thesis, we are going to take the 

reader through a journey that will help readers understand the positioning and perspective of 

firms regarding industry 4.0 and eventually the practical effects of industry 4.0 on business 

models of manufacturing firms will be presented. This research provides enough clarity on the 

topic to answer the follow research questions. 

This thesis aims to fill the gap in available research in which business model change is being 

linked to industry 4.0. Due to the novelty of industry 4.0 few researches on the practical effects 

are not yet fully explored in the literature. Business models, a more traditional area of research, 

has not yet touched upon the effects industry 4.0 has on the business models of company. Our 

purpose is to combine these two topics and provide both SMEs and large firms an overview on 

what the effects of industry 4.0 are in practice. Furthermore, the perspectives and positioning 

of our sample firms can provide clarity for potential implementers, since wide range of 

participants provide different insights on the topic and therefore give clarity on the practical 

use of industry 4.0. 

During this, the researchers, by converting observations and findings into theory, follow an 

inductive approach. The study uses a qualitative design and semi-structured interviews has 

been conducted to collect the data. Our sample firms consist of both SMEs and large firms and 

are all located within Europe. 

The researchers found that there are some key differences in the positivity on industry 4.0 

between the academic and business world. Companies might be highly automated and have 

implemented some of the drivers of industry 4.0, but the definition itself is not popular. Where 

some of our sample firms are convinced industry 4.0 is the new way of working, most of them 

are using the technologies simply because it is the best in the market and helps them to follow 

their strategy. Industry 4.0 can be seen as an interesting tool for firms to become smarter and 

achieve better results, but not at all costs. Especially for SMEs implementing industry 4.0 

should not be the sole goal of the company, since it is decided by many factors whether or not 

industry 4.0 will succeed in the company. In terms of business models, industry 4.0 causes 

many changes. The role of industry 4.0 can be seen as an enabler for change, rather than the 

reason to build a business model around.  
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1. Introduction 

This chapter will begin with a presentation on the subject that was chosen for this study. 

followed by a practical and theoretical presentation and motivation of why this subject art to 

be studied as well as an introduction to the theoretical concepts within this study. this is 

followed by a presentation of theoretical gaps in the concerning areas, and the research 

question that this study sets out to answer and finally present the overall purpose of the study. 

1.1 Choice of Subject 

We are two master students from the Umeå School of Business and Economics. Albin studies 

a master’s in business development and Sven studies a master’s in management. Both of the 

authors became interested in the future characteristics of business while following their 

previous course; Current Trends in Business Administration. We followed this course as a part 

of their minor. During this course, we learned about the megatrends that are going to play a big 

role in the future, both in - and outside the workplace. Even though Albin has already been 

reading about business models in the time-span of his master, he realized that the business 

models might change with regard to the megatrends and therefore wanted to know more about 

them while writing his graduate thesis. Sven, on the other hand, got intrigued by automation 

and the role this plays in the future. Companies are at a point where they have to think of ways 

to automate their business processes in order to stay competitive. However, we would like to 

see if this is also the case for industry 4.0. Sven his interest in topic also went to the extent that 

he wanted to do research on the specific topic. 

 

We decided to look for ways to combine both fields of interest and realized that the topic needed 

to be narrowed down in order to make them feasible for research. Regarding business models, 

we decided to discuss the segments of the models that, in their eyes, are most important and 

sensitive for adjustment. When doing research in this area, we found that multiple segments 

were reoccurring and therefore most prominent in the business model. Osterwalder and Pigneur 

(2010) for example claimed that the business model consists of nine different segments. We 

decided to use the framework sketched by Johnson et al. (2008) in which they narrowed the 

business model down to the following segments; profit formula, resources, and processes. This 

leaves out a fourth component, value proposition, of the model. We argue that this component 

is of little interest in a study of internal processes in manufacturing firms and Industry 4.0 and 

would make the study too broad. Automation, on the other hand, turned out to be a broad 

definition that consists of too many factors. Furthermore, we chose to narrow down the study 

by applying a general perspective of the concept of industry 4.0 but found it important to 

provide a detailed description in order to provide the readers an understanding of the concept. 

Industry 4.0 is a trend that is possibly going to affect all firms and can therefore not be 

overlooked. However, what if firms do not, e.g. have the flexibility or funds (Bengtsson & 

Johansson, 2012; Hill & Rothaermel, 2003; Freeman & Engel, 2007) to change? As will be 

explained in the following chapters, both small and medium-sized enterprises (from now on 

SMEs) and large firms have characteristics that make change not as self-explanatory as it 

sometimes seems. These limitations might hinder firms from reacting quickly, or even reacting 

at all.  

 

In this thesis, we conduct research on the effects and changes that Industry 4.0 brings along in 

relation to the above-mentioned business models segments. When doing so, they aim to observe 

whether a difference between the position and perspective of SMEs and large firms can be 

spotted or not. These SMEs and large firms need to have a production line and will be, to create 



 

2 

 

coherence, named manufacturing companies from now on. When talking about the industry, 

we will call that the manufacturing industry. We are aware that not all of all sample firms fall 

under the manufacturing industry, however in this thesis we consider manufacturing, in the 

widest sense of the word, as to make/to produce. Despite the fact that previous research (Huang 

et al., 2012; Khanagha et al., 2014, p. 331; Müller & Vorbach, 2015, p. 57) has shown that 

firms are reluctant to change, companies might have to adjust their business model anyway. 

With the current ongoing revolutionary situation, it is going to be important for companies to 

decide how to change their business model and how they are going to react of these changes. 

1.2 Problem Background 

Over the past 200 years, the world has seen several industrial revolutions and currently we are 

in the phase of the fourth industrial revolution. In the 1780s the first industrial revolution, from 

now on referred to as industry 1.0, was characterized by the use of steam engines in the 

productions process (Drath & Horch, 2014, p. 56). The second industrial revolution, industry 

2.0, started 100 years later and was characterized by “electrification” of the production line and 

made it possible for companies to develop “continuous production lines based on both division 

of labor and the introduction of conveyor belts” (Drath & Horch, 2014, p. 56). Ford can be seen 

as a pioneer of the second industrial revolution and optimized the use of the new technologies 

in the production of their Model T (Drath & Horch, 2014, p. 56). The third industrial revolution, 

industry 3.0, started approximately 50 years ago, when it became possible to use automation 

systems and digital programming (Drath & Horch, 2014, p. 56). This is also known as the 

“digitalization” age (Drath & Horch, 2014, p. 56). As mentioned, currently we are in the fourth 

industrial revolution, commonly known as industry 4.0. The term was first used in 2011 (Drath 

& Horch, 2014, p. 56). 

 

Industry 4.0 is characterized by being able “to connect digital/virtual world with the 

real/physical world” (Fatorachian & Kazemi, 2018, p. 1-2). This means that “where intelligent 

objects constantly communicate and interact with each other” (Fatorachian & Kazemi, 2018, 

p. 1-2). In contrast to Industry 3.0, where the integration was only possible to a limited extent 

depending on the interface the systems ran on, meaning the systems only offered a limited 

connectivity between each other and therefore could not reach their full potential (Fatorachian 

& Kazemi, 2018, p. 1). The main drivers, which will be further explained in the theoretical 

background, behind Industry 4.0 are, among others, Cyber Physical Systems (CPS), the Internet 

of Things (IoT), cloud computing and big data analytics (Fatorachian & Kazemi, 2018, p. 1-2; 

5). 

 

Using these drivers to their advantage can bring companies improvements in their efficiency, 

productivity and performance (Fatorachian & Kazemi, 2018, p. 1). In order to do this, 

companies will have to make changes in their business model. Business model is a term that 

gained a lot of attention throughout the last decade (Wirtz et al., 2016, p. 36). Practitioners use 

it as a tool to design a competitive and efficient business operation and strategic position, while 

academics applied the concept to be able to study performance, value streams, consisting of 

value creation, value delivery and value capturing (Teece, 2010, p. 175), and innovation of 

businesses (Chesbrough & Rosenbloom, 2002, p. 536). There is almost no research connecting 

business models to the shift Industry 4.0 brings along. There are however, studies linking 

business models, and their capability to change in the event of discovered opportunities and 

threats (Bucherer et al., 2012, p. 190; Kaulio et al., 2017, p. 347; Müller & Vorbach, 2015, p. 

70). To put this in practical terms, a business model could be seen as an instrument for firms 

to compete with their way of business rather than the traditional way of competing with low 
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cost and quality products. However, it is not a concept that firms choose to implement, those 

concepts exist both explicit and implicit (Teece, 2010, p. 191). Magretta (2002, p. 89) defines 

a business model as a narrative description of how businesses operate. Various authors have 

defined the concept of business models by using different components (Wirtz et al., 2016, p. 

42-43). An example of one of the most practically used business model frameworks is the 

business model canvas (Osterwalder & Pigneur, 2010, p. 16-17), due to its large number of 

components being easily applicable to most firms. There are however, a number of other 

frameworks illustrating other selections of components and activities (Johnson et al., 2008, p. 

52-53; Saebi et al., 2017, p. 18; Wirtz et al., 2016, p. 42). 

 

Furthermore, it is important to note that it is not the components and activities that constitutes 

the definition of a business model, but rather an outcome of the components interacting (Saebi 

et al., 2017, p. 18; Santos et al., 2009, p. 45), or that all these elements are to be included in 

order to completely define the concept of business model (Zott et al., 2011, p. 1028). As already 

mentioned, the area of business models has received an increasing amount of attention during 

the last decades, and the attention regarding the area continues to increase (Wirtz et al., 2016, 

p. 42). The concept, however, was not that long ago, considered to be underdeveloped, both in 

economic and business studies (Teece, 2010, p. 175). One cause of this is that different 

disciplines have previously studied business models in isolation, resulting in different 

conceptualizations of the subject and usage of the term business model differently (Zott et al., 

2011, p. 1034). In other words, the term business model has a different meaning depending on 

how it is applied (Wirtz et al., 2016, p. 51).  It is also important to consider how firm innovate, 

change, and adapt the aspects of their business. In the process, companies will have to choose 

if they are actively going to be first in line of change their business model, also known as 

business model innovation (Saebi, 2015, p. 150), or if they choose for a more reactive approach, 

also known as business model adaptation (Saebi, 2015, p. 150). Bucherer et al. (2012, p. 195) 

state that those two definitions also can be seen as the difference between the action of creating 

value from a new mean, and therefore seizing an opportunity, Proactive Business Model 

Innovation, and the reaction to an external influence, and thereby reacting to a threat, Reactive 

Business Model Adaptation. Therefore, innovation can be seen as a bridge between business 

model studies and research on industry 4.0. 

1.3 Theoretical Background  

1.3.1 Industry 4.0 

Drath and Horch (2014, p. 56) state that the meaning of an industrial revolution is often referred 

to the implication of a general technological system. In the case of the fourth industrial 

revolution, several, but mostly communicative changes in the manufacturing system (Lasi et 

al., 2014, p. 241). Furthermore, industry 4.0 does not revolve around a single new technology 

that enables this industrial shift. There are various techniques combined, including Internet of 

Things, Cyber-Physical Systems, Communication network, Big data analysis, Cloud 

computing and the concept revolve around these techniques as a system (Lee et al., 2015, p. 

18; Mourtzis et al., 2016, p. 292-293; Zhong et al., 2017, p. 618-623). As mentioned in the 

problem background, the components of Industry 4.0 are also known as the “drivers”, or 

enablers, behind Industry 4.0. Fatorachian and Kazemi (2018, p. 3) describe these drivers as 

the “key technological innovations enabling Industry 4.0”. The main driver is known as 

industrial internet, or industrial internet of things. Industrial Internet of Things is in other 

research referred to as the same thing as Industry 4.0 and is defined to include the same drivers 

(Müller et al., 2018, p. 4). Others, such as Fatorachian and Kazemi (2018, p. 3), define it as a 



 

4 

 

sub-element of the industrial revolution. However, rather than defining the concept as a large 

event that affects the behavior and structure of an industrial environment, it focuses on 

implementing these drivers into a factory (Gierej, 2017, p. 207; Kiel et al., 2017, p. 5). We 

argue that, because this study primarily focuses on the transition as a major industrial event, 

firms can/need to position themselves towards the concept of a fourth industrial revolution. 

However, both industry 4.0 and the fourth industrial revolution are novice and often describe 

the same thing, or as synonyms to one another (Müller et al., 2018, p. 4), therefore findings 

regarding both terms are being taken into consideration, in order to create a more durable 

theoretical foundation. Furthermore, In this study we have focused on the position of SMEs 

and large firms towards the industrial shift. Sommer (2015, p. 1527-1528) argues that SMEs 

are lagging behind in the transition to this new supposedly industrial standard. something that 

might be negative for the firms themselves or for the industry as a whole. 

 

One of the main drivers in industry 4.0 is Internet of Things (IoT), which “defines a global 

environment where the Internet is the center of connectivity for all the intelligent devices” 

(Fatorachian & Kazemi, 2018, p. 3). In a manufacturing workspace, this means that machinery 

is constantly connected with each other and therefore can communicate their real-time 

performance, whereas the machines, on the other hand, are also able to monitor themselves 

(Fatorachian & Kazemi, 2018, p. 4). Another driver of Industry 4.0 is Cyber Physical Systems 

(CPSs) (Fatorachian & Kazemi, 2018, p. 4). CPSs indicate a connection between the virtual 

and physical world, or “communication between humans, machines and products”. Inventions 

such as sensors fall under CPSs (Fatorachian & Kazemi, 2018, p. 4). On their turn, these 

inventions enabled the use of, for example, remote controls which on their turn increased the 

effectiveness of companies (Fatorachian & Kazemi, 2018, p. 4). Furthermore, information 

networks are also known as a driver behind Industry 4.0 (Fatorachian & Kazemi, 2018, p. 5). 

An information network means that all machines are being connected to a network in order for 

the information to be shared. One of the main reasons behind the creation of networks is “to 

enhance collaboration and to exploit the core competencies of business processes, and, finally, 

to improve competitiveness by integrating value-added information and resources (Fatorachian 

& Kazemi, 2018, p. 5).” The fifth driver behind Industry 4.0 is called “software systems” 

(Fatorachian & Kazemi, 2018, p. 5). This driver entails that companies have the opportunity to 

use, software systems that are more complex and therefore offer a wider range of solutions and 

technological benefits. The systems the companies have been using up to the fourth industrial 

revolution, such as for example ERP systems, lack the opportunity to collaborate and integrate 

with other systems. The new software systems do have this opportunity and therefore “ensure 

complete connectivity within an enterprise, intelligent software systems should be established 

to enable regular communication with intelligent devices, machinery and processes” (Brousell, 

Mouad, & Tate, 2014, as cited in Fatorachian & Kazemi, 2018, p. 5). The last drivers behind 

Industry 4.0 are cloud computing and big data analysis (Fatorachian & Kazemi, 2018, p. 5). 

Cloud systems to begin with, offers companies the opportunity to store big amounts of data 

that can be accessed from anywhere (Fatorachian & Kazemi, 2018, p. 5). This means that 

machines can communicate and can be controlled from this cloud and that all information 

coming from the machines will be stored there as well. This central database gives analysts the 

chance to analyze these numbers and this enables e.g. detailed forecasting and real-time 

problem solving (Fatorachian & Kazemi, 2018, p. 5). This is known as big data analysis 

(Fatorachian & Kazemi, 2018, p. 5). 

 

Furthermore, the research on the topic of industry 4.0 is relatively scarce when it comes to 

studies done in the academic areas of business and management. Most of the available research 

are from technical studies in engineering and computer science (Liao et al., 2017, p. 3615). We 



 

5 

 

find it therefore appropriate to establish our conception of the concerning techniques presented 

inter alia by Zhong et al. (2017, p. 618-623), from the field of engineering with a more 

developed terminology of the concepts. It is important to notify that several of the different 

techniques included in the term industry 4.0 have been around for some time, the concept as a 

whole however, is just a few years old (Liao et al., 2017, p. 3609-3610). Furthermore, it is 

relatively common for business and management research study single out one or two of the 

techniques that are involved in the concept of industry 4.0. Some examples of these are, 

Saarikko et al. (2017) their study on internet of things implication on value creation, Chen et 

al. (2017) their case study of how Lufthansa implemented big data into their business model, 

and Schroeder (2016) its practical examination on how big data is interpreted in the business 

environment. We argue that these studies provide a bridge between the separate fields, by 

integrating technical studies in social studies. For instance, in an event where new technological 

means become available, both new opportunities in form of new available means as well as 

new threats due to a transforming environment, for example competitors, customers’ needs, 

and substitutes, arise (Müller & Vorbach, 2015, p. 57). Which brings us to next subchapter that 

presents, how firms can be defined through their design, and further on, how their design affects 

their interpretation of disruptive events. 

1.3.2 Business model 

As mentioned in the problem background, a business model is a concept that relates to a firm 

its practice, either implied explicitly or implicitly, firms can design their business through a 

business model framework or be described through one (Teece, 2010, p. 191). Foss and Saebi 

(2017, p. 18) state that the original description of a business model in a strategic or 

entrepreneurial sense is as follows; “firms are systems of more or less interdependent activities 

that are shaped by and, in the aggregate, shape a macro environment”. As this describes the 

fundament of the concept, research over time used business models to study different 

perspective of firm resulting in wide conceptualization. 

 

The concept of business models is currently in a consolidation stage (Wirtz et al., 2016, p. 51). 

However, there still is not a general definition of the term, this is due to the fact that some 

authors quote aged and outdated definitions (Wirtz et al., 2016, p. 38). As mentioned 

previously, the concept has been applied differently in different disciplines (Zott et al., 2011, 

p. 1034) leading to a homogeneous comprehension (Wirtz et al., 2016, p. 37) and the result of 

high influence from a strategic perspective (Foss & Saebi, 2017, p. 18). Furthermore, the 

concept of business model has transformed due to being applied and studied differently in 

different disciplines, thereby concluding into three paths. Firstly, as a concept to analyze value 

streams in a firm. Secondly, a tool to explain and express performance of firms. Finally, 

analyzed as a unit capable to be developed and innovated (Foss & Saebi, 2017, p. 202). Even 

though the concept is defined through, depending on which framework is applied, a wide 

selection of components (Wirtz et al., 2016, p. 43). All studies are unanimous that it is not the 

individual components that are important, but how they interrelate (Christensen et al., 2016, p. 

4; Santos et al., 2009, p. 11). Furthermore, the line between the framework from different paths 

is not absolute, for instance, the business model canvas is mainly used as an instrument to 

describe firms performance though a system of different activities (Battistella et al., 2017, p. 

66; Osterwalder & Pigneur, 2010, p. 16-17). But the canvas could also be illustrated through 

how firm create, deliver, and capture value, or though innovating adjustments (Gierej, 2017, p. 

210). We argue that due to the academic state of the business model it is important to be 

thorough while studying them, therefore, we put a lot of effort in order to be clear in how 

business models will be pursued and implemented, as well as align our use of the term with the 

most recent definition, to not contribute to further dispersion of the concept. 
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1.3.3 Business model innovation 

Müller and Vorbach (2015, p. 57) state that as soon as firms have established significantly new 

business models, competing firms start to rethink their current business model. Furthermore, 

business models are now seen as an instrument to compete with (Zott et al., 2011, p. 1029). 

This is a clear explanation why some firms will be proactive and innovate while others, if the 

first mover proved successful, will react and adapt to the ripples of the changing business 

environment. Most studies do not separate reactive change from proactive change. For instance, 

Santos et al. (2009, p. 14) define business model innovation as “reconfiguration of activities in 

the existing business model of a firm that is new to the product/service market in which the 

firm competes”. This study is separating the concepts of proactive business model innovation 

and business model adaptation, on which we will elaborate in the two following subchapters. 

By referring to business model innovation as an action towards capturing value from an 

opportunity or new idea, and business model adaption as a reaction due to external influences 

(Bucherer et al., 2012, p. 189; Foss & Saebi, 2017, p. 217). 

 

Furthermore, firms innovate in order to create disruption in the market, while they adapt in 

order to align with the business environment (Saebi et al., 2017, p. 569). As we will pursue the 

concept of business model adaptation and proactive business model innovation as two separate 

phenomena. Furthermore, we argue that it is important to distinguish terminology between 

invention and innovation as well as adaptation. A firm does not have to be an inventor of an 

idea in order to innovate (Arthur, 2007, p. 282). Innovation is a process of developing an idea 

into a practical concept (Garud et al., 2013, p. 803), often by reaching a market or meeting a 

need (Salerno et al., 2015, p. 63). This could also be described as implementing an existing 

technology into a new business purpose, Bucherer et al. (2012, p. 194) provide a framework 

that describes the similarities and differences between product innovation and business model 

innovation, bridging the gap between the two fields. 

 

Adaptation, on the other hand, could be the implementation of a concept that is already active 

or present in a market or industry (Saebi et al., 2017, p. 569). We are however aware that the 

two concepts tend to overlap. For instance, a call for adaptation can be a result of changing 

customer needs (Jarrat & Fayed, 2001, p. 61-62) where innovation can originate from industrial 

needs (Arthur, 2007, p. 274). Furthermore, innovation can, in some occasions, occur as a result 

of adaptation (Saebi et al., 2017, p. 569). Therefore, we believe it is more appropriate to 

distinguish the terms by dividing the innovative processes, as proactive and adaptive 

innovation. Moreover, it is important to recognize that the type of innovation we are pursuing 

in this study is in relation to an exogenous change, regardless of if it concerns proactive or 

adaptive innovation. This is because the context of this study is towards a major exogenous 

event and it would therefore be inappropriate to study anything else. A contrast of this would 

be the endogenous cognitive process presented by Martins et al. (2015, p. 115), where business 

innovation is something that develops within a business itself. Furthermore, we will discuss 

our choice of the two terms in the Theoretical framework, in this chapter we will explain what 

underlying phenomena separate the two terms.  

1.3.4 Adaptive and proactive business model innovation 

Business model innovation is an extension to the concept of business models, by implementing 

an additional dimension of innovation (Foss & Saebi, 2017, p. 201). The area has gained 

attention by providing insight in how firms can obtain value through technological 

development (Abraham & Knight, 2001, p. 21; Chesbrough & Rosenbloom, 2002, p. 536) and 

change current business operations through reconstruction of business activities (Teece, 2010, 
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p. 191; Santos et al., 2009, p. 14) in reaction to an opportunity (Saebi, 2015, p. 153). 

Chesbrough (2010, p. 355) argues that the design of the business model is more important than 

a than implementation of a single, potentially valuable, technology, this is why some firms are 

able to implement a new technology better than the firms that invented it. Even if business 

model innovation often is referred as a design process, it more often consists of a long period 

to experimentation and learning (Sosna et al., 2010, p. 403). Furthermore, business model 

innovation is often defined as a manager its drive to disrupt the current market condition though 

development of their business model. Business model innovation has, in turn, been developed 

form the studies of business models, as presented previously, as well as research in innovation. 

Therefore, we argue that it is important to clearly specify in what context we will use this term. 

The concept of innovation if often referred to as a response to seize the value of an encountered 

opportunity (Freeman & Engel, 2007, p. 118). 

 

In a business perspective, innovation can mean three things (Fagerberg et al., 2012, p. 1135). 

These are namely, product innovation, process innovation, and business model innovation. The 

different terms refer to that innovation occurs on different level of a business. Product 

innovation concerns development of a product to provide new concepts to a market (Salerno et 

al., 2015, p. 63). Process innovation is the development of the activities within a business, those 

tend to revolve around efficiency (Klepper, 1996, p. 565). Lastly, business model innovation 

is the reconfiguration of an existing model as a mean to meet the market or counter the industry 

in a novel way (Santos et al., 2009, p.14). These perspectives share a lot of commonalities 

(Bucherer et al., 2012, p. 194), such as striving for change or improvement, practical 

implementation of an idea, as well as nature of triggers for resistance (Bucherer et al., 2012, p. 

194-195). Even the process in which innovation occurs, seems to follow the same pattern. Both 

technological and business innovation tend to follow a path of trial-and-error, a process that 

take long time and effort (Arthur, 2007, p. 281-282; Sosna et al., 2010, p. 403). 

 

DaSilva et al. (2013, p.1170) state that new technologies provide opportunities that allow new 

market entrants, threatening established corporations who are unable to adapt to this market 

environmental shift. Landau et al. (2016, p. 483) define business model adaptation as 

innovation of a current business model in order to fit a new or changing context. In contrast, 

Saebi et al. (2017, p. 575) define business model adaptation as a change in business model due 

to external influences, such as technological change, changing customer preferences, or 

competition. The relationship between innovation and adoption seems to be less intertwined, 

Saebi et al., (2017, p. 569) state that innovation can, in some cases, be an outcome of adaptation, 

but it is not something that is necessary. Furthermore, research regarding business model 

adaptation often hints towards a distinction between business model innovation and business 

model adaptation as proactive and reactive. Adaptation is however often mentioned as a process 

through innovation (Dottore, 2009, p. 488). Consequently, academics seem to have paid 

adaptation less attention than innovation. Similar to that, the concept proactive business model 

innovation is a combination of theory regarding business models and innovation, adaptive 

business model innovation is a combination of business model and adaptation. Therefore, it is 

important to specify what the base phenomenon of adaptation means in the context of this 

study. Technological disruption and replacement is something that happens, and will continue 

to happen, frequently (Chang & Baek, 2010, p. 727). From a business perspective, this partly 

results in new means that answers the customers’ need better (Teece, 2010, p. 187) or new 

means that improve the productivity of a firm (Kaulio, 2017, p. 334). Resulting in a new 

technology that an established firm need to react, or adapt, to in order to preserve its position 

in the market (DaSilva et al., 2013, p. 1170). However, as mentioned previously, adaptation 

concerns change due to external pressure (Saebi et al., 2017, p. 575). These influences could 
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for example consist of current social, political, and infrastructural barriers (Knudsen & Madsen, 

2002, p. 493) or changes in social, political, and infrastructural variables that a firm depends 

on (Geels, 2002, p. 1260), making the term adaptation very broad, however, this study is limited 

to the adaptation of the technical implications industry 4.0 brings. 

 

What might be noticeable through the last paragraph regarding proactive business model 

innovation and adaptive business model innovation is that they are both concepts of change. 

This can result in a lot of conceptual similarities. However, these paragraphs also define that 

even though they originate from the concept of change, they can be seen as separate 

phenomena. In the theoretical background we will further discuss the differences between these 

concepts by looking at the nature and the initial triggers for both of them. 

 

1.3.5 Inertiae of business model innovation 

Innovation does not always come without challenges. Vorbach et al. (2017, p. 383-384) express 

that after recognizing an opportunity or need for change, firms have to overcome potential 

inertiae. Oxford dictionary define inertia, inertiae in plural, as “A tendency to do nothing or to 

remain unchanged” or as “a resistance to change” (Oxford Dictionary, 2018). We believe that 

this is an important aspect to consider as it is a factor that could be related to business model 

innovation as well as a technological transition that might be the outcome of industry 4.0. It is 

important to recognize that business models tend to be static by nature and become less flexible 

further into development (Christensen et al., 2016, p. 4). Resulting in reluctance of firms to 

change their business model (Vorbach et al., 2017, p. 383). Various authors explain the static 

nature of established firms through different causes; management resistance to technical 

change (Khanagha, et al., 2014, p. 331) partly as a result of comprehending with technologies 

that lay outside of their experience (Chesbrough & Rosenbloom, 2002, p. 531), or that an 

established firm its resources tend to be less mobile due to the complexity of changing a 

production line or reallocating resources to new tasks, as well as meeting the challenge of 

aligning the incentives of all the actors (Freeman & Engel, 2007, p. 95-97).  Embeddedness 

through commitment in strategic choice, operational heritage, and value network (Hill & 

Rothaermel, 2003, p. 271) also fall under inertiae. We argue that these are important aspects to 

take into consideration as they directly relate to a firm its capability to carry out and perform 

changes, and thereby provide guidelines for which elements of business models that suit this 

study most. In the theoretical framework we have, however, chosen to present the choice of 

business models firms, but the findings on inertiae influenced our choice. Furthermore, 

Vorbach et al. (2017, p. 384) also state that firms that show resilience to the negative impact of 

having to adapt to disruption due to technological changes are often the ones that are on the 

front of experimenting with new technologies. Meaning that with experience firms become 

better at adapting. We believe that firms their experience to changing their operation is an 

important thing to keep in mind as it might influence their perspective and positioning to 

industry 4.0. A more thorough presentation of specific inertia well be given in our theoretical 

framework. 

1.4 Knowledge Gaps 

When performing our literature search we have spotted a gap in existing research on Industry 

4.0 where business models are barely mentioned (e.g. Drath & Horch, 2014; Jazdi, 2014; Lee 

et al., 2015; Liao et al., 2017). According to our literature search we found that concept of 

innovation and adaptation, or business models in relation to a single or few and specific 

techniques such as Big data, Internet of Things, or information technologies (Chen et al., 2017; 
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Ju et al., 2016; Mourtzis et al., 2016; Schroeder, 2016) is current the only connection between 

business model studies and industry 4.0. Furthermore, the literature regarding innovation 

revolves around technical integration and development in general (Arthur, 2007, p. 274, 

Bucherer et al. (2012, p. 193-194, Santos et al., 2009, p.14) and does not further investigate the 

phenomena in relation to industry 4.0 Meaning that, at least in the academic world, besides 

those examples, it seems that researchers have not touched upon the topic where the effects of 

industry 4.0 on the competitiveness of the companies is being discussed. We believe it is of 

utter importance to explore this field since the impact of an industrial revolution is very much 

present, and the effects and impacts should not be overlooked. 

1.5 Research Questions 

Research Question 1: What differences can be observed when comparing the positioning and 

perception of SMEs and large firms towards industry 4.0? 

 

Research Question 2: How does industry 4.0 influence the business models of SMEs and large 

firms? 

1.6 Purpose 

The main purpose of this thesis is to gain a deeper understanding on the effects Industry 4.0 

has on the internal processes of the business models of manufacturing companies. We are going 

to do this by investigating the differences in positioning and perception between SMEs and 

large firms. Positioning is going to be explained by analyzing the extent of industry 4.0 that 

has been implemented in the firms. Perception will be decided based on the view our 

interviewees within our sample firm have on industry 4.0. On top of that we aim to observe 

whether theoretical assumptions about the differences between SMEs and large firms and their 

possibility to change are correct. Most important will be to observe how large firms and SMEs 

respond differently to industry 4.0. The positioning and perception, as mentioned earlier, are 

applicable to, respectively, the number of drivers implemented in the company and the way 

how industry 4.0 is being viewed by our participants. Another topic we are going to analyze in 

the thesis is how the positioning of the firms, has influenced the business models of those 

companies. As described earlier in this thesis, the business model segments that are going to 

be investigated are the ones described by Johnson et al. (2008) as; profit formula, resources, 

and processes, with the exception of value proposition, for motivation see subchapter 2.2. 

 

When the research has been conducted, fellow scholars, and companies, should be able to get 

an insight in the two phenomena of business models and inertia for which the relation to each 

other currently has not been investigated. For fellow scholars, this creates a platform for further 

investigation in a field that is going to play a big role in the future. For companies, on the other 

hand, we aim to create awareness in this same field. Furthermore, we aim that this thesis can 

serve as tool for companies that they can use to provide understanding on the phenomenon as 

well as theoretical experience in this matter. In this thesis, we adopt a qualitative approach. 

Both managers of SMEs and managers of larger firms are being interviewed. Subsequently 

those managers are being asked about whether or not they have made changes in their business 

model regarding the fourth industrial revolution as well as their perspective stance towards 

industry 4.0. When analyzing these changes, a distinction between both SMEs and large firms 

and business model innovation and adaptation are being made. This distinction provides clarity 

on the different effects the adjustments of the business models have. By conducting these 

interviews, we aim to display differences in behavior between SMEs and large firms. 
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Furthermore, when looking back at the purpose of the thesis, managers that have not acted on 

these changes can use the interviews in this dissertation as guidance and motivation to act. 

2. Theoretical Framework 
In the theoretical background we express that the field currently contains a high degree of 

different descriptions, both in terms of what the purpose of a business model is as well as what 

components the model actually consists of. In this chapter, we will therefore, review current 

literature in the area in order to explain with our definition of the concept, as well as the 

components of industry 4.0, that we found to be of interest to the context of this study.  

2.1 Industry 4.0. 

Researchers define the fourth industrial revolution as a transition from a physical 

manufacturing industry, towards an industry where the physical and digital operations are 

closely interconnected through new drivers that allow the production process to generate data 

throughout the process as well as distribute it across other processors and activities across the 

operation (Fatorachian & Kazemi, 2018, p. 8-9; Lasi et al., 2014, p. 241; Liao et al., 2017, p. 

3609; Müller et al., 2018, p. 3). Together with the integration of new techniques, changes in 

the operative environment conditions come hand in hand. These new techniques will provide 

new capabilities that follow the transition (Lasi et al., 2014, p. 239). We believe that this is an 

important point of view as we are investigating a firm its perspective of the event, as either an 

opportunity or threat, which will be explained in subchapter 2.3, as well as the firm sentiments 

and capabilities to act on this industrial shift, will be explained in subchapter 2.4. Lasi et al. 

(2014) published their paper early in the early stages of industry 4.0. By then only a few had 

been published on the subject (Liao et al., 2017, p. 3615) after that more thorough research has 

been published. Müller et al. (2018, p. 6) state that industry 4.0 has beneficial effects on all the 

components of business models. Benefits on the value-creating business model components, 

which were key resources, key processes, and cost structure, we presented at the beginning of 

chapter 2, are the following; manufacturing becomes more productive, manufacturing is more 

energy efficient, easier maintenance of machinery, more effective distribution of information 

concerning the production line. The human capital faces a reconfiguration, less maintenance 

personnel is needed, training will be more technical than previously. Networks become more 

integrated and transparent due to systems communicating with each other outside of the 

boundaries of firms (Müller et al., 2018, p. 5-7). For example, the system will keep track, 

through communication with the supplier system, of the inventory and operates on the taste to 

refill stock,  

 

Sommer (2015, p. 1528) refers to SMEs as crucial part of many supply chains. In the study he 

presents that a large proportion of SMEs define further development in digitalization/industry 

4.0 as necessity (Sommer, 2015, p. 1526), But that this group also is less prepared and lags 

behind in the industrial development (Sommer, 2015, p. 1526; 1528). In contrast to the 

expression of the importance of this technical implementation, Chesbrough (2010, p. 362) 

states that that the quality of a business model is more important than the effectiveness of 

technology by itself. A good business model based on moderate technology is superior to a bad 

business model that is supported by great technology. We believe that this is an interesting 

statement in relation to our study, as we are on a brink on an industrial technological shift  

according to Drath and Horch (2014, p. 58). 

 



 

11 

 

In the theoretical background, we presented the definitions and drivers of Industry 4.0 as 

explained by Fatorachian and Kazemi (2018). Fatorachian and Kazemi (2018) provide the most 

elaborate explanation of the concept. More so than other authors studying this phenomenon, 

whom tend to not distinguish between closely interlinked drivers, or combine them in one term, 

such as, information network and the internet of things (Saarikko et al., 2017, p. 672-673). We 

have chosen to narrow this subject down by keeping an overview perspective on the concept 

instead of constructing the study towards the single components of industry 4.0. However, we 

believe that it is necessary to clearly define the seven components that previous research found 

essential, in order to enable a framework to refer to when analyzing the response of the data 

collection, in the concept of industry 4.0,. Therefore, the following paragraphs elaborate on the 

function of the drivers and their connection to each other, these are CPS, IoT, cloud computing, 

big data analysis, as well as sub-drivers, sensors, information network, software systems. 

  

Sub-drivers are techniques that support the main techniques enabling the integrated system of 

industry 4.0. These sub-drivers are often mentioned, but only in the context of other drivers, 

for example sensors in relation to CPS or IoT (Fatorachian & Kazemi, 2018, p. 4; Saarikko et 

al., 2017, p. 669), information network as an enabler of IoT (Saarikko et al., 2017, p. 668), or 

the advance software system that enables machines to process information and communicate 

(Mourtzis et al., 2016, p. 291). Firstly, Ehret and Wirtz (2017, p. 114) define sensors as a 

specific driver of industry 4.0. But due to the fundamentality of the technology it is often taken 

account for as a sub-driver of CPS (Fatorachian & Kazemi, 2018, p. 4). Sensors are the 

components that allow companies to collect data that is not part of the momentum of the 

machinery, sensors can be applied to gather various types of data. Microphones are an example 

of a sensor that gather data in audio form, another is cameras or readers can obtain visual data 

(Chen & Zhang, 2014, p. 319). The second sub-driver is information networks. An information 

network is a communicative collaboration between units (Fatorachian & Kazemi, 2018, p. 5). 

Research tends to not pay extensive attention to this this concept and treat it as an element of 

IoT or CPS (Chen et al., 2017, p. 19-20; Mourtzis et al., 2016, p. 292; Saarikko et al., 2017, p. 

673), The principal of an information network is that machinery is connected through a network 

in order to communicate information such as information status regarding resources and 

processes, thus increasing the collaboration in the value creating processes (Fatorachian & 

Kazemi, 2018, p. 5). The third sub-driver is software systems, Fatorachian and Kazemi (2018, 

p. 5) state that the modern software systems are more complex and provide more reliable 

integration between programs than previous software systems that could not uphold an 

extensive communication between systems. The software systems thereby, enable complex 

systems of machinery to overcome this threshold in communication. 

 

Lasi et al. (2014, p. 240) define CPS as systems that merge the digital and physical activities 

of manufacturing, a mean for digital software to perceive and interact with a physical 

environment. Another way to define it is as a technique that bridges the interaction between 

the physical and the virtual world (Fatorachian & Kazemi, 2018, p. 2; Mourtzis et al., 2016, p. 

291). An example of how a software entity can observe and comprehend physical phenomena 

is through sensors that gather information that can be processed as data (Ehret & Wirtz, 2017, 

p. 114; Fatorachian & Kazemi, 2018, p.4). Internet of Things (IoT) is defined as an integrated 

connected system where devices communicate through a broad network such as the internet 

(Fatochrian & Kazemi, 2017, p. 3; Saarikko et al., 2017, p. 668). In a manufacturing 

environment, this enables production lines and machinery to communicate and share 

information in real-time, creating a more collaborative and effective system (Fatochrian & 

Kazemi, 2017, p.4). Cloud systems or cloud computing enable firms to store big amounts of 

data that can be accessed from anywhere (Fatorachian & Kazemi, 2018, p. 5). The principal is 
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that information is not stored on a single unit. Instead it is a vast network of units sharing their 

processing and storage capacity (Chen & Zhang, 2014, p. 333) this results in wireless control 

(Fatorachian & Kazemi, 2018, p. 5), information accessibility (Mourtzis et al., 2016, p. 291), 

and excessive storage capacity (Chen & Zhang, 2014, p. 332). Which is an essential for our 

last driver. Big data is a technique that is based around analyzing large quantities of data 

(Fatorachian & Kazemi, 2018, p. 5). The previously mentioned drivers have enabled this 

technology by making it possible to generate vast amount of data through CPS, communicate 

it efficiently in real time by IoT and storing and distribution the data via cloud computing 

(Mourtzis et al., 2016, p. 292). 

2.2 Business model 

2.2.1 Concept 

In the theoretical background, we mentioned that the usage and meaning of the business model 

concept is dispersed. Both Foss and Saebi (2017, p. 202) and Zott et al. (2011, p. 1030) 

expressed that research regarding business models has been divided into three main streams. 

Namely, a description of how value is created, delivered, and captured via a firm its business 

model, descriptive measurement tool of firm performance, or as a unit that can be processed 

through innovation. Conceptual models develop in one of these streams and sometimes 

overlap. For instance, Battistella et al. (2017, p. 72) illustrate that the concept of business 

models can include capabilities that derive from more than one of the streams. Thereby, we are 

emphasizing on one of the streams derived from the field business model, that is business model 

as a concept of a unit that can be reconstructed through innovation. The other paths are defined 

as more static, for instance the description of a firm its current business model can be seen as 

a snapshot of the operation at a current point of time (Osterwalder et al., 2005, p. 8). This is 

why we believe that the literature regarding business model innovation provides a more 

dynamic scope. However, the study is not purely constructed to measure firms their innovative 

capabilities, but how they position themselves in the question regarding technical innovation 

in this current industrial event. Therefore, we include an element of a firm its perception of the 

performance of their own business model in this event. In other words, we need to consider 

both literature that specifies business model innovation and literature that provides a concept 

that can explain business performance as well. 

2.2.2 Components 

Regardless of what perspective of business models is being applied, it is still important to note 

that they all originate, and are fundamentally linked, to the concept idea of independent 

activities of a firm. This is how it was first introduced to business studies (Zott et al., 2011, p. 

37). Wirtz et al. (2016, p. 41) define these activities as components of a business model. 

Furthermore, Wirtz et al. (2016, p. 42-43) illustrate that different authors have conceptualized 

business models through a system of nine different components. The natural orientations of the 

selection of these components are; strategy, resources, network, customer, value proposition, 

revenues, service provision, procurement, and finance (Wirtz et al., 2016, p. 43). This 

concludes in various constructed concepts of what a business model is. These articles also 

emphasize that it is the interaction of these components that are of interest (Chesbrough, 2010, 

p. 359; Christensen et al., 2016, p. 5; Osterwalder & Pigneur, 2010, p. 15-41). However, the 

correlated link between the components has not been sufficiently tested. This is due to the fact 

that the concept of business models is currently in a state of consolidation. There is not a general 

definition of what components a business model consists of (Wirtz et al., 2016, p. 51). 

Furthermore, by looking further into the different definition of business models it noticeable 
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that some of the components intertwine. Some of the components presented by some authors 

sometimes appear as sub-components in other models. For instance, Wirtz et al. (2016, p. 43) 

illustrate that Johnson et al. (2008) their framework, consisting of key resources, key processes, 

profit formula, and value proposition, does not include networks as a major factor in their 

business model. However, by taking a closer look at Johnson et al. (2008, p. 54-55) we can see 

that networks are being defined as part of a business model its key resources. Furthermore, 

Wirtz et al. (2016, p. 44) express that the components of various business model concepts can, 

on a conceptual level, be divided into three categories. Strategic components, customer and 

market-related components, and value creating components. Therefore, it is in this case more 

relevant to consider what components are suitable in the sense of conducting the study. The 

next paragraphs will define the components that we apply in this study. 

 

We found that the framework presented by Johnson et al. (2008, p. 54) was the most 

conveniently applicable to study, as it explains components from the different categories, as 

well as includes components that are widely used by the majority of researchers (Wirtz et al., 

2016, p. 42-44). Furthermore, over a period of time, papers have also been discussing a firm 

its development of this conceptual model, and its components, as it reaches a stable state 

(Christensen, 2016, p. 4). This study will, however, limit itself by looking at the internal factors 

of the model, meaning that we will exclude the external components, such as value proposition 

and customer relations (Wirtz et al., 2016, p. 44). By doing so, this study will pursue a model 

based on Johnson et al. (2008, p. 54) their internal key factors which are; key resources, key 

activities, and profit formula, this model is being displayed in figure 1. We suggest that these 

components are most relevant in the case, where the purpose is to study how firms see their 

business model, in the presence of Industry 4.0 as an environmentally changing factor. The 

effects of Industry 4.0 on a firm its operational and strategic components have been discussed 

subchapter 2.1. Furthermore, we found that these components have a conceptual connection to 

the inertiae we discovered during the literature search of things. These inertiae interfere with 

the process of innovation and adaptation, as presented in subchapter 2.4. 

 

 
Figure 1 Conceptual Business Model (Johnson et al., 2008) 

Source: Johnson, M. W., Christensen, C. M., & Kagermann, H. (2008) 

 

Two of the components that are tightly interlinked are the key resources and key processes. 

Johnson et al. (2008, p. 53) define the  key resources as the building block, that supports the 

value creating and delivering processes of key processes. Johnson et al. (2008, p. 53) define 
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key processes as the most essential processes for creating and delivering value to both 

customers and the firm itself. Figure 1 provides examples of what these activities, depending 

on the firm, might be. Johnson et al. (2008, p. 53) express that it is important to emphasize on 

the term key, in contrast to general activities and resources, these are considered to provide the 

firm a competitive differentiation. In contrast to the two previously mentioned components, 

Johnson et al. (2008, p. 53) define profit formula as the activities that generate value for the 

firm itself. This consist of revenue model, defining the price, margins, of products as well as 

the manufacturing volume, inventory turnover. As well as cost structure, distinguishing 

between direct cost and indirect cost (Johnson et al., 2008, p. 53). As mentioned we can see 

that the components are interrelated, cost structure is directly related to the key resources, 

manufacturing volume is dependent on the key activities and the key activities are supported 

by the available resources. Both the connection between the components and examples of what 

elements the components contain are illustrated in Figure 1. 

2.3 Business Model Innovation 

We believe that there are two reasons why it is important to be clear in what sense we applied 

the concept of innovation. First, it provides a better ground for understanding the nature of our 

study. Secondly, by being clear in our definition of the term we can widen our net to extend 

beyond the limited field of business model innovation and take insights from studies regarding 

business innovation in a broader sense. We will, however, start by defining the distinction 

between innovation and the more fundamental term invention. Invention is the creation of a 

new idea (Arthur, 2007, p. 274), and innovation means implementing it in a practical way 

(Fagerberg et al., 2012, p. 1135) or delivering it to a market (Arthur, 2007, p. 274). This means 

that a firm does not necessarily have to be involved in the invention phase in order to innovate 

the “product” of the discovery. Moreover, Fagerberg et al., (2012, p. 1135) explain that 

business innovation can occur on three levels. First, we have the product innovation where an 

alteration to the configuration of a product is made in order to improve or change the function 

of it (Arthur, 2007, p. 277). The second type is process innovation, which includes 

reconfiguration of activities related to i.e. manufacturing, logistics or communication 

processes, in order to improve or significantly change (Klepper, 1996, p. 565). Finally, as 

business model innovation explained previously, it consists of altering the architecture of 

business activities to encounter a market more efficiently or differently (Santos et al., 2009, 

p.14). Bucherer et al. (2012, p. 193-194) state that these concepts of innovation tend to share a 

lot of similarities despite occurring at different levels of a business. We believe that this is 

partly due to them originating from the same theoretical background of innovation. However, 

another reasonable explanation becomes visible by looking through a business model 

perspective of that the different business innovation interlinks. Process innovation will 

undoubtedly affect the key activities described by Johnson et al. (2008) as well as a need of 

process innovation might arise. 

2.3.1 Triggers of business model change 

Martins et al. (2015 p. 112-114) state that three sources can trigger business model innovation; 

rational positioning, evolutionary learning, and through managerial cognition. The first one 

involves analyzing, reflecting and designing an optimal design in relation to a new context, due 

to an exogenous shock. The second one is also striving towards an optimal design. However, 

instead of reflecting and redesigning, the process consists of a trial-and-error, or evolutionary, 

based process, in order to manage uncertainty as a result of exogenous change. The final source 

is through the managers their understanding on the interdependence of the business models’ 

components of their firm. In other words, through internal cognitive development. The distinct 
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difference between the first two and the last one is the distinction between  the way the 

development, exogenous factors or internal factors, is driven (Martins et al., 2015 p. 115). In 

regard to this, the type of innovation is not defined to be of an internal and cognitive nature, 

but due to a positioning of external factors. Whether the innovation is triggered by an 

evolutionary or rational process is further discussed by referring to a study by Foss and Saebi 

(2017). 

 

Saebi et al. (2017, p. 275-276) suggest that one important aspect for business model adaptation 

depends on whether or not a firm perceives the changes in the environment as a threat or an 

opportunity. Events that are perceived as highly threatful are more likely to trigger adaptation. 

DaSilva et al. (2013, p.1170) provide an example that expresses that new technological 

inventions, or progress, creates entrance points for new competition who can challenge 

established firms their market position, or even a disruption of the current technological 

standard (Chang & Baek, 2010, p. 727).  Furthermore, Saebi et al. (2017, p. 276) suggest that 

strategic orientation has a significant impact on a firm its likeliness to adapt. Market developing 

oriented firms were more likely to engage in adaptation in contrast to firms that focused on 

strategies for defending a market domain, such as, competing with lower price, either through 

optimizing profit formula or cost structure. 

 

Bucherer et al. (2012, p. 186-189) state that both external and internal threats and opportunities 

can trigger innovation. In alignment with the nature of this study, it will be limited to focusing 

on the external triggers only. Bucherer et al. (2012, p. 190) provide an example of the most 

common external threats they encountered in their study, this threat often originated from 

strategic price erosion, meaning that firms cope by offering the lowest price. One explanation 

to this is that the losing party, involved in a market undergoing domain defensive strategy 

(Saebi et al., 2017, p. 276) is forced to abandon their strategic orientation and invest in 

innovation to survive (Bucherer et al., 2012, p. 190). Landau et al. (2016, p. 483) suggest that 

firms are triggered by an internal recognition of a need to change in order to adapt to a market. 

This could arguably be seen as a case where firms recognize an opportunity to better fit a 

market. However, we argue that, even though the opportunity was recognized internally, it 

reflects external factors that threaten the firms potential market position. Furthermore, Sosna 

et al. (2010, p. 397) express that the experience of surviving the threat of a changing event 

increases a firm its chances of going through with the adaptive process. meaning that a threat 

is not just a trigger of change, but an ongoing motivational factor of adaptation in order to 

survive. 

2.3.2 Nature of business model change 

Research in the area of innovation tends to define the phenomenon innovation as disruptive 

and to a radical degree (Saebi et al., 2017, p. 569; Vorbach et al., 2017, p. 384). However, 

Bucherer et al. (2012, p. 192) state that business model innovation can occur at different 

degrees, hence, radical or incremental changes. Bucherer et al. (2012, p. 192-193) define 

radical business model innovation as an innovation that creates discontinuance of an industry 

or a market or both. In contrast, incremental business innovation is a gradual incorporation of 

new means, such as technical capabilities or services, that does not result in discontinuance of 

an industry or a market. This description of radical innovation has a lot of similarities with the 

description of disruptive innovation. Where disruptive innovation is the industrial replacement 

of a technology that has higher potential than its predecessor (Chang & Baek, 2010, p. 727). 

This means that disruptive innovation is a crossroad of an industrial standard technology 

(Chang & Baek, 2010, p. 727) versus radical innovation, that is the scale the innovation has 

been implemented or the impact the innovation has had on the individual firm (Foss & Saebi, 
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2017, p. 217). In this study, we are interested in the internal impact the innovation processes 

have on the individual firm rather than the impact the innovative firms have on the market. 

However, one aspect of the study is the firm its perspective of industry 4.0, therefore we believe 

that it is important to take into consideration disruptive innovation to a minor degree.  

 

Saebi (2015) defines that the nature of business model change occurs through three distinct 

paths. First, business model adaptation as a process of alteration in the current business model 

in order to align it with its environment (Saebi, 2015, p. 150). Secondly business model 

evolution, as an incremental adjustment of the current model, effectively improving value 

creating, delivering or capturing activities (Saebi, 2015, p. 150). Thirdly, business model 

innovation tends to actively strive to disrupt the state of the current environment (Saebi, 2015, 

p. 150). 

 

Foss and Saebi (2017, p. 215-217) distinguish four types of business model innovation, defined 

by two different dimensions. Novelty, when the innovation of a business model is new to a 

whole industry or new to a firm alone, and scope, when the business model innovation occurs 

on modular level or affects the architecture of a model, see Table 1. Foss and Saebi (2017, p. 

216) explain that the scope depends on the complexity of a business model structure, a firm 

that has a complex and intertwined model tends to affect the whole business model during the 

process of innovation. On the other hand, business models with less interlinked activities occur 

on a modular level, with smaller effects on other activities in the model. We believe that this 

can be connected to Bucherer et al. (2012, p. 192) their definition of what degree business 

models occur on. Where an architectural Business model innovation tends to be more radical 

and modular business model innovation suggestively occurs on an incremental level (Foss & 

Saebi, 2017, p. 217). 

 
Table 1 Business model innovation typology (Foss & Saebi, 2017, p. 217) 

 
 

As previously discussed, Saebi (2015) presents the definitions of the separate concepts in a 

directly distinct manner. But in contrast to Foss and Saebi (2017), Saebi (2015, p. 150-153) 

does not take into consideration that proactive innovation can occur on multiple levels. 

Furthermore, Saebi (2015 p. 150-152) treats the term innovation, adaptation, and evolution as 

separate concepts. While Foss and Saebi (2017, p. 217) define those terms under the umbrella 

term business model innovation. 

 

Figure 2 illustrates the anatomy of our conceptualization of proactive business model 

innovation and adaptive business model innovation. One aspect that is difficult to distinguish 

between the two-business model innovation and adaptation is on what scale the innovation 

occurs. We found no direct theoretical support that the scale of the innovation would occur 

more often in proactive or adaptive innovation. In other words, if proactive innovation would 

occur more incrementally than adaptive or vice versa. However, we did find studies that explain 

firms with an established model, favor incremental innovation (Bohnsack et al., 2014, p. 298; 

Khanagha et al., 2014, p. 326). Therefore, we suggest that scale of innovation, such as 

evolutionary innovation, is still an aspect to take into consideration in the conclusion of this 

study. 
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Figure 2 Anatomy of the concepts of adaptive and proactive business model innovation 

 

2.4 Business model change, small vs large firms and general inertiae 

In this study we have chosen to use the term inertia as a collective word for things that hinder 

change. Such as, barriers or constraints. Vorbach et al. (2017, p. 383) express that there are 

some challenges that firms need to encounter before managing the reconfiguration of a 

business. One of these challenges is overcoming internal inertia. During the literature of this 

study we found that there is a significant amount of studies that provide different insights on 

why some firms struggle to implement change due to conflicting interests between agents and 

principals (Doz & Kosonen, 2010, p. 379; Khanagha et al., 2017, p. 331), path dependency 

(Bohnsack et al., 2014, p. 285; Doz & Kosonen, 2010, p. 370-371), cultural barriers 

(Cavalcante, 2014, p. 463; Chesbrough, 2010, p. 362), the static nature of business model 

(Christensen et al., 2016, p. 8), or the commitment to a strategic path (Saebi et al., 2017, p. 

576). Other research focuses on the differences between size, complexity, and embeddedness 

of firms and how that affects their capabilities and willingness to change the activities currently 

occupied in the business (Bohnsack et al., 2014, p. 298-299; Freeman & Engel, 2007; Hill & 

Rothaermel, 2003).  

 

As previously mentioned, Wirtz et al. (2016, p. 44) categorize business model components in 

three groups. In this study we are only focusing on two of the categories; strategic components 

and value creating components. However, Wirtz et al. (2016, p. 44) express that in practice 

these distinctions are not always as convenient. One explanation for this inconsistency could 

be explained as a consequence of the broad notion of the concept in research (Zott et al., 2011, 

p. 1034). A suggestive framework regarding these inertiae and their relationship to the 

components is illustrated at the end of this subchapter in figure 3. A further presentation will 

be done by representative authors in the following order. We first present literature regarding 

the static nature of business models. Secondly they present literature regarding inertiae due to 

the strategy direction, and finally, inertiae due to embeddedness in value-creating business 

model components. 

2.4.1 Business model stagnation as a consequence of maturity 

Christensen et al. (2016, p. 8) suggest that firms over time become less flexible as it shifts from 

incubating innovation, towards increasing the efficiency of the business. Both Christensen et 

al. (2016, p. 6) and Chesbrough and Rosenbloom (2002, p. 549) note that the fundamental idea 
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of creating a business is to supply a customer with a product or service. Over time this 

communication with the market decreases, due to pressure from shareholders to increase 

operational efficiency. Innovation still occurs, but on a more modular and incremental level 

(Bohnsack et al., 2014, p. 298; Christensen et al., 2016, p. 8), This is being regarded as less 

risky since the changes concern components of an existing business model rather than 

disrupting the foundation model (Doz & Kosonen, 2010, p. 379). However, as mentioned in 

subchapter 2.2.2, this is due to complexity in interlinked activities between business model 

components not always possible (Bucherer et al., 2012, p. 192; Foss & Saebi, 2017, p. 216). 

2.4.2 Business model specific inertiae 

One of the inertiae we found during our literature search was the presence of a strong 

organizational culture. However, we also found that strength of an organizational culture is a 

double-edged phenomenon, meaning that it could both be a strong barrier but also a great asset. 

On one side, in his study of a firm its ability to implement new technologies, Cavalcante (2014, 

p. 460-461) states that one of the biggest challenges was to overcome business cultural barriers. 

Employees that are distanced from management might not understand the need or result of a 

strategic choice (Cavalcante, 2014, p. 461). Business model transitions might meet resistance 

from conservative organizational cultures, especially if they are rapid and on a large scale 

(Cavalcante, 2014, p. 463-464). On the other hand, Chesbrough (2010, p. 362) expresses that 

a strong organizational culture is essential, during the transition process between the two 

models, when it comes to maintaining the effectiveness of the current model. 

 

Bohnsack et al. (2014, p. 285) define path-dependency as a cognitive behavior of business-as-

usual, the concept is motivated by reasoning that performance will continue in the same manner 

as past success and considers maintaining strategic and business activity at familiar tracks. 

Consequently, resulting in an inability to detect and consider changes that possibly could create 

more value (Bohnsack et al., 2014, p. 285). Doz and Kosonen (2010, p. 370-371) further 

emphasize that the fate of many companies is usually not terminated by bad performance, but 

rather that they rely on, and cling on to, the same value-creating activities that have been 

beneficial in the past, and thereby are unable to adapt to changes in the market. Khanagha et 

al. (2014, p. 326) express that due to path-dependency, firms that have an explicitly established 

business model are more inclined to go through with incremental changes as an attempt to 

utilize an innovation without damaging the existing model. Therefore, we believe that this is 

an important phenomenon that could have a big impact on how firms view industry 4.0 and 

their ability and willingness to align with the event. 

 

Hill and Rothaermel (2003, p. 271) propose that a firm that incubates a specific technology 

could be reluctant to invest in novice technology due to three major factors. Firstly, 

organizational inertiae, a bureaucratic firm structure tends to create resistance to change. 

Secondly, a firm its commitment to a particular strategy that is not compatible with an 

integration of the new technology, which is explained by Camillus (2011, p. 312) as principal 

values that guides a firm its strategic path. Furthermore, Saebi et al. (2017, p. 276) state that 

the strategic orientation has a significant impact on a firm its ability and/or likeness to engage 

in business model adaptation. Finally, a firm its embeddedness in a value network built around 

a specific technology, Hill and Rothaermel (2003, p. 268) suggest that incumbent firms are 

restricted by their embedment in a value network, if their supply chain is highly integrated into 

a specific technology, then it might be harder to break out of that technological path. Bengtsson 

and Johansson (2012, p. 420) provide an explanation on how embeddedness of a smaller 

business can occur during a collaboration. Bengtsson and Johansson (2012, p. 420) explain that 

because small firms rely on the resources of large firms and both share the progress of their 
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collaboration, resulting in that small firms unintentionally get integrated into the value chain 

of the large firm. In other words, large firms could have an incentive in including a smaller 

firm into their value chain, claiming the legacy of the innovation and integrating the small firm 

as a part of its business. Furthermore, Hill and Rothaermel (2003, p. 257) primarily study the 

focus on technical innovation as way to implement new technologies. Bucherer et al. (2012, p. 

194-195) provide a study that present that innovation tends to have a lot of similarities 

regardless of at what level the innovation occurs. We do however, recognize the  importance 

to consider the context, for instance, that business model innovation often involves managers 

of higher position, as well as that business model innovation tend to have a larger effect on the 

business than i.e. product innovation. 

 

In our literature search we found that resources are a big factor in the firm its ability to change, 

however, studies express that a broad set of resources can both be benefiting as well as 

restricting the ability to change. Freeman and Engel (2007, p. 94) state that mature firms often 

have a capital advantage over startups firms, due to that larger firms tend to possess access to 

tangible assets such as infrastructure, money, larger human capital, as well as intangible assets 

such as reputation, and network establishment. However, these factors do affect the mature 

firm its agility to act rapidly due to immobility of resources and need for incentive alignment, 

whereas smaller firms have  the possibility to act within a shorter time (Freeman & Engel, 

2007, p. 117), the more agile nature of smaller firms are also seen as one of the advantages they 

have against lagers more established firms (Bengtsson & Johansson, 2012, p. 420). 

Sambamurthy et al. (2003, p. 245-246) states that operational agility is the period it takes for 

firms to redesign their current processes to enable the implementation of an innovative 

opportunity. It is important to note that, in their study, Freeman and Engel (2007), discuss 

startups compared to mature corporations. We believe that the similarities between startups and 

small firms in relation to mature corporations and large firms are more important in a business 

context. For instance, a study by Bengtsson and Johansson (2012, p. 420) state that smaller 

firms and new entries collaborate with larger firms during innovation, to make up for their 

relatively small, both tangible and intangible, resource base. Furthermore, Bengtsson and 

Johansson (2012) do not provide a distinct separation between small and new firms in their 

study, therefore we argue that these are similar when it comes to assess to capital resources. 

 

One aspect that we believe is of big importance, is a firm its common interest/willingness to 

go through with the changes at hand (Sosna et al., 2010, p. 402). Aligning the interests of the 

members of an organization is therefore of great importance for succeed in a process of change 

(Doz & Kosonen, 2010, p. 378). We have previously discussed the resistance of a transition to 

new technology might meet due to the firm its value network being embedded in an already 

incubated technology (Hill & Rothaermel, 2003, p. 268). We suggest that this kind of resistance 

to progression might occur within the frames of a business as well. Therefore, we believe that 

it is necessary to take into consideration the fundamental insights of the agency theory, mainly 

that principals, and agents, their values and interest might differ (Spence & Zeckhauser, 1971, 

p. 387) as well as that asymmetrical distribution of information between the two parties 

(Hölmstrom, 1979, p. 74). Furthermore, there might be a distance of control created when 

delegating duties (Hölmstrom, 1979, p. 89). 

 

The asymmetric information can also work as an individual its embeddedness in to an 

operation. The principals, in our case, are referred to as managers and respondent of all tiers in 

the operation, Freeman and Engel (2007, p. 97) state that agency problems have a potential to 

exist  wherever an employer/employee relationship exists. We argue that principal and agent 

problems should occur more frequently in larger firms as they consist of more tiers and a larger 
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group of employees. In other words, studies like Freeman and Engel (2007, p. 97), Christensen 

et al. (2016, p. 6), and Hill and Rothaermel (2003, p. 271) examining firms their inertiae in 

relation to size and establishment in an industry, could be complemented by applying some 

insights from agency theory. The scope of agency theory provides a suggestive explanation 

that an individual its values create conflict through the concept of distances between 

ownership/responsibility and control that increase together with the size of an operation 

(Freeman & Engel, 2007, p. 97; Spence & Zeckhauser, 1971, p. 387). Furthermore, Sosna et 

al. (2010, p. 402) express that the key to a successful integration process of a new activity is 

the willingness and engagement in experimentation. It is, however, important to note that 

agency problems cannot always be considered as negative in terms of innovation, Doz and 

Kosonen (2010, p. 379) suggest that sometimes the owners that portray the conservative 

behavior, restricting flexibility in a business model. In this study we will refer to the 

phenomenon discussed in this paragraph as asymmetrical interest. 

 

It is important to note that when we talk about complexity, two things can be referred to. First 

of all, as mentioned in subchapter 2.3.2., there is the complexity of business models which 

indicated how each component of the model is linked to each other (Foss & Saebi, 2017, p. 

216; Magretta, 2002, p. 90). Secondly, is that the complexity of the firm its structure potentially 

increases with each individual that participates in the business or through a bureaucratic 

structure (Hill & Rothaermel, 2003, p. 271). 

 

 
Figure 3 Categorization of BM inertiae 

 

Figure 3 summarizes the inertiae we found during the literature search. The studies mentioned 

previously express clear characteristics that support the connection between the factors and the 

categories of business model components mentioned in subchapter 2.2. Table 2 provides an 

overview of the literature and their respective factors. Furthermore, previously we discussed 

that conceptual components of business models can be categorized by the nature of the 

components’ function (Wirtz et al., 2016, p. 44). We believe that this categorization can be 

done with the inertiae we found that affect their relative business model components. We have 

illustrated this categorization in figure 3, but as you can see we found that some inertiae stem 

from, or affect both, the strategic and value creating elements of a business model. We believe 

that, one example is the path-dependency that can occur both through strategic 

overcommitment but also as an effect of a highly immobile value creating process. Therefore, 

it is possible to speculate that these inertiae have already been taken into consideration in the 

term path-dependency, however we do argue that the literature that concerns these inertiae 

define them too distinctly to be able to combine them into one term. 
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Table 2 Components and related authors 

Intria factors Authors 

Path-dependency Bohnsack et al. (2014) 

Doz & Kosonen (2010) 
Khanagha et al. (2014) 

Non-flexible operational structure Hill & Rothaermel (2003) 

Strategic commitment Camillus (2011) 

Hill & Rothaermel (2003) 
Saebi et al. (2017) 

Network embeddedness  Bengtsson & Johansson (2012) 
Hill & Rothaermel (2003) 

Asymmetric interest Christensen et al. (2016) 
Doz & Kosonen (2010) 

Khanagha et al. (2014) 

Sosna et al. (2010) 

Spence & Zeckhauser (1971) 

Resource immobility Bengtsson & Johansson (2012) 
Freeman & Engel (2007) 

Sambamurthy et al. (2003) 

Capital constraint Bengtsson & Johansson (2012) 

Freeman & Engel (2007) 

Cultural resistance Cavalcante (2014) 

Chesbrough (2010) 
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3. Methodology 

In this chapter, we described from what angle we viewed our research and how our research 

has been designed This point of view is also known as the research paradigm. According to 

Morgan (2012, p. 49), the paradigm can best be described as the “the consensual set of beliefs 

and practices that guide a field”. In this research this means what way we will view the theory 

and the information we have been gathering. After discussing the first part of the paradigm, 

that can be broken down in ontology and epistemology (Morgan, 2012, p. 57). We guided the 

reader through the design of their study and elaborated on how both primary and secondary 

data was gathered. This part of the paradigm can be referred to as the methodology (Morgan, 

2012, p. 57). Thereafter the most important steps that the researchers took in order to prepare 

themselves for the data collection and data analysis are being presented.  

3.1 Preconceptions 

As researchers, we believed that it was important to consider and evaluated potential 

shortcomings related to the cognitive processes of our subjective minds. We provided a 

discussion on the choice of nature and research approach later in this chapter, but for the 

argumentation of this chapter we believed that it is important that the reader knows that we 

conducted a qualitative study. Furthermore, Bryman and Bell (2015, p. 404) emphasize that a 

qualitative study is highly influenced by interpretivism which laid the foundation in 

reconsidering which biases where most applicable to us. Moreover, In the first chapter we 

presented background information, that provided a hint of the specializations and interest that 

lay the foundations for the cognitive perception of reality. Both Albin and Sven have a 

background in study of business administration. Albin is specialized through a master’s in 

business development with a minor in finance and a bachelor’s degree in marketing, Albin is 

also strongly driven by an interest in the theoretical and practical application of business 

models. Sven is studying for a master’s degree in management together with a minor in finance. 

For Sven the effects industry 4.0 has on the production environment and the practical 

applicability of this phenomenon are of most interest. Sven is also interested in spotting 

differences between the available theory and the practical situation. We are aware that we live 

a social world and that we are highly influenced by subjective perspectives, both in 

preunderstandings as well through interpretation. This will undoubtedly affect this study. 

Preunderstandings are however, not something that should be considered as strictly negative, 

to be able to understand a phenomenon or the relationship between two concepts it is important 

to have the underlying understanding of its surrounding or underlying factors. Furthermore, we 

believed that it was important to understand our underlying background, as prior knowledge 

might have affected the way the researchers interpreted information. 

 

1. Confirmation bias - Nickerson (1998, p. 197) expresses that this bias is often driven by 

individuals their desire to trust and defend propositions that align with their own beliefs. 

The participants thereby, fall into the risk of providing larger weight to information that 

does not oppose their current belief (Nickerson, 1998, p. 175). We suspect this bias to 

be presented in chapters regarding processes where we sought for information, such as, 

theoretical frame of reference as well as the analysis. Both these chapters challenge our 

cognitive ability to sort out sources of information and data that we might have 

disregarded as false or unnecessary. 

 

2. Recency bias - In a study conducted by Fudenberg and Levine (2014, p. 8), we 

experienced that individuals tend to have a higher degree believe in ideas that were 

pursued more recently in time. This largely is a result of the limited memory capacity 



 

23 

 

of the human brain (Fudenberg & Levine, 2014, p. 4). We believed that this bias had 

the highest probability to occur during the analysis phase of this study, as this part 

consists of managing large proportions of data while keeping the insights from the 

theoretical frame of reference in mind. To mitigate the risks of this, we revisited the 

theoretical framework frequently when analyzing the conducted data from our 

participants. 

 

3. Bias blind spot - According to Scopelliti et al. (2015, p. 2468-2469) common to earlier 

noticed biases more related to others, than biases within oneself. Scopelliti et al. (2015, 

p. 2483) suggest interaction with external parties and strict self-evaluation reduce the 

impact of these bias. We believed that through WIP seminars, the fact that we are two 

authors with different backgrounds, and good supervision, provided us with opportunity 

to detect and mitigate the influences of this type of biases. 

 

By creating awareness and understanding of when and how these potential biases influenced 

the perspective of researchers, we are positive that we were able to have mitigated the impact 

these biases have on this study. Besides that, we always keep an open mind to advice and 

criticism provided. We also believe that by providing a sufficient explanation on our 

perspective of matters, we are able to guide the reader towards understanding our point of view. 

3.2 Ontology 

First of the familiar trilogy (Morgan, 2012, p. 57) is ontology. Ontology concerns how social 

entities, in relation to their reality, should be considered (Bryman & Bell, 2015, p. 32; Long et 

al., 2000, p. 190). There are two main considerations within ontology, namely objectivism and 

constructionism (Bryman & Bell, 2015, p. 32). The latter is also referred to as subjectivism 

(Long et al., 2000; Morgan & Smircich, 1980, p. 492), however in this research the term 

constructionism has been used. According to Bryman and Bell (2015, p. 32) objectivism takes 

a position that assumes that “social entities can and should be considered as objective entities 

that have a reality external to social actors”. Whereas in constructionism this is the opposite 

and “[social entities] should be considered as social constructions built up from the perceptions 

and actions of social actors” (Bryman and Bell, 2015, p. 32). When diving into the meaning of 

objectivism it becomes clear that it looks at reality from a static, top-down approach. Social 

phenomena, such as organizations and cultures determine how people behave and act in certain 

situations (Bryman and Bell, 2015, p. 32). People are being taught and “programmed” what 

they are supposed to do in certain situations and what the common rules are (Bryman and Bell 

2015, p. 32). Both following and breaking the norms and values set by their social phenomena 

will have consequences for their status (Bryman and Bell, 2015, p. 32).  Objectivism implies 

furthermore that “social phenomena confront us as external facts beyond our reach or 

influence” (Bryman and Bell, 2015, p. 32). This is in line with the descriptions from the other 

researchers (Collis & Hussey, 2014, p. 46; Long et al., 2000, p. 190) who state that in on the 

most objective side of the spectrum, which is linked to positivism, the “reality is objective and 

external to the researcher” and there is “only one reality”. Constructionism on the other hand 

challenges the objective ontological consideration by stating that the “social phenomena and 

their meaning are continually being accomplished by social actors (Bryman & Bell, 2015, p. 

33). Which is opposite of the objectivist consideration and therefore it can be seen a bottom-

up view of reality. An important way of viewing reality is that the earlier mentioned social 

phenomena are being formed by the interaction between its social actors and these phenomena 

are constantly in revision and therefore less static than in objectivism (Bryman & Bell, 2015, 

p. 33). This means, depending on the person who views the phenomenon under study, the 
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reality will be different and therefore there are multiple realities (Bryman & Bell, 2015, p. 33; 

Collis & Hussey, 2014, p. 46). This is in huge contrast with objectivism. The view that social 

actors have an influence on the reality is another characteristic of the constructionist view 

which is agreed upon by multiple researchers (Bryman & Bell, 2015, p. 33; Collis & Hussey, 

2014, p. 46). Long et al. (2000, p. 190) even state that the reality is “cognitively constructed on 

an individual basis”. This goes even further than the claim from the previous researchers who 

claim that social actors merely have an influence on the reality rather than that reality is 

constructed by its actors.   

 

When simply looking at the characteristics of qualitative research, we adopted a constructionist 

point of view. This is also in line with the way we perceived the characteristics of 

constructionism. For their research, we believed that the organizations behaved not in one way, 

but that the social actors, in this example the interviewees, all had a different view of, and 

influence on, reality. Same goes for when looking at the researchers as social actors. Both of 

the researchers viewed the reality differently and the outcome of the research simply cannot be 

labeled as black or white. In order to decide to what extent an objective or constructionist view 

should be taken, Morgan and Smircich (1980, p. 492), have created a continuum on which 

researchers can place themselves. Note that Morgan and Smircich (1980) use the word 

subjective instead of constructive. We took our stance based on that spectrum (Table 3). The 

spectrum goes from left, very objective, to right, very subjective and has multiple “middle 

grounds”. Even though we, theoretically, seemed to place ourselves on the constructivist end 

of the spectrum, in practice we turned out to be more in the middle. When considering how the 

research has been conducted, taking information from interviewees and analyzing this data, we 

even turned out to be more on the objectivist side of the middle and agree on taking the 

ontological position where they view the “reality as a contextual field of information” (Morgan 

& Smircich, 1980, p. 492), which can be found in third column of Table 3. The description of 

this approach (Morgan & Smircich, 1980, p. 495) is in line with how we see the reality and 

how we will treat the knowledge gathered. Namely that this study focuses on mapping the 

contextual scene of subjects. We believe that individuals are constantly interacting and being 

affected by its continual environment, by understanding the context of the subject it is possible 

to understand their cognition and/or behavior. This description is in line with Morgan & 

Smircich (1980, p. 494-495) explanation of an intermedium between an objectivistic and 

subjectivist perspective. 
 
Table 3 The Objectivist-Subjectivist Spectrum. 

Source: Morgan & Smircich (1980, p. 492) 

1. Reality as a 

concrete 

structure 

2. Reality as a 

concrete 

process 

3. Reality as a 

contextual 

field of 

information  

4. Reality as a 

symbolic 

discourse  

 

5. Reality as a 

social 

construction 

6. Reality as a 

projection of 

human 

imagination  

Objectivist Approach Subjectivist Approach 

3.3 Epistemology 

According to Bryman and Bell (2015, p. 26) an “epistemological issue concerns the question 

of what is (or should be) regarded as acceptable knowledge in a discipline”. The most common 
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question concerns the issue whether or not the social world and natural science world can be 

studied similarly or not (Bryman & Bell, 2015, p. 26; Morgan, 2012, p. 51). Whereas Bryman 

and Bell (2015) make a distinction between three main epistemological considerations namely; 

positivism, realism and interpretivism, other researchers claim there is a fourth consideration 

named pragmatism (Morgan, 2012; Saunders et al., 2012). However, all researchers make a 

distinction between the natural science world and social science world. The epistemological 

consideration from the natural science world, positivism, is going to be discussed first. Morgan 

(2012, p. 56) state that positivism, for a long time, was seen as the only and, therefore, most 

dominant paradigm. This was caused by the lack of attention on Qualitative Research and 

missing paradigm in this area. This furthermore indicates that in the past the majority of 

research was conducted in the natural science field and that this field can be linked to 

quantitative research and therefore the positivist paradigm (Morgan, 2012, p. 55). Over the 

years, many researchers have described positivism differently and the key concepts of 

positivism vary from researcher to researcher. Known descriptions vary from indicating a 

“philosophical position” that defines how researchers view the topic of their research, to simply 

connecting it to the specific form of data collection (Bryman & Bell, 2015, p. 27). However, 

there are five widely known principles on which positivism heavily relies (Bryman & Bell, 

2015, p. 28). No matter how the researcher describes what positivism means to him/her, these 

five principles are being agreed upon and therefore will be followed by all researchers. The 

first of those five principles are concerned with the way how researchers should view and 

analyze knowledge and therefore how to interpret the trustworthiness of this knowledge 

(Bryman & Bell, 2015, p. 28). In positivism knowledge “confirmed by the senses” can be 

confirmed as true knowledge (Bryman & Bell, 2015, p. 28). Furthermore, for principle two and 

three researchers have to implement both principles of deductivism and inductivism (Bryman 

& Bell, 2015, p. 23-26; 28). Deductivism and inductivism are concerned with the approach of 

the research and draws a distinction between theory and research. For positivism, the deductive 

principle means that the role of the theory is to create hypotheses that will confirm and explain 

certain “laws” (Bryman & Bell, 2015, p. 28). Whereas the inductivist approach will determine 

how knowledge is “arrived at" (Bryman & Bell, 2015, p. 28). “This is done by gathering facts 

that provide the basis for laws” (Bryman & Bell, 2015, p. 28). The approach of the research 

will be further explained in subchapter 3.3. The fourth principle of positivism addresses the 

bias and values that are allowed while conducting research. In positivism researchers should 

remain unbiased and value-free, or objective (Bryman & Bell, 2015, p. 28). Objectivism, as 

discussed in subchapter 3.1, is one of the main ontological considerations. The final principle 

is linked to the first principle and concerns the “distinction between scientific and normative 

statements” (Bryman & Bell, 2015, p. 28). Only scientific statements can be perceived as 

correct since there are the ones that can be “confirmed by the senses” which is the first principle 

of positivism (Bryman & Bell, 2015, p. 28). Another epistemological consideration, which is 

linked to positivism, is realism and in specific; critical realism (Bryman & Bell, 2015, p. 28). 

Realism can be seen as a different philosophical position that tries to tackle the limitations that 

researchers see in positivism while still using the “strengths” of positivism (Bryman & Bell, 

2015, p. 28-29). Critical realism therefore aims to reject “the application of natural scientific 

principles to the study of social reality” (Bryman & Bell, 2015, p. 28), something which is 

deemed impossible in positivism. On the other side of the spectrum researchers explain another 

epistemological orientation. 

 

The interpretivist orientation (Bryman & Bell, 2015, p. 29) was created as an alternative to 

positivism with the claim that objects and people require a different research strategy. 

However, due to the rising popularity of qualitative research, the positivist paradigm “was 

called into question by a set of challengers” (Morgan, 2012, p. 56) and the need for a competing 



 

26 

 

paradigm was brought into light. Where in the positivist approach, researchers put emphasis 

on explaining human behavior, the interpretivist approach puts more on understanding this 

behavior (Bryman & Bell, 2015, p. 28). Bryman and Bell (2015, p. 28) explain this difference 

further by stating that “interpretivism is concerned with the empathic understanding of human 

action rather than with the forces that act on it.” Collis and Hussey (2014, p. 47) state that there 

are two key epistemological assumptions of interpretivism. The first principle states that 

knowledge can only be perceived as knowledge when it has been “confirmed by the senses” 

whereas in interpretivism “knowledge comes from subjective evidence from participants” 

(Collis & Hussey, 2014, p. 47). This is being complemented by the second assumption which 

describes that it necessary for researchers to “interact with the phenomena under study” (Collis 

& Hussey, 2014, p. 47). Both of the assumptions state that in interpretivism interpretation and 

interaction is required in order to understand human action. Bryman and Bell (2015, p. 30) 

confirm both these epistemological assumptions by saying that “social reality has a meaning 

for human being and therefore human action is meaningful” and that researchers need to find 

access to the “common-sense thinking” of the phenomena under study and when doing so 

should “interpret their actions and their social world from their point of view”. Morgan (2012, 

p. 65) explains why he proposes a new approach for social scientists. In this pragmatic approach 

Morgan (2012, p. 68-69) places methodology in the center of the research and proposes 

researchers to constantly move backward and forward between epistemology and method 

rather than choosing a philosophical stance in the beginning of the research. Furthermore, this 

flexibility also results in differences in how researchers should include value in their research. 

According to Morgan (2012, p. 69) it does not matter what kind of research will be conducted, 

since it always beneficial to take values such as “personal history, social background, and 

cultural assumptions into consideration”. When applying this into practice it becomes clear that 

the pragmatic approach steps aside from the two traditional, Qualitative and Quantitative, on 

more than one level. Where Bryman and Bell (2015, p. 38) only explain the differences between 

these two traditional approaches, Morgan (2012, p. 71) proposes this pragmatic approach as a 

third, more flexible approach. He adds a new form of “connection of theory and data” called 

abduction, a new “relationship to research process” called intersubjectivity, and a new 

“interference from data” named transferability (Morgan, 2012, p. 71). Where in abduction it is 

possible to move back a forth between deduction and induction, the former linked to the 

quantitative approach and the latter linked to the qualitative approach (Bryman & Bell, 2015, 

p. 38; Morgan, 2012, p. 71). The “relationship to research process” can be compared to the 

ontological assumption, where in the pragmatic approach not one stance is being taken, but the 

“intersubjectivity” makes it possible to take both the objective and subjective stance (Morgan, 

2012, p. 71). It also includes that it is possible for a research to have one “real world” and a 

world where “all individuals have their own unique interpretations (Morgan, 2012, p. 71).” 

Finally, transferability includes that the outcome is either context-bound or generalizable, but 

instead researchers should have an open mind to what information can be transferred to other 

settings (Morgan, 2012, p. 71).  

 

Now that all the possible epistemological considerations have been discussed we will have to 

explain our stance. As already discussed in this thesis, we conducted a qualitative study. 

According to Bryman and Bell (2015, p. 38) the interpretivist orientation is linked to this 

approach. However, basing our epistemological orientation purely on this information would 

be insufficient. When gaining knowledge in our field of research and on our topic it is of utter 

importance for us to be in contact with experts in this field and as already explained, this 

“human interaction” is part of epistemology. Furthermore, when doing so, it is impossible for 

us to have knowledge “confirmed by their senses” but it required the interpretation of the 

actions of the phenomena under study, which is another feature of epistemology. Also, the 
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positivist principle in which hypotheses will be tested in order to generate laws does not apply 

to this research, but in contrast to that theory will be generated (Bryman & Bell, 2015, p. 25). 

All of the above-mentioned reasons argue against positivist and realist considerations and in 

favor of the interpretivist consideration. This means that we only have to argue why the 

pragmatic approach did not match our philosophy. Since we had a clear research in mind, they 

did not require the flexibility the pragmatic approach brings. We aimed to stay on one side of 

the spectrum and the option to switch to measures that belong to other epistemological 

considerations did not apply in our case and have therefore not been considered to avoid 

confusion in later parts of the research. 

3.4 Reflection on the choice of literature 

Sandberg and Alvesson (2011) explain how gap-spotting serves as a tool to construct research 

questions. While doing so, they give several examples what kind of gaps can be spotted in 

different situations, furthermore they make a distinction between the traditional gap spotting 

modes (Sandberg & Alvesson, 2011, p. 28) and the modes that go beyond gap-spotting 

(Sandberg & Alvesson, 2011, p. 37 - 39). Sandberg and Alvesson (2011, p. 39) refer to the 

basic gap-spotting modes as track-bound modes. The track-bound modes include confusion 

spotting, neglect spotting, and application spotting (Sandberg & Alvesson, 2011, p. 28-29; 39). 

Even though these are the basic gap-spotting modes, Sandberg and Alvesson (2011, p. 31-32) 

state these modes also have a big downside. They explain that by using the basic gap-spotting 

modes do not provide “interesting and influential” theories, since they do not challenge the 

“assumptions which underlie existing theory” sufficiently (Sandberg & Alvesson, 2011, p. 32). 

Sandberg and Alvesson (2011, p. 39) proposed modes do challenge these assumptions more 

and will therefore generate more interesting theories. These modes can be divided in the 

disruptive mode and a combination between track-bound and disruptive modes (Sandberg & 

Alvesson, 2011, p. 39). Under disruptive modes falls problematization, where the authors 

formulate the research in such a way that it, for example, critically rethinks and challenges an 

existing theory (Sandberg & Alvesson, 2011, p. 38). In the mode where the track-bound and 

disruptive modes are being combined we can find critical confrontation, new idea, and quasi-

problematization (Sandberg & Alvesson, 2011, p. 38). 

 

Furthermore we can state that literature is one of the core aspects of a study, it provides the 

researchers with a conceptual framework to construct their study around, provides the readers 

with an opportunity to understand the phenomenon and terminology of the study, and it 

provides an insight in the researcher its way of thought. Due to the importance of this section 

we emphasized on providing both a reliable and consistent foundation of this study. 

 

We performed the search for literature in two different stages, first we searched for literature 

that revolves around the theoretical concepts of the study as separate areas, further we 

combined the keywords to enable the search for theoretical studies and findings that provided 

a bridge between the different areas. In terms of the source of our theoretical frame of reference, 

we reviewed and referred to peer reviewed articles as much as possible. We did step aside from 

this principle with Christensen et al. (2016), however we argue that the authors their renowned 

position in the area of business models adds legitimacy to the source.  

 

Large parts in the area of business models are still conflicted about the fundamental definition 

of the term. Besides that, the concept has resulted in a development of three distinctly different 

applications path (Foss & Saebi, 2017, p. 18). Wirtz et al. (2016, p. 38) also states that authors 

continue to use outdated definitions and theories, which results in further misalignment towards 
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the development of a general term. During the literature search we set out to establish a 

sufficient theoretical background of the concept. Therefore, we put effort in providing the 

reader and ourselves with a theoretical framework that included an overview from what we 

found to be the most recent and general definition of the term business model. We found that 

the topic of industry 4.0 to be of a novel state, most of the research in the area was of a technical 

nature. We found that these technical studies were suitable when defining what elements, the 

concept consisted of. 

 
Table 4 List of keywords 

Key Area Keywords Search Sources 

Business Models Business Model(s) 

Business Model Innovation 

Business Model Adaption 

Innovation 

University Library Database 

Science Direct 

EBSCOHost  

Elsevier  

Google Scholar  

Industry 4.0 Industry 4.0 

Internet of Things 

Big Data 

Cyber Physical Systems 

Industrial Internet of Things 

University Library Database 

Science Direct 

EBSCOHost  

Elsevier  

Google Scholar  

Firms SMEs 

SMBs 

Large Firms 

Small Sized Firms 

Medium Sized Firms  

University Library Database 

Science Direct 

EBSCOHost  

Elsevier  

Google Scholar  

 

3.5 Research Approach 

When discussing the relationship of theory and research there are several viewpoints that can 

be taken. The different viewpoints have already been discussed briefly in the ontological and 

epistemological subchapters, but need a subchapter solely dedicated to themselves as well. 

Traditionally there are two different viewpoints on how to see this relationship, however 

nowadays researchers are convinced there is a third standpoint as well (Bryman & Bell, 2015; 

Morgan, 2007; Saunders et al., 2012). The first and most common view is called deductive 

theory, or deductivism, which focuses on the creation and testing of hypotheses based on 

already available data (Bryman & Bell, 2015, p. 23). After the collection of data and analysis 

of the findings. the hypotheses can either be confirmed or rejected. The process of thoroughly 

investigating whether the hypotheses can be confirmed or not is called empirical scrutiny 

(Bryman & Bell, 2015, p. 23). Confirmation of the hypotheses means that the existing theory 

will be revised (Bryman & Bell, 2015, p. 22). Collis and Hussey (2014, p. 7) state that in 

deduction “particular instances are being deduced from general inferences”. Simply put this 

means that when using a deductive approach, the theory goes from general to more specific 

(Collis and Hussey, 2014, p. 7). Which makes sense when considering that fact that out of all 

the gathered data eventually a specific hypothesis, or multiple hypotheses, will be tested. 

Meaning that from theory a specific observation/finding is done (Bryman & Bell, 2015, p. 25). 

On the other side, we find induction which moves in the opposite direction of deduction, 
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meaning that observations and or findings are being converted into theory (Bryman & Bell, 

2015, p. 23-25). This is done when researcher “infers the implications of his or her finding for 

the theory that prompted the whole exercise” (Bryman & Bell, 2015, p. 23). Collis and Hussey 

(2014, p. 7) explain induction as a phenomenon where “general inferences are induced from 

particular instances”. As induction is the opposite of deduction we can therefore say that it 

moves from specific to general (Collis & Hussey, 2014, p. 7). 

 

When talking about the relationship between research strategies and role of theory in research, 

Bryman and Bell (2015, p. 38) explain that deductivism and quantitative research strategies are 

inseparable. Linking it therefore also, as stated before, to positivism and objectivism. However, 

as seen in positivism (Bryman & Bell, 2015, p. 28) researchers always have to apply both 

inductive and deductive viewpoints. The opposite goes for induction, a characteristic of 

qualitative research, where it is possible to include deductive views (Bryman & Bell, 2015, p. 

25; 38). A third research approach, that involves both inductive and deductive viewpoints, is 

called abduction (Bryman & Bell, 2015, p. 25-26; Morgan, 2007 p. 71). In abduction 

researchers do make a distinction between either one of the previous mentioned research 

approaches, but they choose to not pick a fixed point of view and can therefore move back and 

forth between deduction and induction (Bryman & Bell, 2015, p. 26; Morgan. 2007, p. 71). 

Researchers do not seem to completely agree on the use of the abductive approach yet. On one 

side, there are Bryman and Bell (2015, p. 26), who link abduction to specific types of research 

and view it as a somewhat new phenomenon. Morgan (2007, p. 71) on the other hand, simply 

states that is a situation which is about “[at] first converting observations into theories and then 

assessing those theories through action”. After analyzing the theoretical part of the research 

approach, we have decided that an inductive approach matches their research best. It became 

most clear when comparing the process of both deduction and induction. We wanted to turn 

our findings and observations into new theory and not the other way. The deductive feature of 

hypotheses testing was not applicable in this thesis. Similar to our choice in the epistemology 

subchapter, we also did not need to the flexibility to move back and forth between approaches 

and therefore we have decided not to follow the abductive approach. 

3.6 Research Design 

Bryman and Bell (2015, p. 53 - 76) explain there are five main research designs, all with their 

own different characteristics and therefore suitable for different researches. First, there is the 

experimental design (Bryman & Bell, 2015, p. 53 - 61) which appears to be very rare in 

business and management, but serves due, to its high internal validity, as a strong tool of 

comparison with frequently used designs. Experiments are conducted by dividing the subjects, 

independent variables, of research in two different groups where one group will be manipulated 

in order to force a different outcome (Bryman & Bell, 2015, p. 53). The group by doing so, the 

impact of the independent variables on the dependent variables will become clear (Bryman & 

Bell, 2015, p. 53). Even though a high validity is desired in business research, manipulation of 

the variables is most of the times impossible in this type of research (Bryman & Bell, 2015, p. 

53). Within the experimental design there are two different main directions a researcher can 

decide to follow; field and laboratory experiments (Bryman & Bell, 2015, p. 53). In a field 

experiments the researcher uses a real-life setting in which “a scenario is employed as a 

substitute for a real-life setting” (Bryman & Bell, 2015, p. 53). In a laboratory experiment, 

researchers have more control over the setting, however it because of this control it might not 

be as representative to the real world as a field experiment (Bryman & Bell, 2015, p. 57). The 

actors in laboratory experiments are also known to behave differently from actors in real-life 

settings (Bryman & Bell, 2015, p. 57). Finally, quasi-experiments complete the set of possible 
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experimental designs (Bryman & Bell, 2015, p. 59-60). Quasi-experiments cause doubt among 

researchers since not everyone is convinced of its validity. This doubt comes from the lack of 

randomness and lack of control group, the group that is not being manipulated (Bryman & Bell, 

2015, p. 60). As mentioned, due to the manipulation, an experimental design is almost 

impossible in business research. 

 

However, the fact that different groups are being compared is considered as a strength and 

therefore it is seen as the foundation for other research designs (Bryman & Bell, 2015, p. 61). 

The cross-sectional design is one of those related designs (Bryman & Bell, 2015, p. 61). 

Standard elements of a cross-sectional design are the selection of multiple cases, which are 

being surveyed simultaneously at one point in time, by gathering quantifiable data of subjects 

that will, and can, not be manipulated (Bryman & Bell, 2015, p. 61-62). Even though an 

element of comparison is visible, the second and last element differs from the classic 

experiments. Furthermore, it is stated that not manipulating the variables has an effect on the 

validity of the data and therefore cannot guarantee a causal relationship (Bryman & Bell, 2015, 

p. 62). The use of quantifiable data implies that the cross-sectional design limits itself to 

quantitative strategies, however this is design is also being used in qualitative strategies 

(Bryman & Bell, 2015, p. 66). When conducting unstructured or semi-structured interviews, 

researchers can gather information from different “variables” and afterwards compare this data 

(Bryman & Bell, 2015, p. 66).  

 

Next research design is the longitudinal design (Bryman & Bell, 2015, p. 66), which is mainly 

“used to map change in business and management research”. As longitudinal study 

characterizes itself by the lengthiness and its high costs, which is seen as a limitation, and is 

therefore quite rare (Bryman & Bell, 2015, p. 66). It is comparable to a cross-sectional study, 

however instead of having just one surveying moment, there are at least two, which increases 

the value of the outcome since causal relationship can be visible (Bryman & Bell, 2015, p. 66). 

Bryman and Bell (2015, p. 67) state that all types of longitudinal studies do experience the 

same problems. For example, companies that have been surveyed the first time, might go 

bankrupt and can therefore not participate the second time (Bryman & Bell, 2015, p. 67). This 

phenomenon is called sample attrition (Bryman & Bell, 2015, p. 67). Another weakness of 

longitudinal studies is the big pile of data it creates, with “little apparent planning” (Bryman & 

Bell, 2015, p. 67).  

 

Next design is called case study design, “entails the detailed and intensive analysis of a single 

case” (Bryman & Bell, 2015, p. 67). The definition of case is not a fixed one and everything 

that can be observed can serve as a case. From an organization to a location or from a person 

to a single event (Bryman & Bell, 2015, p. 67-68). A case study stands out from other designs 

because it focuses on a single entity and observes this entity thoroughly in order to gather as 

much information as possible (Bryman & Bell, 2015, p. 68). Case studies are not solely 

combined to qualitative strategies, but usually are subject for researches with a mixed method 

strategy (Bryman & Bell, 2015, p. 68). A difference between case studies and cross-sectional 

studies can be found in the type of data researchers are looking for. In case studies researchers 

apply for idiographic approach, meaning that they look for information which is unique to 

subject under study (Bryman & Bell, 2015, p. 68). A researcher using a cross-sectional design 

applies an opposite, nomothetic approach (Bryman & Bell, 2015, p. 68). This states that the 

statements they generate should be applicable “regardless time and place” (Bryman & Bell, 

2015, p. 68). A similarity between those designs can be seen in the way the research approach, 

inductive or deductive, is being applied (Bryman & Bell, 2015, p. 68). All designs can have a 

deductive approach and quantitative strategy, where in an experimental and cross-sectional 
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design this mostly is the case (Bryman & Bell, 2015, p. 68). However, a case study and cross-

sectional study can, theoretically, have an inductive approach (Bryman & Bell, 2015, p. 68). In 

both designs this depends on which strategy, qualitative or quantitative, has been chosen 

(Bryman & Bell, 2015, p. 69). According to Yin (2003 as cited in Bryman & Bell, (2015, p. 

69-70)) distinguishes five different type of cases that can be either be applied separately or can 

be combined in one research. Different from other research design is the extent to which the 

case studies are representative to the rest of the population.  

 

Where in other research designs, it is of utter importance that the study is representative for the 

rest of the population, in case studies researchers mainly limit their field of interest to the 

particular case (Bryman & Bell, 2015, p. 71). However, by thoroughly studying and analyzing 

that case, researchers of the case study will gather an extensive amount of knowledge (Bryman 

& Bell, 2015, p. 71). Finally, there is the comparative research design (Bryman & Bell, 2015, 

p. 72). As the name states, in a comparative design, researchers compare two or more 

contrasting cases and while doing so they aim to use identical methods (Bryman & Bell, 2015, 

p. 72). Again, the art of comparing at least two different scenarios, similar to the previous 

research designs, is going to provide the research clarity on a certain specific phenomenon. As 

stated before, in a comparative design there are at least two cases under investigation, each case 

will be designed as a cross-sectional study and therefore researchers can use both qualitative 

and quantitative research methods (Bryman & Bell, 2015, p. 72). Comparative design is mainly 

used for cross-cultural or cross-national research, where in the cross-cultural design a 

distinction between different cultures or the interaction between different cultures can be made 

(Bryman & Bell, 2015, p. 72-73). 

 

For the research on the impact of the drivers of Industry 4.0 on the aforementioned segments 

of the business models we applied a cross-sectional design. The main reason for this is the fact 

that we interviewed our participants at a single moment in time and there have not been 

conducted multiple interviews to observe a certain change. When comparing the interview 

results, we aimed to observe whether a difference between SMEs and large firms was present 

or not. In order to come to this conclusion, we made the choice to conduct qualitative interviews 

at one single moment in time. Bryman and Bell (2015, p. 77) explain how in an experimental 

design there is no typical form of having a qualitative strategy. On top of that, we did not seek 

to manipulate any of our target groups and rather than having two groups, we had multiple 

single participants. The main goal of a longitudinal study is to observe a change over a long 

period of time by having multiple contact moments, which can be both qualitative and 

quantitative. As stated before, we planned to only have one moment when conducting 

interviews and, as stated in the limitations as well, we did not have enough time to apply a 

longitudinal design. In a case study, researchers would have to observe a single, or multiple 

cases, intensively to gain a deeper understanding of their case. However, we did not seek to 

just get an understanding of that specific case but aimed to gain an understanding of multiple 

participants and seek to eliminate the limitations of the case study (Bryman & Bell, 2015, p. 

70-71). Finally, since a comparative design is mainly used to observe multiple contrasting 

cases, e.g. cultures, this also does not apply to this thesis. Therefore, we have applied a cross-

sectional design with a qualitative strategy. 

3.7 Research Strategy 

When translating the epistemology and approach of the research to the strategy of the study, it 

can be explained that a qualitative strategy matched the goals of this research best. The 

inductive and interpretivist characteristics belong on the qualitative side of a study (Bryman & 
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Bell, 2015, p. 38; 392). Only on the ontological position we decided to not look as black and 

white as Bryman and Bell (2015, p. 32-34) do. Instead of considering two different viewpoints, 

constructivist and objectivist, we decided to place ourselves on a spectrum proposed by Morgan 

and Smircich (1980, p. 492). On this spectrum, we ended up on the objective side which is 

usually linked to a quantitative strategy. However, we are, based on our strong interpretivist 

position on epistemology and research approach, convinced that, that strategy matched our 

study best. Furthermore, the idea of conducting qualitative interviews also belongs to a 

qualitative strategy (Bryman & Bell, 2015, p. 393 - 394). Qualitative research includes a total 

of eight, six main and two side, steps that have to be followed (Bryman & Bell, 2015, p. 395) 

namely; 

1. Creation of general research questions 

2. Selecting relevant site(s) and subjects 

3. Collection of data 

4. Interpretation of data 

5. Conceptual and theoretical work 

a. Tighter specification of research question(s) 

b. Collection of further data 

6. Writing up findings/conclusions 

 

Bryman and Bell (2015, p. 395) illustrate how researchers have to follow all steps according 

and can, if necessary, move back and forth between step four and five until they have fabricated 

a strong foundation on which they can base their findings and conclusion. Furthermore, it is 

stated that qualitative research has its own specific characteristics concerning reliability, 

validity, and other quality criteria (Bryman & Bell, 2015, p. 399-404). Those criteria have been 

evaluated in their own subchapter, since we believed that they required more attention than just 

an honorable mention in this subchapter.  

3.8 Data Collection 

As stated in subchapter 3.5, Research Strategy, the collection of data is the fourth main step in 

qualitative research (Bryman & Bell, 2015, p. 395). Qualitative research has its own 

characteristic data collection, and sampling methods. Where in quantitative research 

probability sampling is most common, qualitative research mostly revolves around purposive 

sampling (Bryman & Bell, 2015, p. 428). Purposive sampling has to do with the “selection of 

units with direct references to the research question being asked” (Bryman & Bell, 2015, p. 

428-429). This can therefore be seen as non-probability sampling since the participants are not 

being selected on a random basis, but on level of possible contribution to answering the 

research question (Bryman & Bell, 2015, p. 429). Within purposive sampling there are different 

approaches that make a distinction between whether the sample is already known at the moment 

the research starts or not (Bryman & Bell, 2015, p. 430). This is called a fixed, or non-sequential 

approach. Where on the other side there is a sequential approach where the sample is already 

known at the moment the research starts (Bryman & Bell, 2015, p. 430). Furthermore, there 

are contingent, where the sampling criteria evolve over time, and priori, preset criteria, 

approaches, (Bryman & Bell, 2015, p. 430). Both the non-sequential vs. sequential and 

contingent vs. priori are being guided by the research question (Bryman & Bell, 2015, p. 430). 

 

Within purposive sampling there are three different main sampling approaches. First of them 

is the theoretical sampling (Bryman & Bell, 2015, p. 431). In theoretical sampling, researchers 

are being guided by the available theory they have gathered concerning their topic, and 

therefore answering the research question (Bryman & Bell, 2015, p. 432). After the first period 
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of data collection and analysis, researchers will determine if they have enough theory to answer 

the research question, this is called theoretical saturation (Bryman & Bell, 2015, p. 431). In 

case they have not reached theoretical saturation, the research will draw a new sample and start 

collecting data again (Bryman & Bell, 2015, p. 432). Next approach in purposive sampling is 

called generic purposive sampling. Generic purposive sampling is done in research where the 

main goal is to generate "theory and theoretical categories”, whereas theoretical sampling is 

used when the main goal is to create “theoretical categories and inferences” (Bryman & Bell, 

2015, p. 432). Furthermore, theoretical sampling is done in a sequential manner, generic 

purposive sampling can be done in either sequential or non-sequential mode (Bryman & Bell, 

2015, p. 432). This flexibility is similar to the way criteria can be selected, which can be done 

in both priori or contingent manners (Bryman & Bell, 2015, p. 432). Finally, sampling can be 

done through snowball sampling (Bryman & Bell, 2015, p. 434). In snowball sampling, 

researchers initially contact a small group of people and then ask people from the group for 

help in further sampling (Bryman & Bell, 2015, p. 434). Snowball sampling is a rare form is 

sampling since it is hard to get in contact with the right participants while not having full control 

over the process (Bryman & Bell, 2015, p.35) and will therefore not be used by us. 

 

In this thesis, we adopted a generic purposive sampling strategy. The way how we chose our 

participants and based on what criteria they were chosen will be explained in subchapter 3.8.1. 

The most apparent reason for this, is the fact that, that type of sampling is used to generate 

theory and theoretical categories, which is what we aimed to achieve in this study. Furthermore, 

a sequential, contingent approach has been used. The sequential approach, regarding the 

sample, came from the fact that our sample has been created while the research was ongoing. 

When the research started, we did not have a clear view on the sample yet, but this was born 

throughout the research. On the other hand, the contingent approach indicates that the criteria 

for selecting the participants were not clear at the beginning of the research. This can be stated 

as true, since we mainly agreed on the topic of the thesis, however the design, including criteria 

for sampling, became clear while the research was ongoing.  

 

Now that our sampling is known, we will explain our primary data collection method. We have 

used semi-structured qualitative interviews as our main form of data collection. A semi-

structured interview means that an interview guide is made beforehand, however it is possible, 

and encouraged, for researchers to go “off-topic” and ask questions that arise during the 

interview (Bryman & Bell, 2015, p. 480-481). This is different from the quantitative interview 

in which the approach is more structured and besides the pre-fabricated questions researchers 

do not ask additional questions. Meaning that the own opinion and ideas from the interviewees 

become more important and valued by the interviewers (Bryman & Bell, 2015, p. 480). As 

already mentioned, the flexibility of the qualitative interviews means that interviewers can 

reply to the answers of the interviews and react when concerns or unclarities occur (Bryman & 

Bell, 2015, p. 481). The answers on the other hand tend to be “rich and detailed” whereas in 

quantitative interviews, researchers aim to gather answers that can be “coded and processed 

quickly” (Bryman & Bell, 2015, p. 481). Within qualitative interviews a distinction between 

unstructured and semi-structured can be made as well. In an unstructured interview, usually 

only one question is being asked and after that both the interviewer and interviewee can 

continue the conversation without following an interview guide. Since we required a certain 

structure to have all the questions from respective themes answered, we went for the more 

structured form of qualitative interviews. 

 

Bryman and Bell (2015, p. 483) also state that a semi-structured interview goes hand in hand 

with a research that has a clear focus and knows what questions have to be answered in order 
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to achieve their goal (Bryman & Bell, 2015, p. 483). On top of that it is stated that when 

multiple people conduct the interviews, semi-structured interviews are desired as well, since 

this eliminates differences in interpretation among researchers (Bryman & Bell, 2015, p. 484). 

The interview guide that is going to be prepared serves as a guide for the interviewers but can 

also be used to gain the interest of the interviewee (Bryman & Bell, 2015, p. 486; 488). It is 

stated that when presenting the interview guide to the interviewee he or she might be more 

willing to participate since it becomes more tangible rather than “just receiving a request to be 

interviewed” (Bryman & Bell, 2015, p. 488). To main of goal of the interview is to gather 

insight in how the participant views the world and the research topic (Bryman & Bell, 2015, p. 

486). This means that the interview should revolve around this and therefore this has to be 

taken into consideration when constructing the interview guide. For this research, we 

constructed two interview guides. The first interview guide, that can be found in appendix 1, 

was for the firms that were invested in industry 4.0. The second interview guide, appendix 2, 

is used for the companies that were not invested in industry 4.0 as a definition. During the 

interviews, and based on the knowledge of the participants, questions from the interview guides 

were exchanged in order to get the best outcomes of the interviews. This was only done when 

the interviewer felt like it was beneficial for the research and this would not cause confusion 

on the side of the interviewee. Moreover, it is important for researchers to divide the interview 

in different themes in order to keep an overview and a keep the right “flow” in the interview 

(Bryman & Bell, 2015, p. 488). Another important point of attention is the way the questions 

are being formulated. Difficult, unclear language will confuse the interviewee and vague 

questions will not provide the answers that will help answer the research question (Bryman & 

Bell, 2015, p. 488).  

 

Furthermore, we recorded all the interviews and transcribe them afterwards. Recording 

interviews is of utter importance since it is impossible for researchers to remember everything 

said in the interview (Bryman & Bell, 2015, p. 494). Since researchers have to focus on leading 

the interview and providing relevant feedback, writing notes might distract them from doing 

that (Bryman & Bell, 2015, p. 494). The recorded data eventually has to be transcribed by the 

interviewer in order to translate the information to relevant data (Bryman & Bell, 2015, p. 494). 

More on transcribing and analyzing qualitative data will be discussed in the following 

subchapter. Finally, we decided what communication tools they used for the interview. The 

three most common means are; telephone interviews, face-to-face interviews, or interviews 

over Skype (Bryman & Bell, 2015, p. 497). All of them have their pros and cons. Telephone 

interviews for example provide the interviewees a certain feeling of anonymity (Bryman & 

Bell 2015, p. 497). This feeling can encourage the interviewees to talk more and to give more 

interesting answers. On the other hand, because of this anonymity the interviewee also feels a 

weak personal connection to the interviewer, meaning that it is easier for him/her to, without 

any feeling of guilt, terminate the call mid-interview  (Bryman & Bell, 2015, p. 498). Bryman 

and Bell (2015, p. 497-501) state that this is very common due to a combination of the length 

of the interviews and the busy agenda of interviewee. Another advantage of face-to-face 

interviews is that interviewers have the ability to read and observe an interviewee thoroughly 

(Bryman & Bell, 2015, p. 501). Conducting interviews over a video chat program, such as 

Skype or Facetime will give interviewers the possibility to see the participants without being 

in the same room with them, however a bad internet connection can severely hinder this type 

of communication (Bryman & Bell, 2015, p. 501).  

3.8.1 Sample and Participant Selection  

In this research, we conducted 7 semi structured interviews. Ritchie and Lewis (2003, p. 79) 

suggest that by keeping the sample small, the researchers are able to generate large and rich 
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amount of data. Three of these interviews were with managers/owners in SMEs and four of 

them with managers in large firms. All companies had to have a production line in order to 

qualify for the interview. The criteria we set up in order to keep the sample as homogenous a 

possible was that the managers have to have a direct connection with the manufacturing 

department, e.g. not a finance, or marketing manager, in order to guarantee the best answers to 

the interviews as possible. LF1, at first sight, did not qualify for those criteria, however as the 

spokesperson for the company, we were convinced that his contribution would be of high value. 

We followed the European Commission its standard of what was considered an SME. The 

European Commission states that a firm needs to fulfill two of the following criteria; the first 

criterion states that are firm cannot have more than 250 employees, secondly it means that a 

firm has to have a turnover of less than € 50 million or a total balance sheet of € 43million 

(ec.europa.eu). This is so that we could filter and categorize companies based on the grouping 

we were studying. Furthermore, the sample firms are based in four different markets. As 

mentioned earlier in this subchapter, because of its characteristics we have picked a generic 

purposive sampling approach. By contacting our direct network, we have found five 

participants. Three of those participants work in large firms, and two work in smaller firms. 

The potential participants had been contacted throughout the course of the thesis and they all 

agreed to participate. Furthermore, to find the last two last participant we used the network 

platforms LinkedIn, where we searched for institutes and firms that had direct relationship to 

industry 4.0, and we contacted firms we received contact information from through our 

personal network. One of LinkedIn searches turned out to be successful and LF4 agreed to 

participate in our research. SME2, the second and last participant that does not come from 

within our own network, we managed to establish communication with after a period with 

many attempts. That participant was found through a webpage from a consortium that helps 

SMEs to implement industry 4.0 into their operation. We found this consortium after 

conducting a google search on industry 4.0. After contacting all the stakeholders of the project, 

one of the main stakeholders provided us with a list of names. Out of the entire list, SME2 

eventually agreed to participate in our research.  

 

Due to the anonymity and confidentiality principles of this study, the details of our participants 

that we provide are limited to the size, industry and that all of our participants operate on the 

European market. We argue that this information provides the reader with a contextual insight 

in the situation of our participants, while not running the risk off revealing the identity of the 

firm. All of this has been summarized and presented in table 5. Furthermore, the participants 

of our SME group consist of one medium and two small firms, SME2 and SME3. We set out 

to find a homogeneous sample base, but we argue that the various industrial backgrounds 

provide a higher change to capture a broader point of view.  

 
Table 5 Respondent Profile 

Firm Industry Date of Interview Length of 

Interview 

Participant Position 

LF1 Truck industry April 12 2018 48 mins 52 sec Member 

Management Team 

R&D 

LF2 Multiple divisions 

within different 

industries 

April 25 2018 55 mins 58 sec Head of 

Communications 

LF3 Consumer goods April 13 2018 57 mins 37 sec Member 
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industry Management Team 

LF4 Multiple divisions 

with different 

industries 

April 24 2018 50 mins 42 sec Innovation Project 

Leader Industry 4.0 

SME1 Construction industry April 12 2018 25 mins 33 sec Project and 

Technology Manager 

SME2 Steel processing 

industry 

April 20 2018 48 min 22 sec Owner 

SME3 Manufacturing 

industry 

May 3 2018 38 mins 26 sec Engineer  

3.9 Data Analysis 

The initial phase of our analysis process consisted of transcribing our audio-recorded interview 

work by word, most of our interviews were not in English so in those interviews we had to 

translate before the creation of an English transcript of the conversations. a direct translation is 

not always possible as some of the content change meaning when put in the context of another 

language. Careful consideration was put in the translation process as an effort in maintaining 

the initial meaning the answers are in the language they were conducted in. 

 

A common method of analyzing data in a qualitative study is through categorization (Bryman 

& Bell, 2015, p. 599), We chose to perform a thematic analysis, as it fitted the nature of our 

study. an alternative is processing the data though coding, Bryman and Bell (2015, p. 597) stat 

that this technique tend to dislocate the finding from the context of the findings, We argue that 

the context of the participants answers are an important aspect of the data collection. We have 

taken into consideration Ryan and Bernard (2003, p. 89-94) recommendations on how to 

perform thematic search. The points we deliberately applied was; looking for repetitive 

thematic patterns (Ryan & Bernard, 2003, p. 89), search for transition of content (Ryan & 

Bernard, 2003, p. 90-91), comparing sections of text and try to spot similarities and differences 

with previous sections (Ryan & Bernard, 2003, p. 91), and finally identify theme by comparing 

the data to the information defined theoretical foundation (Ryan & Bernard, 2003, p. 93-94). 

Ryan and Bernard (2003, p. 94) express that there is a risk of searching for themes with the 

theoretical framework as a guide, as this might influence the perspective of the researcher and 

hinder one from discovering themes beyond the framework.  

 

In the thematic categorization process, we went over the empirical findings for each interview 

separately, in a chronological order, this process where done multiple time in order to compare 

previous sections with later one, according to Ryan and Bernard (2003, p. 91). First we were 

looking for thematic patterns in the larger categories. such as, sections related to either industry 

4.0, business models, changes, perceptions, and inertiae. Thereafter we searched through the 

broader themes in order to develop a more thorough analysis an example of this is the divisions 

of inertia into more specific one i.e. the one presented in the theoretical frame of reference. We 

argue that the context of the interview is a large part of our data, however, in the empirical 

findings we present the data by grouped similar question and reply into a more coherent format, 

in order to create a better flow and less repetitive data set, but at that time we found yourself to 

be very familiar with the data within our transcription documents (Braun & Clarke, 2006, p. 

87). Moreover, all of the interviews were done ether over phone or via an internet application, 
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such as Skype, at some occasions there were technical interference which disturbed the sound 

quality or the participants ability to understand the questions, therefore in occasions when we 

did not include sections that are repeated due to his circumstances, furthermore, Braun and 

Clarke (2006, p. 88) express that the thematic analysis don’t have the same demands on the 

level of details as the transcription of the conversations do. 

 

The chapters of discussion and analysis have been designed similar to the theoretical frame of 

reference. When looking findings that could be linked to the theory we went back to the 

transcribed files and checked whether or not all-important links to theory had been transferred 

from the transcripts to the empirical findings. In case important information from the transcripts 

was missing, we added this information to the empirical findings. We added this extra check 

to ensure that information would not go missing. Since we worked with two authors, we also 

performed an extra check which included that we both would read each other its work in the 

empirical findings while reading the transcripts of the interviews. By reading the works of our 

peers, we widened our frame of interpretation which allowed us to analyze the transcripts better 

and more thorough. All the extra checkpoints had the goal to prevent information from going 

lost and therefore not being considered in this research. Once the checks had been performed 

and we ensured that all data was mentioned in the thesis, we connected our theoretical 

framework to the empirical findings. Finally, the discussion and analysis were written by 

combining the theory and empirical findings that could help us to answer our research 

questions. 

3.10 Ethical Considerations 

Ethics in business research are important for more than one reason. Of course, it is important 

to protect the participants of the research, but we also have to be aware of the limits of our 

actions. Multiple ethics codes on how to behave during business research have been written 

(Bell & Bryman, 2007, p. 70). One more elaborate than the other, but all of them provide 

possible issues that researchers should take into consideration. 

 

Bryman and Bell (2015, p. 135-149) explain ten ethical and legal principles whereas Bell & 

Bryman (2007) complement this list by adding three more categories. It is now the task for us 

to conduct their research by following these eleven principles and therefore not be unethical 

and harm their research and the ones involved. Bryman and Bell (2015, p. 135) start by 

explaining that to harm to participants is considered as unacceptable. Even though the 

definition is self-explanatory it does go further than just making sure that participants do not 

encounter any physical harm. Also, psychological harm (Bell & Bryman, 2007, p. 71), and the 

prevention from this, is included in the definition and falls under our responsibility. Gorard 

(2002, cited in Bryman & Bell, 2015, p. 135) even goes further and includes harm to non-

participants as one of our tasks as well. Researchers have to also eliminate the risk, regarding 

e.g. waste of resources or damaging health, future users of the research run. Furthermore, it is 

also stated (Bryman & Bell, 2015, p. 135) that researchers should not harm themselves, which 

even goes to the extent that researchers should protect their own professional career. 

Anonymity and confidentiality fall, mostly the lack thereof, fall according to Bryman and Bell 

(2015, p. 136-138) under harm to participants, however in their earlier work, Bell and Bryman 

(2007, p. 71) name these principles as two different categories. Nevertheless, both have been 

taken into consideration when conducting this research. Furthermore, even though, harming 

participants can be done in various other ways than by not keeping in the mind anonymity and 

confidentiality, it can be stated that participants could be harmed by not taking these two factors 

into account. Confidentiality refers to how researchers should handle the data and to what 
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extent the gathered data can be made public whereas Anonymity talks about “the protection of 

anonymity of individuals or organizations” (Bell & Bryman, 2007, p. 71). We agree that terms 

concerning anonymity and confidentiality should be agreed upon before the start of the research 

to ensure that both parties are on the same page, this is also in line with the standards described 

by Bryman & Bell (2007, p. 136). Regarding confidentiality, it is of highly importance for 

students from Umeå University to indicate that all information will be publicly accessible on 

Diva. This to prevent that sensitive information, which the participants might regret sharing, 

will be included in the thesis.  

 

On the other hand, the use of pseudonyms is in both qualitative and quantitative research the 

simplest way of anonymizing individuals and organizations (Bryman & Bell, 2015, p. 136). 

We will guarantee the anonymity of its participants by referring to them thought codes, we 

have chosen to divide the participants into LF(number) and SME(number) to ensure the 

anonymity of the participants while provide a clearer overview of the participants in each 

group. Next in line is the lack of informed consent. Again, this concerns a possible ethical issue 

that has to be solved before individuals or companies decide to participate (Bryman & Bell, 

2015, p. 139). The potential participants have to be informed to the fullest before they decide 

to take part of the research (Bell & Bryman, 2007, p. 71; Bryman & Bell, 2015, p. 139). 

Informed consent does not only apply to participants that do not know they are part of a 

research, but also to the ones that willingly take part of a research (Bryman & Bell, 2015, p. 

139). Furthermore, even when the individuals have already agreed to participate, informing 

these participants about use of recording equipment or certain observation techniques also falls 

under informed consent (Bryman & Bell, 2015, p. 139). 

 

The next issue concerns how to handle the privacy of the participants. According to Bryman 

and Bell (2015, p. 143) warranting the privacy of the participants starts where informed consent 

stops. They state that, even though an individual agrees to participate, it does not mean that all 

questions towards these participants are allowed (Bryman & Bell, 2015, p. 143). Participants 

might consider some questions as offensive and off-topic which will consequently affect, or 

maybe even endanger, their participation in the research. Advice from Bryman and Bell (2015, 

p. 143) is to treat every case separately and consider what every participant might find “too 

sensitive” on a personal level rather than just looking at the sensitivity of the subject in general. 

Where anonymity and confidentiality concern how the information and the names of the 

participants should be handled, privacy goes one step further and questions if certain answers 

even should be mentioned in the research (Bryman & Bell, 2015, p. 143-144). Filtering this 

information can be done by scrapping the question or turning off the recording equipment 

(Bryman & Bell, 2015, p. 144). Furthermore, researchers might feel tempted to “represent their 

research as something other than what it is” (Bell & Bryman, 2007, p. 71; Bryman & Bell, 

2015, p. 144). This is called deception and of course that behavior is deemed unethical. 

Deception usually takes place when researchers are afraid they will not be able to gather the 

desired information when they are honest about the research and therefore feel the need lie to 

about this. (Bryman & Bell, 2015, p. 144). 

 

To complete the ethical consideration, Bell and Bryman (2007, p. 71) add dignity, honesty and 

transparency, and misrepresentation to the list. Dignity is concerned with the way all research 

participants should be treated. This should, of course, be done respectfully in order “to avoid 

causing anxiety or anxiety” (Bell & Bryman, 2007, p. 71). Honesty and transparency, on its 

turn, is linked to informed consent and deception as it states that the parties should 

communicate towards all parties involved in a trustworthy and honest manner (Bell & Bryman, 

2007, p. 71). This does not only apply to the information towards the participants, but all 
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communication to every stakeholder on every moment of the research (Bell & Bryman, 2007, 

p. 71). Another ethical consideration that is related to deception is misrepresentation. 

Misrepresentation simply states that all findings in the report cannot be false, misleading, 

misrepresenting, or misunderstanding (Bell & Bryman, 2007, p. 71). It is our task to report all 

data truthfully and in an honest manner. 

 

After discussing the ethical considerations, there are also four legal considerations researchers 

have to think of. First, it considers the matter of data management. When conducting research, 

sensitive data might be used, and that data might be suited for everyone to see. Even if we do 

not use the specific data in our report, this sensitive data should be managed properly. 

Information such as; names, photographs, religious beliefs etc. (Bryman & Bell, 2015, p. 146) 

should be stored safely. Databases, or computers on which sensitive data can be found should 

be provided with a password and offline archives should be provided with a lock in order to 

protect what is inside (Bryman & Bell, 2015, p. 146). Another consideration on the legal side 

that has to be addressed is the matter of copyright (Bryman & Bell, 2015, p. 147). The copyright 

issue that is being discussed here is regarding the issue whether researchers are free to share 

their data with other researchers and who “owns” the data. The ownership of information about 

e.g. a company that has been obtained during an interview belongs to the company itself and 

therefore the interviewee has to approve that the data is going to be shared with other 

researchers (Bryman & Bell, 2015, p. 147). The writers of the ethics codes unanimously have 

come to the agreement that informed consent and deception, as described above, belong in the 

ethics codes. However, recently researchers (Bryman & Bell, 2015, p. 146-147; Bell & 

Bryman, 2007; Bell & Wray, 2007 cited in Bryman & Bell 2015, p. 146) have proposed to add 

another category that is linked to informed consent and deception namely; reciprocity. 

Reciprocity entails that the research should be mutually beneficial for both the author and the 

participant (Bryman & Bell, 2015, p. 147). Meaning that, by collaborating with the participant 

and informing him or her truthfully it should be possible to achieve better outcomes for both 

the researchers and the participant (Bryman & Bell, 2015, p. 147). The last issue to be 

considered is applicable in case funding to researchers has been provided by an institution. This 

is called affiliation and conflicts of interest (Bell & Bryman, 2007, p. 71; Bryman & Bell, 2015, 

p. 149) and talks about how it is easy, and sometimes even expected by the funder, to be biased 

and present the results in a way so they turn out to be beneficial for the said funder. Researchers 

should therefore always mention if any resources have been provided and by who. In this 

research, we have not received any findings. 

 

After explaining all the issues regarding ethical and legal considerations, it is important for us 

to prevent these situations from happening by eliminating, and be conscious, about the potential 

risks. In the text above, we have already provided some of their answers on how they will do 

this, however in order to be as thorough as possible they have applied the “checklist for ethical 

issues to consider” (Bryman & Bell, 2015, p. 54) in order to guarantee that the entire research 

will be conducted ethically and in case of doubt the checklist will be used as a frame of 

reference. This checklist touches upon all the above-mentioned categories and serves therefore 

as a proper tool. 

 

  



 

40 

 

4. Empirical findings 

In the following chapter we will start by presenting the companies that participated. This will 

provide the readers with a contextual understanding of the nature of the sample. We will 

however, not present any specific details of the firm, as this will contradict with the 

confidentiality precautions this study is applying. Therefore, be believe that information like 

exact employee count, etcetera. Might provide enough information to reveal our participants 

identity. Thereafter, we present the responses we received in a narrative form and will be 

presented one by one, we found this most convenient due to the semi structured nature of our 

data collection method. Afterwards, we summarized some highlights thought out all interview 

in a table. 

4.1 LF1 

LF1 starts the interview with a bold statement “industry 4.0, I have never heard of it. I have 

heard about the drivers themselves, but not in relation to the definition industry 4.0” That 

statement immediately makes clear to what extent the company takes part in industry 4.0. Days 

before the interview, LF1 was given a small article on industry 4.0 and its drivers, but other 

than that he had never heard of the definition itself. However, he explains that after reading the 

article and hearing the short introduction on industry 4.0 when the interview started, that 

industry 4.0 mostly consists of an improvement, compared to industry 3.0, of intangible factors. 

“The usage of big data, cloud computing, integrated interfaces etc. is something we cannot 

touch and see. The machines itself, for example, do not change, but only what is inside them.”  

 

The most logical follow-up question was regarding the production line at the firm itself and 

how their factories look without knowing about industry 4.0. LF1 explains how the company 

only joins the hype in small portions. “When buying new machines or new production lines, we 

do look at the newest available technologies, however we do not belong to the innovators, or 

even smart followers in our business.” LF1 continues explaining what this means for them in 

practice. “Take last year for example… The closest thing we come to industry 4.0 in that 

production line will be the implementation of sensors, where without human interaction the 

machine can read a product and adjust the settings of the machine if necessary.” As said by 

the LF1, being an innovator is not their main goal, and therefore also is not mentioned in the 

strategy of the company. Making the best product on its turn, is the main goal of the company. 

When being asked how industry 4.0 comes in place here, the interviewee sees some benefits 

“... [industry 4.0] is indeed a tool that can help to make better products since it mitigates risk, 

improves safety, quality, and reliability etc.”  

 

LF1 then further explains that the mere existence of industry 4.0 will, never change the 

company its strategy and that the employees will always be taken into consideration whenever 

a decision is to be made. “For us it does not matter how we make the best product, as long as 

we make the best product and our employees are an important factor in that part. We cannot 

just cut them out.” The conversation continues to talk about the common perception that 

automation serves as a threat for manufacturing employees and the anecdotes that human 

interaction of the workspace will become redundant in the future. “... there are not just 

disadvantages and threats for [the employees]. [The management] looks for mutual benefits. 

In “my factory” we have deliberately chosen to keep in checkpoints with human interaction in 

order to see what is going on with the product, so a mistake can be spotted early on in the 

production process, this is something a machine cannot do.”  
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LF1 continues by giving a real-life example of a company that has chosen to automate their 

entire production process and as a result over a 1000 people lost their jobs. This is, according 

to him, not the way to go and especially not at this stage of the industrial revolution. This is in 

line with the earlier statement that “his” company has deliberately chosen to include human 

checkpoints in their production line. According to the interviewee, companies should not just 

implement the drivers of industry 4.0 “... for the heck of it.” LF1 mentions that a couple of 

steps have to be analyzed in order to find out whether industry 4.0 is a good match for the 

company or not. “First analyze the benefits you can gain as a company and once you 

understand the benefits then it is good to implement the drivers. Do not just automate because 

you want to, or you feel like it is necessary because everyone around you does it too. It should 

actually be done when you have many steps in your process which cannot be done by persons 

… but I am not a supporter of automation just for the heck of it.” This indicates that our sample 

firm still has plenty of steps in which human interaction is needed, however according to LF1 

there is another reason the company has not started changing the production lines yet; “it is 

very difficult to change an existing production line.” But also, a best practice example, which 

is in line with the aforementioned strategy, explains why the company is not planning to 

implement the drivers of industry 4.0 yet. “... Five years ago, one of our main competitors, and 

main innovator in the industry, launched a platform which made it possible for the end products 

to communicate with each other. At the time, there were a lot of bugs in the system and did not 

function optimally. Soon, our end products will have this platform as well, but according to the 

last tests, this platform works better than it did when our competitors used it. So here it pays 

off to not be the first, but the best.” This is a good example of the priorities LF1 has and the 

stance it takes towards industry 4.0. This is also in line with the tone of the interviewee. Industry 

4.0 can definitely bring benefits, however, LF1 still can produce the best product without 

implementing those drivers. However, according to LF1 its stance towards industry 4.0, and 

the position as not being an innovator or smart follower, cannot directly be accounted to the 

size of the company. Even though LF1 feels that the size of the company impacts the flexibility 

of the decision-making progress, the decision making itself goes fast. Furthermore, it also 

seems to be a conscious choice of LF1 to be not among the innovators or smart followers “...we 

do make quick decisions, but not to be technologically ahead of the market… . We do have to 

be in line with the market, since the conjecture of the market is very sensitive.” On the other 

hand, LF1 does not let its decisions towards industry 4.0 guide by the competitors and their 

situation, since LF1 clearly does not show any interest towards their developments. The 

interviewee indicated that he has never visited a competitor and when being asked about the 

availability of information on industry 4.0 developments at their competitors LF1 answered; 

“Probably (i.e. information is probably available), but not relevant for me.” 

 

It becomes clear that LF1, however not industry 4.0 related, goes through physical changes that 

are needed in order to stay competitive. For our research it is of course of utter importance to 

understand if, and potentially how, those changes have an influence on the business model. 

When presenting the three segments that we are investigating, it becomes clear from the 

answers that the segments are not purposely changed, but that the changes rather are a result of 

the changing environment itself. Concerning changes in the profit formula, LF1 gave a concise 

and direct answer: “Profit formula will not be changed by us!” It appears that the prices in 

their branch of industry are being defined by the market. However, this does not mean that LF1 

is not trying to produce a cheaper product. According to LF1 this is an ongoing process and 

falls under the term “continuous improvement”. “We do this (e.g. producing cheaper) by 

continuously improving. Industry 4.0 on its turn is part of continuous improvement. We don’t 

say; “let’s change the business model all of a sudden””.  
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The second segment that is being presented to LF1 is “key resources”. After providing a short 

introduction to make clear what key resources we were asking for, there was a clear-cut answer 

on one of the sub-segments. “Definitely in people there have been big changes.” When being 

asked what kind of changes LF1 is talking about and what kind of influences they have on the 

company, LF1 explains that the changes in the people sub-segment are mostly felt by other 

people as well. This seems to be a paradox, but LF1 explains clearly that this change is caused 

by the shift from technology to IT. “What you see in our company is that we are an old 

company, very traditional, so we are very good in technology. We are driven by technology; 

however, this makes it difficult for people to understand the IT side of it. Even the management 

has problems with this. … not all people can handle these changes.”  

The shift from technology to IT is also related to the changes in resources that LF1 talks about. 

This also shows in the ways how a team is being led and the shift in expertise within teams. 

Whereas engineers are still very important, “... the expertise of these engineers is more in the 

IT area now.”  

 

Without knowing it, the interviewee already gave an example of one of the key processes, IT, 

in our research that has changed as well. However, considering his explanation on the shift 

from technology, and the difficulties this gives to people, it seems that this change comes from 

a changing environment instead of directly coming from a change in the business model. When 

being asked about other changes in the key processes, LF1 is able to provide an elaborate 

example on how the process in R&D, his division within the company, has changed. The 

changes, which LF1 refers to as a small trend, can be seen in the way how different departments 

within the company work together whenever certain decisions have to be made. He provides 

an example surrounding the availability of sensors in the production process of a product. “If 

these sensors can be considered as an added value in the factory, how can we develop our 

product while using this technology.” Instead of providing the product developers with orders 

on how a product should be developed, there is interdepartmental communication where the 

developers are being presented with the possibilities. “... we ask the developers what these 

sensors can measure and how these sensors can be used in a way to make it beneficial. Finally, 

the developers are being asked to develop something which is in line with these possibilities.” 

Since LF1 labeled this as a trend, it seems that this is a different way of working compared to 

before the sensors were available. Again, this indicates that the technological developments 

lead the way of working rather than a conscious change in business model. 

 

Even though industry 4.0, as a definition, and its drivers are not being implemented in the 

factories itself, the company seems to be undergoing a wide spectrum of changes. Eventually 

a possible future step towards industry 4.0, needs support from all layers of the workforce in 

order to succeed. As mentioned above, the company involves the factory workers in the process 

and looks for a bottom-up approach in which mutual benefits are being sought. This does not 

mean that the transition does not face resistance. First of all, LF1 already mentioned that not 

everyone, not even the management, is able to understand and handle the shift from technology 

to IT.  This lack of understanding creates a certain mindset among people. “Well, we usually 

see that whenever something is new, it is difficult for people to see the benefits of that particular 

thing.” LF1 furthermore explains that there are always people that want to keep it as is. “People 

naturally possess the way of thinking; “why would we change something if it goes well like 

this”. I notice that some people do not care if something fails in the beginning, so they can say; 

“Yeah I told you so.”” It seems to be a difficult task to align this thought process when there 

are people from all layers in the company who are not willing to commit to the changes. Finally, 

there is another group of employees, the ones who will not work with the changes for a long 

time or maybe not even at all, who are also difficult to get on board to commit to changes.  
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Finally, the interviewee is being asked what the future way of working, within a timeframe of 

5-10 years, within LF1 will look like. Again, LF1 provided a concise answer; “Then we 

definitely have not fully implemented industry 4.0. Definitely not. I think in about 20 years it is 

going to slowly roll out at our company.” LF1 gives his opinion on industry 4.0 by claiming 

that he thinks it is a vague definition, however he thinks that it is a good thing that there is a 

definition that entails all drivers. He ends strongly by saying “If a company its sole goal is to 

implement Industry 4.0, then the company will not work.” 

 

The position of LF1 can best concluded by saying that the industry in general is slowly 

beginning to implement drivers of industry 4.0, where LF1 might be a bit behind on that. LF1 

is aware of industry 4.0 but does not have concrete plans to implement anything. This is because 

they are not concerned with being the first since providing the customers with a good product 

is more important. However, the available knowledge is being used in order to, in the future, 

optimize the products. 

 

4.2 LF2 

Even before the first question is answered completely, LF2 and the interviewers already have 

an interesting discussion. LF2, a family company that has been around for nearly 70 years, is 

well informed on industry 4.0 and indicated that, to them, it is known under the definition of 

“smart industry” and that LF2 is actively participating in that area. Last February, on a 

nationwide conference regarding smart industry, the CEO of LF2 gave a lecture on how the 

company uses smart industry in order to be better than its competitors. However, LF2 states 

that industry 4.0 and smart industry are not really definitions that they consider as the backbone 

of their operations. “We see industry 4.0 and smart industry as big terms that include many 

things. For us smart industry already started when the company was founded, because smart 

industry, in our eyes, simply means being smarter than your competitor.” LF2 states 

furthermore that the company always tries to implement the latest technologies that on their 

turn can serve as tools in order to reach its strategy. Besides that, the companies live by the 

motto that numbers tell the tale, meaning that they want to know exactly what it costs to make 

their products and they use this knowledge to their advantage.  

 

From further statements in the interview it becomes apparent that LF2 definitely lives by its 

strategy and that, simply said, being smarter than their competitors is one way to achieve this 

strategy. “Our main strategy is to keep the manufacturing industry within Western Europe (no 

outsourcing/relocating) and we think we can be competitive with low-wage countries by 

digitizing and automating the production process to the fullest extent.” LF2 continues to 

explain that this way of working is applicable for all daughter companies within the 

organization as well. The interviewee is also aware of the debate that implementing drivers of 

industry 4.0 will cause a decline in workforce, however LF2 immediately denies that statement 

by saying that, at this point, “...robots are nowhere without humans in the same way that 

humans benefit from the existence of robots and together they achieve synergy; 1+1 = 3.” LF2 

continues to explain one of the several best-practice examples the company can provide 

surrounding the changing manufacturing environment. LF2 sketches a situation that gives an 

insight in how a smarter industry does not take away jobs, but mostly creates jobs. In their most 

automated plant the increasing robotization created, over a time-span of just 6 years, 5500 jobs. 

This is just one of the many factories that falls under the umbrella of LF2 and a real-life 

example that LF2 looks for opportunities to create synergy. Even though in this factory no jobs 
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got lost, LF2 explains the company goes by the motto “if, and it will happen, jobs disappear 

due to the automation, it will also create jobs in another area.” Once again stating the position 

LF2 takes in regard to industry 4.0 and its drivers. 

 

The above-mentioned factory is not the only factory in which drivers of industry 4.0 are being 

used to make the factory smarter. In other divisions Cyber Physical Systems and robotics are 

also used to optimize the production process. “Robots and humans work together in a highly 

automated process in which we seek for a combination on how state of the art machines can 

work together with our employees.” Again, the robots do the heavy lifting, or do work that they 

can do better than humans. An example of how LF2 uses data, and let numbers tell the tale, 

comes from a factory in which robots restock the robots. “[The Robots] communicate in such 

a way that the robots are being supplied with exactly the amount of “goods” they need based 

on their stock level.” Furthermore, LF2 explains that the high-precision work done by the 

robots also offers opportunities that open new doors to serve “... a wider spectrum of 

customers.” 

 

LF2 says that, where in industry 3.0 the automation gave the opportunity to mass produce, 

implementing drivers of industry 4.0 gives companies the opportunities to produce customized 

products. This is also applicable to the aforementioned best practice example, despite the mass 

production of the product every product is being produced according to the wishes of the 

customer. However, not only the output changes. Where the ability to produce customized 

products is a huge benefit for the company, there is also another side of the earlier mentioned 

synergy; the side of employees. This side is the shift in work tasks it brings to its manufacturing 

employees. LF2 explains this as follows “the repeating/heavy jobs will disappear and that is 

beneficial for the employees.” In practice this means that the robots do the heavy work early 

on in the production process however “... the more detailed the work gets, and  the components 

smaller, human interaction is present, and people keep a close eye on what the machines are 

doing.” This thought seems to be present in all layers of the company and LF2 is able to spread 

the message to make their plans clear. When LF2 acquired a smaller company and 

communicated their plans to make the factory smarter clear, the factory workers were asked 

what they thought about these changes. Despite the fact that the plans were only communicated 

an hour before, the workers already understood that the plans were only there to improve the 

working conditions of the employees. One of the employees responded that he was happy with 

the changes because “... I don’t have to do the heavy manual labor anymore.” LF2 was relieved 

by the statement of this employee, since this is perfectly in line with the situation of synergy 

there are aiming to create and the philosophy “... that [LF2 feels] the employees are going to 

be happier and healthier because of the disappearance of the heavy work.” 

 

Even though it is obvious that LF2 is going through changes towards industry 4.0, it seems that 

they are not facing any resistance from their workforce. The communication of the message 

and the reason for the changes in order portray the benefits from the synergy that LF2 has 

talked about appears to be a good strategy to commit the workforce to the changes. When being 

asked about further resistance or difficulties within the company while transitioning to smarter 

factories LF2 replied “... I cannot remember difficulties that came across. When there are 

problems, I talk about production problems now, we try to solve them as fast and adequately 

as possible.” The alignment within the company is admirable and therefore gives us reason to 

believe that LF2 can provide solid advice for companies that want to make steps towards 

industry 4.0. When being asked for those points of attention, the desired synergy when making 

decisions within LF2 again became clear. “I would always look for the balance between your 

employees and smart opportunities in your production process. And how those variables can 
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support and strengthen each other.” LF2 furthermore explains that within their country of 

origin, they are blessed with highly educated and hardworking employees which gives them a 

strong position to stand out from the rest of world and make them achieve their aforementioned 

strategy. However, on top of that, the fact that LF2 is a third-generation family company gives 

them reason to put in effort and make decisions that make it possible to proudly carry on the 

legacy. “Look, it might sound interesting, wage wise, to send all employees home and replace 

them by machines, however that is short term thinking. For us, as a family company, the long-

term vision and continuity of the company comes at the first place and a combination between 

those two will eventually create a strong foundation.” 

 

When diving deeper into the strategy of the company, it becomes clear that LF2 has been 

having their strategy, keeping the manufacturing industry in Western Europe, for years and, 

and as already mentioned, that they have been trying to be smarter than their competitors from 

the moment the company was founded. This also means that they have incrementally 

transitioned into the situation in which they are today. Technological developments, on their 

turn, have not changed any of their viewpoints. “We have had this strategy for years and this 

will always remain our strategy. Industry 4.0 is of course something from the past decennia 

since we have come further as human beings and eventually we can use these tools to stay 

ahead of competition from the low-wage countries.” When being asked about their, allegedly 

strong, financial position as a large firm, LF2 quickly answers by stating a fact which is 

overlooked by many people “But don’t forget that wages account for 70-75% of our total costs, 

those wages have to be paid as well.” The weight of their expenses on wages also does not 

seem to decline considering the earlier statement that the automation only creates more jobs 

instead of decreasing the availability of work. Lowering the expenses on wages can therefore 

not be counted as their perceived benefit of industry 4.0, however according to LF2 this is not 

their goal. LF2 even states that the opposite of this is, in their eyes, the main benefit of industry 

4.0. “For us, [the main benefit] really is the possibility to keep our business and therefore 

employment within Western Europe. And that is the biggest advantage for us, since we feel 

responsible for our employees and their families and we want to provide them with work.” LF2 

explains further “we have had subsidiaries that were not profitable to us, which of course isn’t 

desirable. However, we do live by the responsibility we have to our employees.” Instead of 

closing the factories LF2 looks for internal solutions to help out the subsidiaries in need of aid. 

LF2 agreed that this is of course a benefit a large firm has as opposed to a smaller firm that 

might only even have one factory and therefore cannot rely on the funds of other subsidiaries 

within the organization. LF2 closes strongly by stating “closing the factory in need is, 

economically seen, an easier solution, but not according to our strategy. Of course, that is one 

of our strengths as a bigger, more resourceful company, but we also see it as our duty and take 

advantage of our position.” 

 

LF2 also sees that relationship with their customers has changed in various ways. On one hand, 

customers demand that LF2 produces locally, as a result, LF2 needed to open factories in Asian 

countries. “Logistically seen it would be expensive and illogical to make something in Europe 

and then ship it to an Asian customer. Besides that, customers also want to have some sort 

control over the production process… “ This seems to be contradictory to the statement to keep 

the manufacturing process in Western Europe, however the purpose of the factories outside 

Western Europe is not to reduce costs, but to prevent the company from losing customers “... 

the reason these factories exist are not to lower our cost, but to serve the customers’ need and 

as a result (i.e. keeping a good relationship with a customer) improve our position and 

therefore job availability in Western Europe.” This type of changing relationship can be 

accounted to the rising globalization. However, industry 4.0 and, as a result, the smarter 
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factories also have a direct impact on the relationship with customers. Again, LF2 provides a 

best practice example in how the position towards customers, and in the entire supply chain, 

has changed. “You see that our role towards our customers became different and we skipped 

one step closer towards the customer.” In one of their divisions, until not to so long ago, it was 

common to only sell a single unit to a customer at a time. However, “... currently we provide 

complete solutions. We look together with the experts of [our customers] to see how they can 

use the product the best according to the characteristics of these products.” Furthermore, LF2 

explains how they collaborate with another supplier by providing accessories to their end 

product that are being sold together with the end product as well. On a third occasion LF2 even 

provides the electricity which is needed for their product to operate. “And that’s how our 

position changed from being solely the hardware supplier to being a provider of complete 

solutions.” This trend seems to be expanding rapidly as in 2016 LF2 noted a European sales 

record of that specific product where in 2018 LF2 broke its own record by almost doubling the 

number of units sold.  

 

LF2 states that this changing role in the supply chain was leading for LF2 to broaden its 

business model. “The business model expanded due to the current possibilities…” The rising 

environmental issues, in which LF2 uses its knowledge in “electrification” in order to answer 

the increasing demand in that market, can be accounted to one of these possibilities. The 

changing position in the value chain and therefore changing relationship with their network can 

be seen as a shift in the business model due to the opportunities brought by industry 4.0. 

Furthermore, LF2 has also observed a shift in the allocation of people and the use of technology 

and equipment as well. These changes, that have been discussed earlier in the interview, are a 

result of the smarter industry. On top of that LF2 also states that is has becomes increasingly 

important to portray the brand the outside world. “We are originally a B2B organization. And 

I think it is very old fashioned to have the thought that we do not have to display ourselves 

online.” By using modern day platform such as LinkedIn, Facebook, and Twitter, LF2 aims to 

make its brand more attractive for potential employees and potential suppliers. “That definitely 

has changed within the past two years once we saw the urgency of it.” Concerning the business 

model segment “key processes”, LF2 sees an increasing importance in R&D, this is accounted 

to rapid changes within the manufacturing environment and therefore sees this as a necessity 

in order to stay competitive and achieve the strategy. “Within our company we are number 11 

on the list of company that spends most on R&D and the first family company on that list as 

well”. The profit formula of the business model will, other than a shift in expenses, not see any 

shocking changes. Whereas LF2 mentions that the costs of product might go down, industry 

4.0 also brings along other costs. “The costs have only been growing. This can be accounted 

to the growth of the company. In two years we hired more than 2500 people, and this bears a 

lot of costs…. Become smart is not linked to a lower amount of costs.” Another increase in 

costs can be accounted to the increasing investments in its factories, and as mentioned before, 

R&D. 

 

Finally, LF2 was asked to shine his light on the future way of working and how he thinks that 

will change. “When looking at the current speed of development, I believe that the industry 

keeps on developing around Industry 4.0. I think Artificial Intelligence and data are going to 

develop in the same speed, which is something that we as a company have to find our place in 

as well.” LF2 states that he thinks data is going to be gathered from a wide variety of sources, 

for example from sources next to a highway that track and all the passing cars and extract data 

accordingly. “Of course, the privacy or ownership rights of that data is a different problem, 

but data in general is going to be increasingly important.” Artificial Intelligence on its turn 

will help machines and factories to become even smarter and as a result serve as an opportunity 
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for LF2 to use industry 4.0 to achieve their strategy and take possession of their holy grail; 

keeping the manufacturing industry in Western Europe. 

4.3 LF3 

Before the interview started, we were aware of the situation LF3 is in. As part of a 

multinational, this factory belongs to one of the most automated factories within its industry in 

Europe and the ambitions of LF3 also became known early on in the interview. “... we have a 

vision between 2015-2025, which is dedicated to making our entire factory industry 4.0 proof.” 

According to LF3, “all drivers of industry 4.0 have in common that they are all data and that 

data is going to be smarter and because of that data we can make everything that hangs around 

industry 4.0 smarter again.” Furthermore, as an end result, industry 4.0 will cause us to live in 

a society where everything is interconnected, and we will see a shift in the way goods are being 

produced. “Actually, the key driver in that is that we can, instead of having, as we see right 

now, global mass consumption, we can scale down to more local and customized production 

which will be better for the world.” However, having everything evolving around data does 

not only bring a smarter, interconnected world. At the moment the interview was conducted, 

the scandal in which Facebook sold data of millions of their users to third party, and the 

following debate, was the talk of the town. The dangers of the availability of data, and the 

ignorance most people have around data, became clear during this scandal. LF3 acknowledges 

data and privacy rights can cause problems in the future, however  the problems will not be the 

same as in the Facebook scandal, which according to LF3 cannot be mentioned under in 

industry 4.0. The problems LF3 will be facing are regarding intellectual property “... since 

everything is going to be logged and saved somewhere, if that becomes publicly available 

through a leak/hack then a company will face other problems. The reason our company exists 

for so long, can survive, and is better than its competitors is because of the fact that for 100 

years we have been hiring smart people to steer, create, develop, and invent processes that 

keep the company alive and give us a competitive advantage. For example [our product] is 

such a complex [product] that it cannot be duplicated. If all of our company secrets become 

publicly available, we will have a problem.” 

 

Furthermore, LF3 explains that another possible danger, and therefore a point of attention to 

other companies, lies in the reliability on other parties. This counts for both the collaboration 

with third parties, that get an insight behind your scenes, and fact that, in the most desirable 

situation, the entire supply chain is going to be connected and linked to each other. “So, for a 

sequence of all steps you are taking in a certain process, you have to be sure that they are 

being taken 100% correctly.” The consequences of making a mistake early on in the sequence 

can be big. The so-called bullwhip effect will be applicable in that situation “The earlier in the 

chain something goes wrong, the bigger the impact is at the end.” According to LF3, multiple 

measures are being taken in order to tackle these problems. The first measure, a safety net in 

case machine failures occur, is the availability of backups of their old machines. However, 

before the new systems are being implemented, LF3 always runs pilots to minimize and assess 

the risks in a proper way. The second measure, which is more a prevention measure, is the 

allocation of its employees. “People in an operational environment are currently, and for the 

coming years, still good for doing everything a machine cannot do.” In the production process, 

LF3 still keeps points of human interaction for a variety of reasons. “Either a machine cannot 

do it, smell/taste etc., or things in which machines fail and therefore need to be 

steered/controlled.” But also, when all the drivers of industry 4.0 are fully implemented and 

the production line is fully up and running, LF3 still sees the importance of humans in the 
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process and “... most important people are going to be the ones that create and control the 

process from A-Z.”  

 

The aforementioned 2015-2025 vision goes in four phases. Besides the fact that these phases 

explain what changes the factory is going through, they also indicate why LF3 cannot work 

without people in the near future. Since LF3 “In phase 1, we link all the control systems to 

each other, so they can communicate with each other and eventually everything can be 

measured, and data can be saved. In phase 2, we make everything real time visible for the 

employees on a dashboard,  install/train the machines, training the people etc. Phase 3,  we 

validate everything, since far from everything is correct the first time you are doing it.” LF3 

indicates that these steps take so much effort that they impossibly can be executed without the 

help of their workforce. Not just the employees within their factory, but also, for example, 

experts in programming, and consulting. “After phase 3 comes Industry 4.0 and making your 

factory smart. Based on data you can go towards zero waste, real life monitoring, predictive 

maintenance. Based on data everything can be controlled. So, it is going to take a lot of effort 

to do this and therefore we need a lot of people.” 

 

However, LF3 is aware of the general perception that automation is taking away jobs. Based 

on his earlier statement, we can already conclude that he does not agree with that. “... [in my 

country of origin], we have a shortage of 500.000 people in the area of automation and IT...” 

he continues. “... Mostly the work that no one wants to do, for example heaving lifting, is being 

taken away. Work is not going to be physical anymore, it is going to consist of things machines 

cannot do. Create strategies, smell/taste etc.” This statement is in line with the views of LF1 

and LF2 and therefore that seems to be the common perception of people who have insights in 

the industry. On top of that, LF3 mentions that is going to take years before robots can perform 

those kinds of tasks and therefore people are safe.  

 

Still, LF3 mentions that getting everyone on the page as one of the biggest challenges they are 

facing during the project, however different constraints had to be tackled throughout different 

life cycles of the project. “In the beginning, while sketching and designing the operation, it 

was most difficult to get all the IT guys on board and explain them what I was expecting from 

them.” After that first hurdle, the production lines itself turned out to be demanding more 

attention than thought in the first place. He explains that not all production lines were the same 

and, instead of creating one program for all lines, all lines required specific attention and it 

turns out to be  a situation of continuous improvement early on in the project. “... you find out 

that there are different machines from different manufacturers in other production lines or that 

the line doesn’t work. Eventually things have to be adjusted and brought. And so on and so 

on.” The final constraint came from the management who, of course, thought that project “... 

did not go fast enough” and “... should not be that hard.” LF3 accounts this to the fact that IT 

and data are still a “... scary & unknown topic” and “... a grey area.” This turns out to be not 

only the case for people that are unexperienced in the field, but according to LF3 happens in 

all, even the top, layers of the organization. LF3 explains that since not everyone understands 

the possibilities of the system, it is hard to get everyone on board. He explains that most people 

look at it from the wrong angle. “People without the knowledge might consider that machines 

operate as a Microsoft word, or a Microsoft excel, where you just download it and then it 

works. But since it is tailor made, that is not the case.” As a result, LF3 continues “[people] 

think they do something wrong when the desired outcomes do not immediately show. They think 

that a program does everything correct the first time.” Getting everyone on board is the 

challenge for LF3 and he sees that this transition goes incrementally, even though he of course 

would like this transition to go faster and he expects that landing the project and perfecting the 



 

49 

 

system is going to take as much time as the roll out of the project. The design and roll out of 

the project lasted a total of 1.5 year, in which LF3 has seen some radical changes in the factory. 

“When comparing our situation to other factories, or to a year ago. We made a huge leap. 

From literally manually using excel to now having everything steered by data.” This makes it 

once again clear that a project does not stop at the implementation of the system and that there 

are other time-consuming activities that have to be taken into consideration. 

 

When being asked if the earlier mentioned benefits of industry 4.0 (i.e. real time monitoring, 

predictive maintenance, and zero waste) were the only reason LF3 is implementing the drivers 

of industry 4.0, LF3 explained that there was more behind it than just those three benefits. “We 

mostly do it for our mission and vision. We want to be “climate neutral.”” LF3 followed up 

on that statement by explaining that the company looks at industry 4.0 as one of the most 

important tools to achieve its corporate strategy, however it is not the only tool. LF3 elaborates 

that they use another program, together with industry 4.0, that focuses on the continuous 

improvement of the production lines. “Of course, there are the persons who are on the work 

floor to check the production line and solve failures whenever they occur. But what we also do, 

is that we improve the entire production line while producing everything …  Standardization 

according to this program will eventually cause for deficiencies to be spotted more easily. LF3 

then explains that industry 4.0 is not just a tool that helps specific factories to become smarter, 

but it is a tool that can help the entire company. The desire to be climate neutral has already 

been mentioned, however in “SMART” terms LF3 explains it as follows; “Within a period of 

5 years this vision/strategy involves that our company wants to double its business while being 

climate neutral and by halving its ecological footprint.” This indicates why LF3 thinks that 

industry 4.0 should not serve for merely a factory, but for the entire company. However, it is 

also in line with the company its aim of going from mass-production to locally produced 

products again. “Data is going to play a huge role in steering these projects. ... So, on a bigger 

scale Industry 4.0 also helps the company to be more efficient and reach our mission.” 

 

When being asked if industry 4.0 caused changes in the business model, LF3 indicates that 

industry 4.0 itself is not a driver to change business models. As an answer to the question what 

the place of industry 4.0 is in relation to the business model, LF3 answers “There is a vision 

and a strategy, which are being leading in business model creation, those are being drawn in 

imagines, and industry 4.0 is more of an oil stain that connects with our other programs.” On 

top of that LF3 states that the business model has not consciously been changed, but “of course 

changes have been made in order to make everything work.” LF3 explains that the profit 

formula definitely has not changed and that in the current situation there are mostly costs, as 

opposed to financial benefits, involved. The biggest change that has occurred, can be found in 

the key processes. In order to make the project work, LF3 admits that they have invested 

heavily in a new IT network.  

“We had to invest a lot in our IT park, so it could handle the demand of the new settings of the 

factory.” Changes in relationship with its suppliers and customers can according to LF3 not be 

accounted to industry 4.0, but to a change in the importance of data. “[Changes occur] because 

of, for example, the Just in Time delivery and an interface on how much raw material you need 

to keep the company running the next 8 hours. These changes are involved with data, but not 

with industry 4.0.” Again, we see that industry 4.0 itself does not cause any changes in the 

business model, but that the changing environment is leading in this. 

 

However, despite its strong beliefs in industry 4.0, LF3 does not think industry 4.0 is suited for 

all companies and it is not the biggest challenge for other companies either. “The biggest 

challenge is going to be IT and automation itself and afterwards industry 4.0 might follow.” 
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According to LF3, other challenges, especially for SMEs, will occur after the optimization 

around IT and automation. LF3 states that resources, both the allocation and availability, are 

going to be a challenge for SMEs. On top of that, not all companies and industries need a tool 

such as industry 4.0. “Eventually, everything is going to be steered by data, and automation is 

going to be important. Same goes for cloud computing and we are going to manufacture more 

in demand. However, hospitals, government etc. do not need Industry 4.0, yet.”  

 

Finally, we confronted LF3 with its theoretical inflexibility towards technological changes as 

a large firm and if he saw his own company as an exception on the rule. LF3 explained how he 

did not consider industry 4.0 as a solely technological development but assigned the changes 

in LF3 to an important change in the market in general. “ … we are currently in the biggest 

period of disruption ever. Multinationals have to change as well. Look at IBM, Microsoft. 

Companies that have been known for their data storage solutions for years, now all of a sudden, 

due to cloud computing, have to do something completely differently.  Same goes for the shell, 

the market leader in oil for 100 of years, now all of a sudden having to look for sustainable 

solutions. We have to answer to the same changes in our industry and therefore we are 

adapting as well.” 

 

4.4 LF4 

LF4 states that for them the meaning of industry 4.0, at its core, is automation. Their vision is 

to achieve a state in which facilities run themselves, by having automatic systems that require 

as few people as possible. Furthermore, LF4 expresses that, even though they are working 

towards this area, they are quite far away from their vision. One of the reasons for that is that 

the project has not existed for a long time, “... we have been approaching the idea of industry 

4.0 for one year now. So, we have not had too much time looking into it.” Another factor why 

LF4 has not received its vision, is because of the fact that the resources that are being assigned 

to the development are still limited, for instance the human capital “... small group of people, 

right now five. A couple of months ago we were only three.” The project is currently running 

as a pilot from which the result will be evaluated. Thereby, the implementation of industry 4.0 

occurs on an incremental level. “Trying to provide small results to present to the management. 

And show that we can reach bigger results, by promote radical change later.” LF4 expresses 

that one of the things they are working with is robotics. They do this by using drones for 

confined spaces and big data in order to manage energy consumption efficiency or scheduled 

maintenance. LF4 does elaborate that management is not against the idea, they are interested 

and committed but they are also occupied with their current work, which effects the time they 

can, and want to, allocate to evaluating new projects, “like the idea, but they do not have time 

to allocate resources to new projects. They want to focus on their job, and do not want to lose 

time on long-term projects and changes… so, the same people that support the idea, do not, on 

the other side, support it, because they do not have time.” LF4 also explains the firm its business 

position. He is working in one business units in a large organization. “I am working in one of 

these business units. The other ones are a little bit different, but they are also a bit behind. We 

are the only one that has the industry 4.0 team. But we have really standardized products, so 

it is difficult to customize a lot. We are one part of the supply chain that offers one simple 

product that will be integrated into a final product.” 

 

We continue the interview by discussing what factors initially moved them towards the 

development of automation. LF4 says that besides seeing the opportunity to increase the 

efficiency of processes, and cutting costs, they also realize that a very large proportion of their 
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workforce is planning to retire within the next five to ten years and saw this as a way to preserve 

the knowledge of the people that are leaving. Furthermore, LF4 as recognized that it is getting 

harder to attract people that want to work night shifts, which results in a shortage of people. 

However, LF4 elaborates that it is just not a matter of replacing humans with machines. “What 

we want is knowledgeable people that can leverage the people that are leaving. It’s a mix of 

both.”  LF4 mentions that the initial idea, or vision, did not arise as a response to the movement 

from within the market, or from competitors, but from looking at how retailers used these 

techniques “... they were automating a lot, and I think that the idea was that we could implement 

that into our business.” 

 

When asking if the technical development meets resistance from the current workforce, LF4 

replies that the workforce welcomes these changes and provides a great support. “The range of 

the ages is normally quite high… it looks strange that they accept new technologies… they are 

looking at industry 4.0 as adding capabilities, rather than substituting capabilities. So, it 

simplifies the life also for them, it is not just a matter of replacing their jobs. For example, 

people do not want to be in the confined space, so they prefer if we could reduce that.” The 

participant explains that the workforce does not see is at a threat because of three reasons. First 

of all, as a benefit they are being provided a much more comfortable environment. The second 

thing is that full integration will take time. Finally, a fully automated facility still requires some 

sort of management and maintenance. “ A completely automated plant does not mean that you 

do not need people to control that. It means that you need different capabilities, but [people] 

are not replaced by an automated system.” Further into the interview LF4 says that the 

perspective people have on technologies that replaces a process often is too harsh. Of course, 

it is negative for the person who loses his/her job, but no one is mentioning that someone else 

is gaining one. 

 

LF4 was being asked what challenges they meet when working towards implementation of 

industry 4.0. We touch a bit upon one of the previously mentioned constraints, which is the 

limited time management assigns to the new project. “Resources are fully focused on the day 

by day job, and the people managing those do not want to be burdened with new projects, or 

new stuff to learn… for the operational people, these options are not being evaluated right 

now, so they do not want to lose time on side stuff.” In other words, it is a matter of resources. 

However, these resources are being related to management its limited time. Lf4 elaborates that 

because they are “going through incremental steps, so for the moment capital constraints are 

not an issue, we have enough. The constraints are mainly based on people.” Another challenge 

LF4 encounters in their industry is constraints that slows down further implementation of 

technologies and thereby hinder development. One example that LF4 brings up is that during 

the process of inspecting critical chemicals for corrosion it is not allowed to use digital 

instruments. “Right now, the camera is more precise than the eye of an operator. But it is not 

allowed by law.” LF4 states that “technology is changing. It is normal that you have to change 

safety inspections or any kind of bylaw inspections. I think that we are moving faster than the 

laws in this case.” This results in barriers for further development. 

 

We ask LF4 if he thinks there are any asymmetrical conditions between small and big firms 

that can benefit a small firm its development on the area of industry 4.0. LF4 states that he has 

no experience with working in a small firm so that his answer is his own thought or is being 

retrieved from second hand sources. Furthermore, he expresses that smaller firms often have a 

less complex organizational structure “...to have these technologies implemented and you need 

management support. So, you need someone from operational, or executional, stand point that 

continuously pushes on having new resources, and you need to have support from management. 
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From resources allocations and commitment of resources etcetera. These factors become 

easier on a smaller scale.” However, LF4 believes that flexibility advantage that small firms 

might have over larger firms are only relevant if it is towards a proven technology. If the 

technology is not proven the firms need more resources that go into R&D, which is often 

limited in small operations. Furthermore, LF4 agrees that a loss from a project probably would 

have a higher setback for a small firm. 

 

Moving the interview towards a more strategic and operational subject, LF4 is being asked if 

the company has reevaluated, or changed, its business model in order to implement the idea of 

industry 4.0. He replies that they have previously worked with techniques that shared some 

similarities/aspects with industry 4.0. “We have a sample technique that has cross functions 

between with industry 4.0 and six sigma. So, for this reason it is still the same since they both 

fit into the same concept.” Since LF4 has worked with a similar concept they do not need to 

change its previous model to adjust for new processes. As mentioned in the beginning of the 

interview, LF4 has not fully implemented Industry 4.0 yet. LF4 provides examples on how 

processes might change in the future. “If we can reach the idea of having a completely 

automated plant, then for sure the model will definitely be different. One thing that I can expect 

is that it would lead to that we can have a control center somewhere that controls all the 

plants.” We continue to talk about future development of LF4s profit formula. When being 

asked about future margins and prices, the participant states that it is hard to predict, and 

explains that “it depends on how the market will move.” However, LF4 expects that a full 

automation will change the cost structure 

 

We move the interview towards LF4 his perspective on the future of industry 4.0 in his firm. 

LF4 replies that “right now we are focusing on the internal changes, but I can expect that it 

will provide improvement into the integrated supply chain. Making it easier with transactions 

and communication with both suppliers and customers.” LF4 is approaching it in segments, 

before integrating it in the supply chain, they want the concept to work internally. They expect 

to reach their internal vision of industry 4.0 integration in approximately ten years. “We have 

a staircase that will cover the next three years. We will not arrive at a fully automated plant 

within three years. But at least increase the industry 4.0 presence in our plants … I do not 

expect that we need to wait more than ten years to fulfil our vision.” But LF4 does have the 

intention to extend the usage of the concept over their entire supply chain “... more towards the 

customers, for sure. Because our supply chain is quite interconnected, so I expect there to be 

more change in the downstream of the supply chain.” However, LF4 does state that there are 

some areas he experienced as difficult to innovative by using industry 4.0. One of these  areas 

was the transportation of their products to the customers. “Pipelines continually transport 

chemical to customers, so on that side I do not see huge changes. But maybe on the transactions 

and the volumes, and notifications of the volumes etcetera. That might be something we can 

do.” 

 

We asked if industry 4.0 is regarded as a threat or an opportunity. On this question LF4 jokingly 

replied “as an industry 4.0 project leader, I see it as an opportunity. My job is based on that, 

so I really hope so or else I would get fired.” We followed up by asking if he thought that small 

firms might perceive it as a threat. On this the participant replied that it depended on the 

operation of the firms “I think that in small firms you have more opportunity to increase 

capabilities with industry 4.0. because their production line is usually highly manual. Not 

always, but many are very manual. And there is often room for improvement, and I think that 

operators are a little bit scared about that. So, the more manual the operation, the more 

worried the people should be, but the more opportunities there are.” 



 

53 

 

 

We rounded up the interview by asking LF4 his  thoughts on the future progress of the industry. 

As mentioned occasionally before, LF4 thinks that there will be a shift in the labor market, 

where simpler vacancies will be replaced by more technical ones. “People with the skills of 

technology will be needed to a larger extent, rather than non-skilled people. So, the job where 

you learn a simple task is not possible in the future.” LF4 also believes that industry 4.0 is 

something that will be integrated in almost all firms, with a few exceptions among the small 

firms. “I don’t think that everybody will have to implement it. But 99% should. Or maybe 95%, 

it depends on what kind of operations you have. In 95% of the times I am pretty sure that you 

can improve your operation … for big companies 100% and for small companies 90%. 

Sometimes the expenses might be too high to make an improvement in your operation, so maybe 

you will have to wait for technology to be common technology, something proven and on the 

shelf to be purchased.” With that final statement, LF4 suggests that one of the reasons that the 

rate will be higher among large firms is that they have a higher pressure to adapt in order to 

stay competitive. 

 

4.5 SME1 

We start the interview by asking if, and if so, how SME1 came across the concept of industry 

4.0. SME1 replies that they knew about it but that it was a topic for the future “... I have never 

in my life seen a company that has already introduced this system.” SME1 explains that they 

knew of firms that have implemented it partly, but never the concept as a whole. 

 

We further talk about SME1 its current production line and what kind of technological state it 

is in. SME1 mentions that they have recently invested in new technology that is decreasing the 

need for manual labor. However, SME1 states that the production line does not manage to 

operate on its own and still needs people overseeing and providing some manual labor on all 

stations. “Our manufacturing line is semi-automatic, for each station you need at least one 

person to be present, for me it is a machine that you provide materials and a full product comes 

out.” Furthermore, the interviewee explains that they still have a large proportion of manual 

stations present “... after our semi-automatic line every is done manual, we are working 

manually as before.” The interviewee describes the process as heavy and dirty for the 

employees. On top of that, SME1 explains that the processes that takes place in the semi-

automatic line, until a couple of years ago, used to be manual. It was then, when SME1  invested 

in a device that via a program cuts out, and shapes, the product to ensure that it fits the needs 

of current project orders. That station is fed by an automatic transportation line. We continue 

to talk about whether or not this investment was hard to implement into the factory. SME1 

responds that it was not challenging for the factory itself, the business continued as usual. The 

mother firm faced most of the challenges, as the engineers there had to create programs and 

systems to include these new resources “not that hard for us as a manufacturer per se. But our 

engineers face the challenges to adapt the programs to work…” SME1 also notes that the entire 

organization had no experience in these kinds of technologies. To the question whether this 

investment has affected the strategic orientation of the factory, the participants responds; “no 

different strategy, only the way we manufacture is different. The business in done by the 

[mother firm], they are the link, we are only following orders and manufacturing the products 

as ordered.” The production entity of the organization is therefore a separate unit in the 

corporation but embedded into the value chain of the operation.  

 



 

54 

 

At this point it was clear that SME1 does not see itself as invested in industry 4.0 neither that 

it is a thing that is present in their industry at the moment. We follow up by asking if they think 

that industry 4.0 can be implemented partly, and step by step, as the techniques become more 

common. SME1 responds by stating that they are not sure if a fully automated production is 

possible for them. SME1 argues that for it to be possible you need a very standardized product 

that easily can be mass produced, SME1 says: “We produce elements for walls, and all orders 

are unique and custom ordered. The orders differ in size, architecture, and components and 

we have a hard time to imagine that this could be efficiently done by machines only.” SME1 

provides a hypothetical example that these technical systems might be easier to implement in 

the automotive industry, since they have a product that can be mass produced and thereby have 

a production line that is more streamlined and does not need a person that oversees all of the 

processes in the production. 

 

We continue the interview by talking about potential challenges or constraints that might be 

present in an attempt to implement industry 4.0. SME1 starts by expressing a doubt whether 

the technical transition is even possible in their industry or not. The first point SME1 

emphasizes is the complexity of their products. As mentioned before, SME1 expresses that all 

of their orders are custom designed and that they feel that the technology is not there right now. 

The complexity of the production also partly stems from the variety of markets the firm 

produces for. In the construction industry, different markets apply different standard measures 

, “size and placement of openings differ, the components differ, and the reinforcements are laid 

out differently. They also differ in what material is used in what market… market might start 

to use the same standards, that would be a step that might bring us close.” The second barrier 

SME1 mentions is the challenge to attract, and motivate, funding for investments of this 

technical nature. SME1 think that a technical investment of this nature is currently too 

expensive to be justifiable. SME1 states that “I think that it would be very expensive. So, I don’t 

think that it would make much sense.. You will need investors, and they will probably want to 

see profit within five years. If it can’t achieve that it doesn’t make any sense in my point of 

view.” Furthermore, another cost SME1 takes in mind is the challenge to find skillful people 

willing to work for a reasonable price. 

 

We then ask if SME1 thinks whether or not the techniques of industry 4.0 will bring benefits 

to firms that successfully implement them. SME1 expects both an increase in performance, as 

well as mitigation of the negative sides of manual labor. “It replaces hard work, that was done 

manually, with machines and machines are working more precisely and more accurate. 

Furthermore, [machines] are not becoming ill, they do not require vacation, nor they ask for 

an increase in wages.” So, machines are more reliable, and more efficient, but it is also a way 

to relieve the workers of  heavy tasks. Furthermore, even though SME1 expresses a cost 

concern of implementing industry 4.0, he also mentions that the future might consist of 

different conditions, “... that is a question for the future, wages are going up and cost for 

automation down. So, by then it might be suitable possibility.” By this SME1 means that there 

might be a turning point soon where the benefits would outweigh the costs. After mentioning 

this, SME1 mentions it is clear that he is more positive towards that industry 4.0 will keep on 

developing in the industry. One of the final questions we ask was if SME1 pursues industry 4.0 

as a potential threat or an opportunity, SME1 responds that it definitely is an opportunity, this 

is based on the benefits he mentioned previously. 

 

Even though SME1 doubts whether or not industry 4.0 currently is a plausible option for them 

“I highly doubt that it will be possible within our industry for the next five years. Further than 

that I can’t say” he expects the industry to move towards adapting more of these techniques 
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over time as they become more common. SME1 did however, express a general positive 

attitude towards further development in the area of automation. 

4.6 SME2 

We started the interview by asking what the concept industry 4.0 consists of according to 

SME2. The interviewee answers that it concerns the ability to adapt your production to meet 

the needs of the customers, in a more resource efficient way, for instance that “... smart 

factories that make specialized products for customers.” The firm received notion of the 

concept from their suppliers that once made a presentation on the topic. We also know that the 

firm participated in a program regarding industry 4.0, this program is being funded by the EU 

and has participants all over the world. 

 

We follow up on the previous question by asking if the participant interpret industry 4.0 as 

something positive. He replies that the effect depends on the environment of the industry, for 

instance “some industries have smaller response time.” The participant follows up with 

answers that where more firm-specific instead of an industrial generalization, such as “... 

improves production processes, and in turn reduce the cost of production as you can produce 

more which often results in economies of scale, especially in automated production” as well as 

a broader more national effect that it provides “... wealth of a population, as it provides a 

smarter and more efficient use of resources.” The participant says that industry 4.0 certainly 

improves the efficiency of a firm its production and communication, but that it also has a 

positive impact on the society as a whole. We circle around and ask if SME2 thinks that firms 

that successfully implemented industry possess an advantage towards firms that have not done 

so. The interviewee answers that “... firms that have implemented [industry 4.0] have mostly 

advantages.” The participant explains that the advantages that those firms have are mostly 

resource oriented. Such as, resource planning and resource management. 

 

In previous communication with the firm, that occurred via email, SME2 mentioned that they 

have not implemented industry 4.0 at their workplace. We ask how they are linked to industry 

4.0. SME2 answers that they benefit from industry 4.0 via their supplier, which is a large firm 

producing metal sheets and steel components. “We are very small... We are not planning to 

implement it as the initial cost of implementation would be too high for us, and that we would  

also need an IT expert to manage, implement, and maintain it, those are also very expensive.” 

However, SME2 does see that it potentially could provide beneficial performance even for 

them. “I can see that it could improve the overall production of the workshop, but the costs are 

too high and the time for the investments to be repaid is too long.” However, SME2 states that 

there are other things that could increase the productivity and operation that are not considered 

as industry 4.0. “The measures we use are typical and standard... new machines that would do 

this more precise are not necessary.” Besides that, SME2  also mentions that a person drives 

all of their production stations. Furthermore, the interviewee expresses that the benefits a firm 

can receive from implementation of industry 4.0 depend on their strategic time frame. “If 

[companies] are thinking economical on medium or long term, then it might be profitable, and 

they should go for it.” As well as the need of the firm; “if the company is struggling with some 

of its production segments or parts in their work that they have to analyze. Then industry 4.0 

might be the solution for them.” When asked if SME2 notices any changes in the industry, or 

has seen other firms making these changes, he responds that “I don’t know any company, 

similar to ours, that has implemented industry 4.0.” SME2 follows this up by stating “the firms 

I know are also struggling with implementing these ideas, it is not exactly on the same level of 

industry 4.0… they might be close, but I don’t think it's industry 4.0 yet.” SME2 continues by 
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explaining that industry 4.0 might improve processes, and that there is often room for 

improvement in all business activities, but that it is not smart to be too narrow-minded and 

think that the only path is thought industry 4.0. “... Everything could be better, and nothing is 

perfect. Do not know anything specific that it could improve, and there are other things that 

could streamline our business beside industry 4.0.” 

 

When discussing the potential challenges SME2 would meet when implementing drivers of 

industry 4.0. SME2 mentions that besides the high initial cost, there is also a shortage of people 

with expertise in the area. The ones that educate themselves move to wealthier areas, “in [our 

geographic area] we have this problem because there is not that many businesses that could 

hire these people. I have heard from locals who have many friends that they often move to… 

here they would make a fraction of what they would make there.” SME2 mentions this both as 

a price cost, because the price is driven up by competition from wealthier regions, but also as 

a general shortage as a result of the disappearance of those who originate from their region. To 

follow this up we ask if SME2 would act on development into industry 4.0 if there would be a 

better supply of specialists at a reasonable price. He answers “of course, if we could install 

systems and maintain them, the companies would run better and more efficiently. You can have 

a central system that manages everything.” In other words, even though SME2 thinks that they 

could manage without these techniques in their line of operation, they still see the benefits and 

would act if the implementation and maintenance costs are affordable. 

 

We continue the interview by asking SME2 how he thinks the future of the industry will look 

and if industry 4.0 will have a large impact on the business environment. His first thought was 

that “... the development of technology is moving very fast, and it is an exponential growth.” 

However, right now the concept mostly exists in a small proportion of the business world. 

“Right now, I think that industry 4.0 is mainly for high end businesses, and maybe some smaller 

businesses.” SME2 emphasizes that it not just about size, but the technological and quality 

aspects of a business also matter. We follow up by asking SME2 its thought on whether or not 

a disruption on the way industries operate today will occur. SME2 describes that the diffusion 

of industry 4.0 might follow the same trend as other technological development and refers to 

the spread of smartphones that occurred a few years ago. “First they were very expensive and 

only a few people bought them, like 20%. But then the price went down and all of a sudden 

80% have adopted this new technology.” SME2 describes the diffusion to follow the S-Shape 

of the diffusion model, where adaptation goes slow in the beginning but exponentially increases 

over time. The participant explains that this is mostly because of the expensive price of novice 

technology. SME2 expresses that the first movers that currently have implemented the concept 

are bigger firms that might feel pressure to adapt to it. “Big companies with assembly lines, for 

example car manufacturing, that feel the need to move forward.” We asked if they thought the 

that the diffusion process would proceed, SME2 replies that “there might come a tool available 

for medium and small companies. Tools that are based on these techniques included in industry 

4.0 and are more suitable for implementation and usage… maybe in five to ten years it will be 

different and much easier to implement when IT experts make it less complex and expensive 

and as a result an available option for small firms.” 

 

4.7 SME3 

We begin the interview by asking what the concept industry 4.0 consists of according to SME3. 

The participant replies “Industry 4.0? never heard of that term.” We explain that it is a 

movement from a machine driven industrial state, to a state where the machines communicate 
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without human interaction, through automatic processes. SME3 states that they do not regard 

this as something radical, but more as a further development of industry 3.0. “Would say that 

this change is not big enough to be referred to as a revolution. If the third revolution was the 

movement from production lines, such as introduced by Ford, into a production taken over by 

machines, then I would say that we are still in the third industry. And that this is only an add-

on to that, so maybe something like industry 3.1.” We ask what that add-on would be, SME3 

replies that it mostly concerns the machineries’ connectivity to Wi-Fi, the capability to monitor 

and interfere with production through applications. “It sounds fancier than what it is. The 

largest difference is that most of what happening is digital instead of mechanical.”  

 

We ask if this means that a machine its setup is being handled on a digital interface rather than 

being done manually. SME3 elaborates that the digital software of machines interacts in a 

physical environment “robots use sensors in order to visualize the environment itself, while 

performing its tasks… solve problems by itself... you train it to learn by itself.” SME3 refers to 

the car manufacturers as an example where this is highly implemented. We continue the 

interview by asking if SME3 thinks that industry 4.0 is widely spread across the industry. 

SME3 replies that “by those who can afford it. We are producing a machine that is meant to 

be included into other firms’ production lines… it is aligned with your description of the 

phenomenon, but it sounds so much more when using that term (i.e. industry 4.0).” It is 

important to note that SME3 started off by producing a component, but now operates by 

constructing and selling the machines that produce the component. Instead of being a supplier 

of a component they are the supplier of the machine that produces the component.  

 

When being asked if industry 4.0 can be considered as a buzzword used by the academic world, 

SME3 replies “well not academia per se. Well yeah, academia, and people at high positions in 

firms that are at the high end of technical development.” SME3 explains that this concept does 

not benefit small firms to the same extent as larger corporations. The participant did however, 

provide an example of a small firm he works with from time to time that uses multi axis 

machines (CNC). “This machine is there and worked, regardless of if it is weekend, everybody 

can be at home and one is monitoring its production via their phone.” The benefit was that the 

system does not need time off and can operate around the clock. In contrast, SME3 also gives 

an example that some of the large firms that they work for do not have super high-tech factories 

either, because they do not need to. “The machines they invest in cost over one hundred 

thousand dollars per machine, and the production line consists of multiple machines. They do 

not even have that high-tech factories. However, they also only produce standard products, so 

I can understand the application of these techniques in some factories but not in others.”  

 

In a previous part of the interview, we have discussed that SME3 produces a machine that, to 

some extent, incorporates the techniques included in the term industry 4.0. When being asked 

if SME3 plans to extend the rate of industry 4.0 that is being implemented in the machines, 

SME3 says that they will try to implement techniques that benefit the purpose of their product. 

“One of the things we strive for is to need as few people as possible. Wages are a very high 

cost here… the wages of the employees are only a small proportion of the total personal cost, 

that furthermore includes employee fee and taxes.” SME3 his thought on whether or not robots 

provide other benefits, such as, precision, the participant says that “... not concerning 

areas/tasks that require creativity, art or perform something unique. Besides that, I would say 

that robots are often more precise.” Furthermore, SME3 also states that it often “requires a 

human to create its program to begin with. So, in most cases the humans are basically standing 

for the performance, as long as it not learning by itself.” When asked if self-learning is 

something common today, SME3 answers that he does not think that it is. When being 
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questioned if these techniques might increase the efficiency of the material used by the 

machines SME3 replies; ”that is not possible in our case. During the production process, some 

waste is unavoidable. Think that it approximately 4% of the input materials that gets wasted in 

the process. And sometimes parts of that can be used elsewhere.” 

 

SME3 views industry 4.0 as something that manual labor should consider as a threat. “A project 

in the printing industry that I was previously working on, that used high speed cameras as a 

tool to control that the paint is aligned and up to standard. That is an example of a technology 

that made some employees redundant.” When being asked if this would not bring forth new 

job opportunities he answered “Of course, it creates job, but those jobs are more advanced and 

require higher education.” Meaning that it’s up to the labor force to adapt to fit in to developing 

facilities. 

 

In a further discussion, the participant agrees that all of the drivers are more or less available 

techniques, but that they are not a commonality and therefore it is not accurate to say that we 

have reached that point yet. Two examples he provides is that “it is almost like saying that laser 

weapons are common in the world just because the USA manages to construct one. The 

technical aspect is there, for instance we cannot really say that we are space inhabitants just 

because we manage to get there.” SME3 explains that the technical aspects have proven that 

the concept is possible. However, at this moment it is far too expensive to reach a broader usage 

among small firms “right now, the price is too high. The main focus small firms have is to 

survive.” We ask if pushing towards development in this area is not a way to increase the chance 

of survival in the long run. SME3 explains that it is, but the costs are too high, and the benefits 

decrease when the scale of the operation decreases. “Yes, but there is not enough capital for 

pushing it further. First of all, there is an initial cost of running a production firm… I think 

that the benefits decrease with the size of the operation. A firm that has factories on multiple 

location would surely benefit more if they could use these techniques in order to understand 

the success of one factory and implement it over their other factories.” Furthermore, the 

participant expresses that smaller firms often have a harder time to motivate investments and 

that “large firms often do not have the same pressure to motivate investments into their 

products.” One factor that SME3 mentions is that large firms are “... able to experience the 

effect of the investments much quicker and to a larger extent” as an example of this is the way 

to reduce high cost related to workforce. 

 

We rounded up the interview by talking about SME3 its future direction of working with the 

techniques related to industry 4.0. SME3 mentions that they have currently reached the point 

where they have some of the techniques integrated in their machines, but the communication 

with the machines, that comes after the process for which their machines is assigned, is 

something that is still under development. “We have only developed the process of cutting 

out/formatting the material. The packaging will be done by their own robotics, so that is 

something that we will have to cooperate with them about.” This means that the 

interconnectedness, that is one of the keys for industry 4.0, is not fully included, but a goal that 

is being recognized and included into further plans. 
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5. Analysis and Discussion 

In this chapter we are going to present an analysis of the empirical findings presented in the 

previous chapter, we will do so by discussing the data in relation to our theoretical frame of 

reference. first we are going to analyze firm in relation to industry 4.0, then we going to add 

the concept of business models to the discussion and finally analyze the data in relation to 

business model change and inertia to change. 

5.1 Industry 4.0 in reality 

5.1.1. Positioning towards Industry 4.0 

In this first part of this subchapter we are going to write about the position the companies have 

in regard to implementation of the drivers of industry 4.0. This means that we are going to 

analyze to what extent the companies within our sample have implemented the drivers. By first 

comparing the theoretical possibilities to the real-life situations and, after that, comparing 

differences between large firms and SMEs we take the first step towards answering the research 

questions. In order to make the answers of our interviews come alive, we have added table 7 

which gives an overview of the positioning our firms have. Once more, this position is solely 

related to the implementation of the drivers and not to the perspective the firms have towards 

industry 4.0. Their perception will be discussed in subchapter 5.1.2 and shown in table 9. For 

this reason, the last column in table 7 is left blank.  

 

The positioning, as mentioned below, is based on a scale on which we have, after conducting 

the interviews, placed the participants of this research. On the scale we can find six stages. On 

one end there is “no drivers implemented” and on the other end there is “fully implemented”. 

This of course refers to the extent companies have implemented industry 4.0. In between, from 

left to right, there is “implemented some drivers”, “highly automated and implemented some 

drivers”, “setting up pilot factories”, and “running pilot factories”. The scale can be found 

below, in table 6. Industry 4.0 advancement in this research accounts for the number of drivers 

that have been implemented in the companies.  
 
Table 6 Scale on Industry 4.0 advancement 

1. No drivers 

implemented 

2. Implemented 

some drivers  

3. Highly 

automated 

and 

implemented  

some drivers 

4. Setting up 

pilot factories 

 

5. Running 

pilot factories 

6. Fully 

running smart 

factory 

 

When looking closer into the different stages on the scale, we can see similarities between stage 

2 and 3 and therefore need clarification. In stage 2 we categorize companies that have a 

production line in which the majority of work is still done manually, but still the companies 

have implemented drivers of industry 4.0. Where in stage 3, the companies have a highly 

automated production line and have also implemented some of the drivers. Theoretically 

spoken, a company can be less automated, but still just as industry 4.0 advanced as a company 

with an automated production line. The last stage, stage 6, has been added to the scale to 

indicate the final stage of industry 4.0. Even though none of our sample firms have reached 

this stage yet, we wanted to include this stage to indicate the most advanced situation. After 

our interviews we can conclude, based on answers from LF1, SME1, and SME2, that this 
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situation is still very rare, and maybe even nonexistent in this stage of the industrial revolution. 

Furthermore, stage 5 and 6 do look similar, but in stage 6 we really talk about a fully operating 

smart factory in which companies are not busy streamlining the process anymore. 

 

When going back to the theoretical framework, we see that those drivers behind industry 4.0, 

as mentioned by Fatorachian and Kazemi (2018), are CPS, IoT, cloud computing, big data 

analysis, as well as sub-drivers, sensors, information network, and software systems. As 

mentioned before, we have mentioned the last three drivers as sub-drivers since they support 

the main techniques and are not mentioned on its own, but mostly in relation to the main drivers 

(Fatorachian & Kazemi, 2018, p. 4; Saarikko et al., 2017, p. 669). The drivers itself have been 

thoroughly explained earlier in the thesis and will therefore not be described again. However, 

it is important to know how the theoretical availability of those drivers relates to the practical 

implementation among our sample firms. Hill and Rothaermel (2003), as already mentioned 

several times in this thesis, found that smaller firms have several benefits over large firms when 

it comes to possibility to implement newer technologies. To start with, they state that the 

flexibility of the organizational structure gives smaller firms a head start over large firms to 

implement these new technologies (Hill & Rothaermel, 2003, p. 271). In table 7 we have added 

the positioning of our sample firms and their place on the above-mentioned scale becomes 

visible. Once more, this only displays the practical implementation of the drivers and not the 

mindset towards industry 4.0.  

 
Table 7 Recap on firm details and Position to industry 4.0 

Firm Industry Positioning Perception 

LF1 Truck industry 3. Highly automated and 

implemented some drivers 

 

LF2 Multiple divisions 

within different 

industries 

3. Highly automated and 

implemented some drivers 

 

LF3 Consumer goods 

industry 

5. Running pilot factory  

LF4 Multiple divisions with 

different industries 

4. Setting up pilot factory  

SME1 Construction industry 1. No drivers implemented  

SME2 Steel processing 

industry 

1. No drivers implemented  

SME3 Manufacturing 

industry 

3. Highly automated and 

implemented some drivers 

 

 

When simply looking at table 7 we can already conclude there is difference in the way how 

SMEs and large firms have implemented drivers of industry 4.0. Where in the large firms there 

is at least a state of highly automated production lines with an implementation of some drivers, 

we can see that in the SME1 and SME2 neither of those two is applicable. Other than that, it is 

striking that SME3, the smallest of the SMEs, is very advanced in comparison to SME1 and 

SME2 and is on the same level as two of our large sample firms. Another conclusion we can 
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draw before taking a closer look on the firms itself is the fact that the larger firms are more 

industry 4.0 advanced than the smaller firms. This contradicts the three factors discussed by 

Hill and Rothaermel (2003) who state that large firms are less inclined to invest in new 

technologies. This will be further discussed in subchapter 5.1.2 and 5.3, inertiae in reality. 

Based on our empirical findings we can conclude LF3 and LF4 are most industry 4.0 advanced 

and together definitely can be seen as a category on their own. We see that LF3 and LF4 are 

the only companies within our sample that purposely have been implementing the drivers with 

the goal to make the company industry 4.0 advanced. In both companies we observe that the 

daily tasks of interviewees revolve around implementing industry 4.0 within the company. LF3, 

as part of the management team of the factory, has been the person responsible for the entire 

operation and LF4, as innovation project leader industry 4.0, has his job position dedicated to 

industry 4.0. The fact both respondents can put all their effort in guiding their company towards 

industry 4.0 also indicates that both firms attach value to the process and see industry 4.0 as an 

important tool to maintain their current competitive advantage in the future.  

 

Out of LF3 and LF4, according to the empirical findings and as shown in table 7, LF3 can be 

considered as most industry 4.0 advanced. A pilot on industry 4.0 has been implemented in the 

factory over a year ago and they are currently busy streamlining the process so that the entire 

operation can run independently, and all initial problems have been resolved. Even though this 

might take another year and a half, LF3 is making a serious leap towards a fully running smart 

factory, which is also the final stage on the industry 4.0 scale. LF3 can therefore be seen as the 

most industry 4.0 advanced firm within our sample, however the progress within LF3 can also 

on a larger scale be seen as admirable. According to LF3 his answers, the factory is currently 

already one of the most automated factories within Europe and serves as a benchmark within 

the industry. When relating this back to the drivers of industry 4.0, particularly, IoT, Big data, 

and CPS (Fatorachian & Kazemi, 2018, p. 8-9; Lasi et al., 2014, p. 241), we can conclude that 

LF4 has implemented all the drivers of industry 4.0 and is currently busy in optimizing the 

usage of these drivers so that LF4 can fully experience the benefits (Müller et al., 2018, p. 6) 

of its smart factory. 

 

LF4, on its turn, has also seen an increase in importance of industry 4.0 within the past year. 

Besides the fact that, as mentioned before, his daily tasks are fully committed to industry 4.0s 

wellbeing of the company, LF4 also indicates that his team grew from 3 to 5 people ever since 

they started approaching industry 4.0 a year ago. Even though that LF4 has a team dedicated 

to industry 4.0 they are not at the level of LF3 yet. Primarily, this can be accounted to the 

shorter timespan LF3 has been having the industry 4.0 approach. Where LF3 indicated they 

started designing the smart factory almost two years ago, LF4 is currently running the first 

pilots by using drones and big data in order to achieve added value in, amongst others, the area 

of predictive maintenance. The reason we have scaled LF4 in stage 4 and not stage 3, highly 

automated and implemented some drivers, can be accounted to the end goal why LF4 is 

implementing those drivers. LF4 discusses how the future goal of the company is to see fully 

automated, smart factories (Müller et al., 2018, p. 5-7) and that the industry 4.0 team, and the 

accompanying pilots, are the first step in this direction. 

 

When looking at the companies that have been scaled in stage 3, we see that drivers of industry 

4.0 have been implemented, but not in relation to industry 4.0. The drivers that have been 

implemented were available and deemed to be the best “thing” available on the market. 

Companies have therefore solely implement them in order to improve their operations, without 

considering, or even knowing about, industry 4.0. For those companies it can be seen as next 
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step in their automation process. Companies that have been classified in this stage are LF1, 

LF2, and SME3.  

 

LF1, to start with, points out that he has never heard of industry 4.0 and that they are not 

consciously implementing industry 4.0 drivers in their production, instead they are simply 

looking for the best available technologies when optimizing their production line. This is a 

clear position they have on industry 4.0. The production lines are highly automated, but do 

require human interaction, since LF1 is convinced that its workforce is an essential part of the 

operation. The most present driver in LF1 are sensors, that are a sub-driver of CPS (Fatorachian 

& Kazemi, 2018, p. 4; Saarikko et al., 2017, p. 669). Striking for LF1 is its stance towards 

being an innovator in the industry. This stance explains why LF1 is not concerned with industry 

4.0, thus striving towards industry 4.0 would indicate adaptation instead of innovation (Saebi, 

2015, p. 150). LF1 indicated multiple times that they do not necessarily need industry 4.0 to 

achieve its main goal; creating the best product. LF1 provides two examples on how they can 

create the best product without being the most industry 4.0 advanced company. First is a best 

practice example in which he explains how they benefit from their stance by simply improving 

and perfect ionizing an IoT related platform. This platform had been invented by an innovator 

in the industry (Foss & Saebi, 2017, p. 217), but LF1 is the one that makes this platform 

function without any problems, whereas the innovate competitor struggled to do this. 

Furthermore, LF1 explains how they, currently, cannot make the best product without having 

the important input from their factory workers. Even though LF1 has some drivers of industry 

4.0 present in their production line, the above-mentioned examples make it clear that they have 

other priorities than simply implementing industry 4.0 and therefore position themselves not 

among the most industry 4.0 advanced companies in this research.  

 

LF2 approaches industry 4.0 from a different angle than LF1, nonetheless they have been 

classified in the same stage. LF2 says that the company has been using data to its advantage 

from the moment the company was founded and always has been trying to be “smarter” than 

its competitors. Industry 4.0 itself is therefore also not consciously present within the company, 

however the use of CPS and big data is (Mourtzis et al., 2016, p. 291). In many of LF2 its 

factories robots and humans work together in order to achieve, in LF2 his words, synergy. This 

synergy is the driver behind the decisions that LF2 is making regarding industry 4.0 and 

eventually achieving its strategy. Furthermore, the high level of automation in the factories also 

go hand in hand with a large number of sensors in their factories (Ehret & Wirtz, 2017, p. 114; 

Fatorachian & Kazemi, 2018, p. 4). Since LF2 applies the “numbers tell the tale” as one of 

their motto, we can also consider big data as one of the implemented drivers of industry 4.0. 

The final main driver that is present in LF2 is IoT. The fact that their factories contain, for 

example, self-stocking robots. Those robots cannot function unless they are connected to a 

network on which those robots constantly exchange information (Saarikko et al., 2017, p. 668).  

 

SME3 is the only SME that can categorized among the firms that are highly automated and 

have implemented some of the drivers. It is therefore going to be interesting to analyze how 

they have done that and why they differ from the other SMEs and, on the other hand, show 

similarities to the large firms. Besides the fact that SME3 itself, out of the available drivers, 

uses IoT and CPS (Fatorachian & Kazemi, 2018, p. 4; Saarikko et al., 2017, p. 669), the 

machines they produce also contain industry 4.0 elements. It is interesting to see that in this 

small firm, in which the interviewee has never heard of industry 4.0, industry 4.0, without 

realizing it, plays an important role in their operation. The key point in SME3 its position 

concerning the drivers of industry 4.0, is related to the position they have to their customers as 

well. This position in the supply chain (Sommer, 2015, p. 1528) is similar to the position large 
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firms have as well. As also mentioned in the empirical findings, their customers are companies 

that have a production process themselves as well. This orientation is similar to the clientele of 

the larger firms within our sample and opposite of the orientation of the other SMEs, who are 

not using drivers of industry 4.0 yet. Here we can already observe an important difference what 

kind of companies, and why they, use drivers of industry 4.0. This observation is a first 

important step towards answering our research questions. 

 

As already seen in in table 6, the remaining SMEs, SME1 and SME2, have not implemented 

drivers of industry 4.0 yet. Both of the firms indicated in the interviews that their production 

lines consist for the majority of manual labor and be, at most, called semi-automatic. As 

mentioned briefly, SME1 and SME2 have a similar position in the supply chain and both 

provide end products that are being used once SME1 and SME2 are finished with their process 

(Sommer, 2015, p. 1528). This means that both SMEs and more downstream in the supply 

chain, which in our research, is a striking difference from the other firms, that are more 

upstream in the chain or provide complete solutions. Within our research, this is a relevant 

relationship we can draw between the implementation of drivers of industry 4.0 and the sample 

firms. Furthermore, both SME1 and SME2 explain that their companies, for a variety of 

reasons, will not benefit from implementing industry 4.0, we will provide a further discussion 

for this in sub-chapter 5.3.  

 

When comparing the different positions of the sample firms we can already analyze some key 

differences between the different companies. When starting by comparing the different sizes 

of the companies, we can state the size of the definitely is related to the extent of automation 

within the production line. The large firms all, at least, have a highly automated production 

line, where two out of three SMEs do not fall in that category. When relating the automation 

to the drivers of industry 4.0, we observe that there is a relationship between the extent of 

automation and the drivers of industry 4.0. Even though, it is theoretically possible to have a 

semi-automated production line with drivers of industry 4.0, it seems that automation is the 

first step companies take before taking a step towards industry 4.0. This is in line with the 

statement LF3 makes in which he says that automation, and IT, are the first challenges for 

companies before industry 4.0 can be successfully implemented. This statement is being 

supported by other sample firms, since none of our sample firms can be found in the second 

stage of the scale. Finally, when combining the extent of  automation and industry 4.0, we 

observe that all large firms are at least in stage 3, highly automated and some drivers 

implemented, on the scale. Whereas half of the large firms, LF3 and LF4, are consciously 

implementing industry 4.0, whereas LF1 and LF2 have their own reasons for not being industry 

4.0 oriented. The motivation behind the choices of the firms will be further explained in 

subchapter 5.1.2.  

 

As already mentioned, the reason that SME3 can be found in stage 3 of the scale cannot be 

accounted to their size, but to the position they have in the supply chain. They are the only 

SME that is classified in stage 3 and by far the most industry 4.0 advanced SME of the sample. 

SME1 and SME2 neither have implemented drivers nor can they be classified as highly 

automated. We have already discussed that the two companies are downstream in the supply 

chain. The position in the supply chain can, at this point of the research, therefore be considered 

as an indicator whether or not companies see the benefits of automation. Where LF3 already 

mentioned that automation and IT are related to industry 4.0, we can see that the position in the 

supply chain might be linked to automation. The next subchapters will therefore of utter 

importance to further investigate this relationship and provide a well-founded answer to the 

research questions. 
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5.1.2. Views on Industry 4.0 

Similar to the positioning of the sample firms, we have also created a scale on which we place 

the firms based on their perspectives on industry 4.0. These perspectives are based on the 

personal perception our interviewees have on the phenomenon. Meaning that it goes one step 

further than the positioning of the firms, but that the views and motivations behind the answers 

in the empirical findings are being analyzed. These views and motivations will provide an 

important insight on the reason behind decisions that are being made by our interviewees and 

their respective companies. In table 9 the perspective is being displayed together with the 

positioning of subchapter 5.1.1. Finally,  both the positioning and perception will be compared 

to each other and those outcomes will be analyzed in relation to our research questions. 

Furthermore, it is important to state that the perception of the interviewees is based on their 

current perspectives on industry 4.0, and the implementation of its drivers, which is being 

influenced by future expectations in combination with current positioning of the company 

 

The scale on perspectives, displayed in table 8, consists of five stages with “does not believe 

in industry 4.0 at all” on the far left and “sees industry 4.0 as THE way working” on the right 

side. In between, from left to right, there is “does not believe in industry 4.0 as a definition”, 

“sees benefits, but not applicable in own situation (yet)”, and “sees benefits, but cannot 

implement due to constraints”.  
 
Table 8 Scale on perception of industry 4.0 

1. Does not 

believe in industry 

4.0 at all 

2. Does not 

believe in 

industry 4.0 

as a definition  

3.Sees benefits, but 

not applicable in 

own situation (yet) 

4. Sees benefits, 

but cannot 

implement due to 

constraints 

5. Sees industry 4.0 

as THE way of 

working 

 

Just as in the positioning, some of the stages of this scale need an explanation before we can 

uncover in what stages the firms have been placed. Stage 1 and 2, despite the similarities are 

rather different from each other. A firm in step 1 would not believe in industry 4.0 and its 

drivers as a whole. Meaning that they would agree that there currently is a change in the 

availability of new technologies and that the industry is basically the same as it was 10 years 

ago. In stage 2, we include firms that do see that there is a change in the production environment 

and the available, but do not consider this to be caused by industry 4.0. In stage 3 and 4, the 

participants admit the existence of industry 4.0, where is stage 4 the constraints can be any kind 

of constraint. These constraints can be related to a variety of reasons and will be discussed 

accordingly once a company is being classified in this stage. Stage 5 means, as the name states, 

that the interviewee is a big fan of industry 4.0 and looks at it as a groundbreaking development 

that can change entire organizations and industries. 

 

There are many theories on the way of working of smaller firms when being compared to larger 

firms. Not all the theories seem to agree with each other and depending on the point of 

departure, different conclusions seem to be made. It seems that larger firms are more committed 

to their strategy and that the strategic path is leading towards changes in the operations 

(Camillus, 2011, p. 312; Saebi et al. 2017, p. 276). As being stated in the theoretical framework, 

this is seen as burden for large firms to invest in novice technologies. The last statement made 

by Hill & Rothaermel (2013, p. 268) is also an interesting point of view to mention before 

presenting the perspectives of our interviewees. Here they state the embeddedness in the value 

network gives large firms difficulties to invest in novice technologies. 

 



 

65 

 

On the other hand, there is Sommer (2015) who has its own view on industry 4.0 and on the 

development of SMEs towards industrial development. Sommer (2015, p. 1526) states the 

opposite from the earlier mentioned position of smaller firms and states that they are behind on 

large firms when it comes to industrial development. Sommer (2015, p. 1526) states that SMEs 

are not only less prepared, but they also show a delay in following industrial developments. 

Sommer (2015, p. 1528) continues by explaining that according to his research, SMEs must 

invest in industry 4.0 in order to keep their crucial part in the supply chain. In our research, this 

is an interesting statement to take into consideration, since this can provide an important insight 

in the implementation of industry 4.0 in SMEs and therefore be critical to answers our research 

questions. Where these theories mostly talk about the importance of technology, Chesbrough 

(2010) considers business models as a leading force to success. Chesbrough (2010, p. 362) 

explains that the quality of a business model is more important than the quality of a technology. 

As mentioned in the empirical findings by LF3, we are currently in a period of disruption, 

arguably the biggest disruption ever. These different angles will help us further reflect upon 

the empirical findings and will also allow us to have a well-grounded discussion. Even though 

Chesbrough (2010) is only going to play a role in subchapter 5.2, it is an interesting point of 

view to keep in mind during this chapter. The interviewees their perception on industry 4.0 is 

being displayed in table 9.  

 
Table 9 Recap of previous sample information as well as perspective of industry 4.0 

Firm Industry Positioning Individualized Perception 

LF1 Truck industry 3. Highly automated and 

implemented some drivers 

3. Sees benefits, but not 

applicable in own situation 

(yet) 

LF2 Multiple divisions 

within different 

industries 

3. Highly automated and 

implemented some drivers 

2. Does not believe in 

industry 4.0 as a definition 

LF3 Consumer goods 

industry 

5. Running pilot factory 5. Sees industry 4.0 as THE 

way of working 

LF4 Multiple divisions 

with different 

industries 

4. Setting up pilot factory 5.Sees industry 4.0 as THE 

way of working 

SME1 Construction 

industry 

1. No drivers implemented 4. Sees benefits, but cannot 

implement due to constraints  

SME2 Steel processing 

industry 

1. No drivers implemented 3. Sees benefits, but not 

applicable in own situation 

(yet) 

SME3 Manufacturing 

industry 

3. Highly automated and 

implemented some drivers 

2. Does not believe in 

industry 4.0 as a definition 

 

Immediately it becomes clear that LF3 and LF4, the participants that are most committed to 

implementing industry 4.0 in their company, see industry 4.0 as THE way of working. This is 

of course not surprising since they daily tasks evolve around industry 4.0 and adding value 
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through this phenomenon (Klepper, 1996, p. 565; Saebi, 2015, p. 150). LF1 and LF2, even 

though similar in size, do display different perspectives. LF1 indicated clearly in the industry 

that he thinks it is interesting that it is a good development that a general definition exists, and 

he believes in the drivers of industry 4.0, however feels that the company does not need industry 

4.0 as a definition yet to achieve their strategy. LF2 on the other hand, stated immediately that 

industry 4.0 and smart industry are just big, fuzzy terms to them and that they rather look at 

their own strengths and needs of the company instead of implementing industry 4.0. 

 

Within the small firms a disparity in perspectives can be found. SME1 and SME2, who have 

the same extent of industry 4.0 advancement, have different perspectives on the phenomenon. 

SME1 explains that the company its current production line, does not need industry 4.0. SME1 

has the possibility to cooperate with a supplier that has already implemented industry 4.0 in its 

operation but does not need this option. The benefits SME1 sees are for the entire society and 

its wealth rather than for his company, this could be seen as an external opportunistic view if 

SME1 desired to implement industry 4.0 (Bucherer et al., 2012, p. 186-189). SME2 on the 

other hand explains that, as a subsidiary, the costs of implementing the systems are too high. If 

SME2 has to explain these costs to its investors, they will require a return on investment which 

is not feasible for the current operation. The constraints SME2 experiences are resource, and 

more specifically capital related (Bengtsson & Johansson, 2012, p. 420; Freeman & Engel, 

2007, p. 94), we will go deeper into this topic in chapter 5.3. SME2 dedicates this to the 

complexity of the product. SME2, in general, sees the replacement of humans by machine, and 

as a result an increase in efficiency, as the biggest benefits. This is line with the statement made 

by SME3. He thinks that people, with the current developments, will become redundant. Even 

though his company is using drivers of industry 4.0 he does not believe in industry 4.0 as a 

definition.. SME3 views industry 4.0 more as an industry 3.1, since the differences with the 

old situation are not big enough to dedicate an entire industrial revolution to it. However, he 

does acknowledge the developments and availability of new technologies within the industry. 

Meaning that we do classify SME3 in stage 2 and not in stage 1, which would have made him 

a non-believer.  

 

Firstly, when looking at the motivation behind the choices of the large firms, we can see there 

is a coherence in answers. All large firms explain how their strategy is leading in every decision 

they make. When being asked about the role industry 4.0 will play within the company, 

strategy, together with mission and vision, were the most common answers. These answers 

gave us a clear imagine of how industry 4.0 is being perceived. LF1, as also mentioned in 

subchapter 5.1.1., explains how making the best product is the only thing that counts for the 

company. LF1 adds to that statement that the company does not consider industry 4.0, but the 

latest technological developments as a whole, to achieve that. LF2 goes one step further by 

explaining that they see it as their duty to keep their process in Western Europe. They explain 

that it is their duty to their employees for whom they feel responsible. The decisions that are 

being made to achieve this are also guided by the implementation of the latest technological 

developments, but the decisions are also being guided by the ambition of creating synergy for 

the company. The employees, together with the latest technological developments are for them 

the ingredients to create this synergy, which will eventually help them to achieve the strategy. 

Where LF1 also mentions their employees as an important factor to achieve the strategy, LF1 

does not directly mention the responsibility they have towards their workforce. LF3 on its turn 

sees industry 4.0 as a very important, but not the only, way to achieve its strategy. 

 

The strategy LF3 talks about is doubling their business while cutting their ecological footprint 

in half. Together with other programs that are being run within the company, LF3 considers 
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industry 4.0 as a tool that floats like an oil stain over the other programs and can be applied 

everywhere within the company to add value to the entire company. Again, we see that strategy 

is the deciding factor and that industry 4.0 is being seen an opportunity to achieve this strategy 

(Sosna et al., 2010, p. 402). Just as in LF1, LF2 and LF3 the employees are being considered 

as a necessity to achieve the strategy. LF4 explains that a fully automated factory, together with 

the aging workforce, is for them the motivation behind the implementation of industry 4.0, this 

is aligned with the positive effect of a strong organizational culture presented by Chesbrough 

(2010, p. 362). This might, at first sight, not coincide completely with the motivations given 

by the other large firms, however LF4 explains that the aging workforce goes together with a 

loss in valuable knowledge. LF4 therefore sees industry 4.0 and the goal to completely 

automate their factories as a way to preserve this knowledge in the form of machinery. This 

can be seen as their vision for which industry 4.0 serves as a tool.  

 

All the answers from large firms have in common that they all revolve around the strategy. The 

strategy is leading when deciding what technologies to implement and that technologies that 

can help the firms to achieve the strategy faster, or easier, count as valuable assets for the 

companies. This contradicts the statements that commitment to a strategic path can prevent 

firms from investing in novice technologies (Camillus, 2011, p. 312; Saebi et al. 2017, p. 276). 

All of the large firms see the drivers of industry 4.0 as a tool to achieve their strategy and are 

willing to make the investment in these tools. Even though it is true that the strategic path is 

the main factor that influences the decision making in the company the companies are not being 

withdrawn from investing in new technologies. The opposite is true, besides the fact that the 

large firms all have a higher position on the scale, the general perception of the larger firm 

towards industry 4.0 and its drivers is also more towards the right side of the scale.  

 

SME1, SME2 and SME3, based on their answers, seem to be more business with surviving and 

looking at costs rather than innovating and implementing the drivers of industry 4.0. We argued 

that SME would have less complex business models and thereby be more flexible to change 

(Bucherer et al., 2012, p. 192; Christensen et al., 2016, p. 8; Foss & Saebi, 2017, p. 216), but 

we found that the question of day to day survival and high implementation cost was a great 

counter factor. SME1 and SME3 specifically mention that machines have multiple advantages 

over people and the ease of having machines will eventually outweigh the burdens, for example 

costs, the use of people brings along. SME1 and SME3 both mention, among others, that 

machines cannot get sick and will not need time off in the weekends, which threatens the 

position of the workforce. SME1 and SME2 furthermore mention that the costs of investment 

play a big role in their decision-making process as well. The way how the human resources are 

being considered and how costs are being approached are the main differences between the 

SMEs and the large firms. None of the large firms, not surprisingly, mentioned cost as a burden 

for investing in new technologies. This is not only in line with Sommer (2015, p. 1526) his 

statement, but also explains why the SMEs are behind on larger firms when it comes to 

technological development.  

 

Besides that, SMEs also seem to have a different mindset when it comes to the role of people 

within the organization. As already specifically mentioned, large firms see the role of people 

change and definitely do not see people become redundant. LF2 and LF3 mention specific 

numbers that show a growing demand for employees following the changing environment and 

developments around industry 4.0 and the implementation of its drivers. LF1 and LF4 on top 

of that mention that people, in a different role, are definitely needed in the future. As already 

said, SMEs see industry 4.0 as a threat for their workforce, but do not base their assumptions 

on numbers as we saw in the statements of LF2 and LF3. The large firms all talk about the 
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general perception that people are going to be replaced by robots and how they disagree with 

this statement. This perception seems to be present in the smaller firms and, based on the 

answers of the large firms, this can be seen as a lag in mindset on the possibilities of industry 

4.0. Sommer (2015, p. 1526) does mention the lag small firms have concerning larger firms. 

 

Hill and Rothaermel (2013, p. 268) talk about the embeddedness in the value network that 

would prevent large firms from investing in novice technologies. The large firms did not give 

us reason to believe that this can be considered as threshold. LF2 gave the best description of 

how their relationship with customers and partners has changed due to the new technologies. 

LF2 did this by providing a clear example on how their focus broadened and new opportunities 

arose. LF3 explains how their strategy involves cutting their ecological footprint in half and 

that industry 4.0 can be considered as a tool to achieve this. This strategy clearly indicated is 

aware of LF3 its role towards their stakeholders, who are also part of the value network. 

Another change in value network as mentioned by LF3 is the shift from global to more local 

production. This change explains that firms, not only large ones, have to keep up with the 

changing environment and see the novice technologies as a way to answers to these changes. 

LF1 and LF2 also mention how the environment is of their concern and that the increasing 

importance of environmental issues, and therefore its stakeholders, are being taken into 

consideration when investing in technology. These are just a handful of examples that 

contradict the statement by Hill and Rothaermel (2013, p. 268) and show that the industry 4.0, 

and the drivers separately, are a way for companies to serve their value network better. 

 

Sommer (2015, p. 1528) argues for the implementation of industry 4.0 within SMEs to keep 

their place in the supply chain. However, our empirical findings show a wide variety of answers 

that do make Sommer (2015) his statement that self-explanatory and some of the answers even 

contradict this statement. Even though all of our interviewees see the benefits of industry 4.0, 

or at least its drivers, they all agreed that it is not suited for everyone. LF1 and LF2 state that it 

is important to analyze and see it fits the current operation. However, this is not just applicable 

to SMEs only, all firms should have this mindset. As already mentioned, LF3 argue that SMEs 

should first focus on automation and IT, before rushing into industry 4.0. LF4 agrees that SMEs 

should not rush into industry 4.0, however he looks at it from the financial side and advices 

SMEs to wait until more cheap, standardized industry 4.0 solutions are available. Both LF3 

and LF4 also explain that the benefits of industry 4.0 are not automatically applicable in every 

operation and LF4 observes that especially SMEs might not need these solutions. This is in line 

with the conclusion we can draw from the empirical findings of the SMEs. For them industry 

4.0 is being seen as a tool to achieve benefits within the company. However, it is not seen as a 

necessity to achieve these benefits. SME1, besides the financial constraints, explains how, at 

this moment, he sees that  industry 4.0 is not necessary to improve the product. SME2 came to 

the same conclusion and states that the product does not need industry 4.0, yet. The 

abovementioned answers put the conclusion by Sommer (2015, p. 1528) in perspective. His 

statement, that says that it is a necessity for SMEs to engage in industry 4.0, is in our eyes too 

black and white. Based on our empirical findings, we observe that SMEs, and companies in 

general, should not just implement industry 4.0 to be part of the community. The operation 

should be ready for this step. Even though all interviewees agree that industry 4.0 is going to 

play an increasingly important role in the future. Optimizing the operation itself comes in the 

first place, only when the operations are optimized industry 4.0 should be considered. 

 

After comparing our empirical findings based on the perspectives of our interviewees on 

industry 4.0, and therefore motivating the position of their companies, to the theories on 

industry 4.0 and the investments in new technologies, we analyze that not all theory can be 
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confirmed and that the empirical findings also contradict some of these theories. SME1 and 

SME2 believe in the benefits of the drivers but have their own reasons for not implementing 

them yet, whereas SME3, despite using some of the drivers, does not believe in the term 

industry 4.0. Besides the earlier mentioned opportunities, SMEs also see threats towards the 

need of people in the future and talk about costs as a constraint. Large firms mostly see 

opportunities in the technological developments, but only LF3 and LF4 really consider industry 

4.0 as a whole as a force to be reckoned with. Large firms also recognize the necessity for firms 

to not implement industry 4.0 when the companies are not ready for it, and both SMEs and 

large firms acknowledge that not all smaller firms and industries are going to need industry 4.0 

in the future. According to Saebi et al. (2017, p. 275-276) this means that large firms, who see 

mainly opportunities in the new environment, are most likely to engage in business model 

innovation. SMEs, who see threats, are therefore most like to engage in business model 

adaptation Saebi et al. (2017, p. 275-276). However, whether or this is true in reality is going 

to become clear in subchapter 5.2 where we are going to discuss the business model changes 

that we observed within our sample firms. 

5.2  Industry 4.0 and business model change in reality 

In our theoretical framework we presented the business model framework from Johnson et al. 

(2008, p. 54) that was applied to this study. The framework consists of four components, but 

we chose to focus on the model its internal components and therefore exclude value proposition 

in our analysis. The remaining components are key resources, key processes and profit formula, 

these are the components we use as the core pillars when studying our sample firms their 

business model position. 

 

Before we describe the components into detail, it is important to recap some findings based on 

our data. Previous literature often refers to a business model as an interrelated network of value 

adding components, where you cannot alternate one component without affecting additional 

parts of the model (Chesbrough, 2010, p. 359; Christensen et al., 2016, p. 5; Osterwalder & 

Pigneur, 2010, p. 15-41). This is something that we found noticeable to a higher degree when 

evaluating our sample firms their resources, processes, and cost structure in a practical context. 

When comparing the different theories around business models, an interesting difference 

between the role of technology can be found. As already mentioned, Chesbrough (2010, p. 362) 

views the business model of a company as superior to technology. Johnson et al. (2008, p. 54) 

explains however that technology is part of the key resources of the business model of a 

company. Johnson et al. (2008) therefore view technology more as an internal strength that 

companies can use to their advantage when being implemented properly.  

 

The empirical findings show that there have been changes in the key resources of the sample 

firms. Self-explanatory is the fact that the technology subsegment has changed throughout the 

years and the implementation of drivers of industry 4.0 falls under this category. The 

availability and investments in these technologies therefore causes a change in this subsegment 

of the Johnson et al. (2008) business model. The new technologies, in the form of drivers, that 

became available have been mentioned in subchapter 2.1 and how our sample firms have 

invested in these technologies has been mentioned in subchapter 5.1.1. Technology is not the 

only key resource that has changed ever since the drivers of industry 4.0 started playing a role 

in the industries.  

 

Multiple researchers (Bucherer et al., 2012, p. 192; Foss & Saebi, 2017, p. 216) state how the 

segments within business models are interlinked with each other. This has been shown in figure 
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1 where the arrows between segments point both ways (Johnson et al., 2008).  After analyzing 

the empirical data, we also see that this is true in reality. The interlinkage between these 

segments became obvious while analyzing the empirical findings. What became clear, is that 

in our research, industry 4.0, as a technology, caused many changes within the processes and 

the resources and caused a domino effect within those segments. All these relationships will be 

explained in order to provide a good overview, how deciding and important this change in 

environment is and how the disruption, LF3 talks about, causes companies to change.  

 

Following the newer technologies, both LF1 and LF3 mention how IT becomes increasingly 

important within the company. This means that a change in resources, triggers a change in 

processes, we can see this interconnection in Johnson et al. (2008, p. 53) conceptual model and 

also described Chesbrough (2010, p. 359) and Christensen et al. (2016, p. 5). LF1 furthermore 

explained how this change in IT, on its turn, triggered a change in the recruitment strategy of 

the company, answering a demand in engineers with an IT expertise. This shift in importance 

to IT, therefore also has a direct effect on the people resources. LF3 mentioned this change in 

IT as well, however he talks about the importance of changing their IT network in order to be 

able to handle this change in technology. 

 

All the large firms on their turn mention how the implementation of the drivers, or industry 4.0 

as a whole, have affected their manufacturing process and how this change in manufacturing 

brings along changes in the way people are playing a role in this manufacturing process. LF1, 

LF2, LF3, and LF4, all state that the heavy lifting has disappeared, or at least became less. All 

the large firms explain how machines are not replacing humans, since the machines cannot do 

all the work that is being done by humans, yet, this could be defined as incremental changes in 

processes (Bohnsack et al., 2014, p. 298; Khanagha et al., 2014, p. 326). Machines are not at 

the point where they possess human characteristics such as, for example, smelling, tasting, or 

adjusting to their own mistakes. These human characteristics make sure that humans play a 

different, but important role in the manufacturing process. LF3 and LF4 both go one step 

further and explain how the tasks performed by people are also going to be more challenging 

Those more challenging tasks include, amongst other, developing strategies, and training 

and/or programming machines. 

 

LF2 explained how the digitalization in general also brings along changes in the way the 

company markets itself and how this as helps them to create a stronger brand. LF2 uses a wide 

spectrum of social media platforms in order to market the brand towards the outside world. 

LF2 explained that, as a B2B brand, this was not necessary in the past, but due to the 

digitalization and the possibilities this brings along, they use these platforms to their strength 

(Martins et al., 2015 p. 112-114). LF2 also explained how the changes in manufacturing, caused 

by changes in technology, affect the resource named network (Johnson et al., 2008, p. 53). Due 

to the possibilities their changing manufacturing environment brings along, they have the 

opportunity to collaborate with other suppliers and eventually provide better and broader 

solutions to their customers. Even though the changing product offering falls under the value 

proposition segment, and therefore will not be taken into consideration in this thesis, the way 

how they offer these different products is important for this research. As a direct result of 

implementing the drivers of industry 4.0, the manufacturing environment changes and this 

caused a change in relationships with their customers and other suppliers. Those both can be 

counted under a changing network which is defined as a key resource in Johnson et al. (2008, 

p. 53) definition of a business model. 
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Another change in processes we analyze due to the changing technology is the change in R&D. 

Both LF1 and LF2 explicitly talk about this in the empirical findings, expressing rational 

positioning towards industry 4.0 (Martins et al., 2015 p. 112-114). Where LF2 explains how 

investments in R&D become more important, LF1 explains how, again, a change in processes 

brings along a change in people and in network, Johnson et al. (2008, p. 53) define R&D as a 

key process and network as a key resource. The changing technology allows the teams to work 

together more closely with product developers in order to use the benefits of the new 

technologies to the fullest extent. LF1 gives the example on how the sensors potentially add 

value to the factory (Chen & Zhang, 2014, p. 319) and how the developers, people resources, 

are being allocated differently in order to utilize this added value. The network changes he talks 

about are in relation to the supplier of the sensors. Both of the changes are related to the new 

technologies, and the drivers, industry 4.0 brings along. However still it causes a different 

domino effect within the resources and processes of the business model. 

  

The changes in manufacturing process, as caused by the changing technologies, also enables 

companies to consider branding themselves differently. LF1, LF2, and LF3, all indicated how 

the environment is of great importance to them. Especially LF2 and LF3 state specifically how 

these changes look like to them. According to the empirical findings, LF2 uses the possibilities 

of the changing manufacturing process to focus on electrification, which means for them 

focusing on electric products. Again, there is a change in product offering, however this is also 

concerned to branding themselves to the outside world. LF3, has been discussed several times, 

considers halving their ecological footprint as an important part of their operations. By being 

environmental friendly, the companies will be considered as green brands which will increase 

the perception stakeholders have of a brand, that on its turn can be considered as a resource. 

 

Interesting to observe is the position of the SMEs within the discussion around business model 

changes. First of all, we can conclude from the empirical findings, that SME1 and SME2, who 

have not implemented any drivers, also have not made any changes to their business model. 

This is important to put in perspective what role industry 4.0, and as a result the changing 

production environment, play in relation to business model changes. As we have seen in the 

abovementioned examples, the changing technology caused a wide spectrum of changes in the 

business models of the large firms, due to the interlinked bond between the components 

(Chesbrough, 2010, p. 359; Christensen et al., 2016, p. 5). The smaller firms, who have not 

been affected by the changing technologies, have also not seen these changes in the business 

model. SME3 on its turn, has implemented some of the drivers of industry 4.0, however we 

cannot see that this has caused many changes in their business model either. This leaves us 

with a comparison between SME1 and SME2, on one side, and SME3, on the other side. An 

important difference between these companies is their age. SME3, is born within, and being 

developed around, the  industry 4.0 era, whereas SME1 and SME2 have both been founded 

before industry 4.0 started playing a role in the industries. This means that their development 

has not been shaped by industry 4.0 to the extent it has shaped SME3. For SME3 this means 

that the only business they have ever had, was already formed by industry 4.0 and did not 

require any adaptation or innovation. this could also be explained thought Christensen et al. 

(2016, p. 8) study, that business model business model stagnates in time. SME3 is younger and 

should therefore have a more flexible model in relation to the industrial transition. 

 

When looking at the final segment of the business model, profit formula (Johnson et al., 2008) 

and comparing this to our empirical findings, we can see that the implementation of industry 

4.0 and its drivers mostly brings along costs (Bengtsson & Johansson, 2012, p. 420; Freeman 

& Engel, 2007, p. 94). These costs were, in the first place, an important factor for SME1 and 
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SME2 for not implementing the drivers. SME1 gave it as the most important reason for not 

implementing the drivers and SME2 also mentioned capital constraints. The large firms look 

at the cost developments around industry 4.0 from different angles. LF1 and LF4 specifically 

mention that industry 4.0 could be a way for them to decrease the costs as a tool for continuous 

improvement. However, when looking at the effects of industry 4.0 we can observe that LF2 

and LF3 experience high amounts of implementation costs. LF2 adds that the personal costs 

only became higher due to the extra jobs their smarter factories brought along. This is the 

opposite from the effects SME3 thinks industry 4.0 are going to have for them. Müller et al. 

(2018, p. 6) state that industry 4.0 brings along several advantages for the production process. 

Those benefits indicate cheaper products due to an increase in efficiency. The interviewees all 

seem to agree with this, however LF2 and LF3 give best practice examples that the costs of 

implementing, especially in the beginning, still outweigh the benefits of having a cheaper 

product. Meaning that there might be shifts in the product formula, however the companies 

will need to make large investments to eventually experience these benefits. 

 

Based on this comparison between implementers and non-implementers, large and small firms, 

we can state that in the model provided by Johnson et al. (2008), industry 4.0 can be seen as a 

driver that enables business model change, rather than that business models are deliberately 

being built around industry 4.0. This means that business models are not actively being 

changed. Throughout the change in time, companies adjust their way of working according to 

opportunities that occur. In this case, the technology itself is not a reason to change the business 

model, but it causes a chain reaction of opportunities that eventually causes changes in the 

business model, suggesting that the firms in our sample that does not deliberately aim for 4.0 

rather follow evolutionary business model change process than an innovative one (Saebi, 2015, 

p. 150). These changes on their turn make sure that the  business model works around the 

current developments. Eventually, achieving the strategy is the most important thing for the 

sample firms and companies reflect upon the strategy whether or not to implement, for 

example, new technology. If the new technologies, in this case industry 4.0, is being perceived 

as a value adding factor, companies will use this as a resource that, on its turn, will enable 

opportunities within the rest of the business model.  

 

Chesbrough (2010, p. 362) states that a great business model with a moderate technology 

provides more value than a moderate business model built around a great technology. This is 

also something that shines through in our study, which also was mentioned in previous chapter 

regarding firms positioning to industry 4.0 in reality. All of the participants can see and 

understand some, if not most, of the positive aspects the techniques in industry 4.0 bring along. 

However, they also put them into perspective with the compatibility of their operation. When 

looking back at the theory provided by Saebi (2015, p. 150). We see that the types of business 

model changes that occur within our sample firms can be named as business model evolution. 

In business model evolution, the current model is being incrementally adjusted by improving 

value creating, value delivering, or value capturing activities. A key point is that this has to be 

done effectively. This is in line with the role industry 4.0, in terms of technology, has in the 

business models of our sample firms. LF1, LF2, and LF4 also indicated that the changes occur 

incrementally, which is in line with other theories that state that this is being preferred by 

companies with an established business (Bohnsack et al., 2014, p. 298; Khanagha et al., 2014, 

p. 326). However, when looking at theory provided by Foss and Saebi (2017), we can state 

that, the model provided in subchapter 2.3.2. is only applicable to business model innovation. 

We would like to present our own model, which will be applicable to business model evolution, 

instead of innovation. We will keep the same criteria in scope, modular and architectural, and 

novelty, new to firm and new to industry. When the segments are intertwined, which is the case 
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within our sample firms, and therefore cause a chain reaction when one of the subsegments is 

being changed, the scope of the model is architectural (Foss & Saebi, 2017, p. 216). 

Furthermore, the novelty can still be seen as new to the industry, since companies have a wide 

range of responses on industry 4.0 and some of them have not even heard about the definition. 

When looking at the table provided by Foss & Saebi (2017, p. 205-207) and applying the 

information of our sample firms regarding business model evolution, we can present table 10. 

By combining the empirical findings and the theory presented by Foss and Saebi (2017), we 

can conclude that the changes that have occurred within our sample firms, in relation to industry 

4.0, fall under complex business model evolution.  

 
Table 10 Industry 4.0 adaptation of Foss and Saebi (2017) table “Business model innovation typology” 

 

 

 

Novelty 

Scope 

 Modular Architectural 

New to firm Evolutionary BME Adaptive BME 

New to industry  Focused BME Complex BME 

 

5.3 Inertiae in reality 

In the end of the theoretical framework about interiae and business model innovation, we 

developed a figure to illustrate how inertiae relate to changes in different concept of a business 

models nature. We categorized them by using Wirtz et al. (2016, p. 44) their explanation on 

how business model components tend to be of strategic, market, or value creating nature. 

Applying Johnson et al. (2008, p. 54) their concept of a business model, allowed us to put the 

inertia into a practical perspective. Keeping in mind that we focus on the internal operation of 

the firms and therefore overlook the market category presented by Wirtz et al. (2016, p. 44) as 

well as the value proposition in the Johnson et al. (2008, p. 54) model. We will first go through 

each firm and the inertea that were applicable in their case, a short recap on how the inertiae 

are being described in the theoretical framework will be given as well. Afterwards we provide 

a general discussion of the respondents and their relation to the theoretical inertiae 

 

LF1 copes with various types of inertiae, the ones that we found during our interviews were 

resource immobility, cultural resistance, strategic commitment, and asymmetrical interests. 

LF1 has a well-established production line, that is, according to LF1, hard to change. This is in 

line with Freeman and Engel (2007, p. 117),who suggest that the scale of large firms often 

results in a complex system process. Something that both could be caused by the size and well-

established system. Another way LF1 expresses resource immobility is by their dependence on 

human labor located at checkpoints in the production line. LF1 explains that there are some 

areas where machines can compete with humans. This is closely related to the next inertia, 

strategic commitment. LF1 states that employees are a vital part of their business, and that the 

presence industry 4.0 won’t change that. Both Hill and Rothaermel (2003, p. 271) and Saebi et 

al. (2017, p. 276) express that one of the things that determines a firm its unlikeness to pursue 

a new technological opportunity, is their commitment to a strategy that contradicts the path of 

the technology. This is something that we can see in this case, where industry 4.0 is built around 

machinery and their communication and cooperation, the high value of employees might be an 



 

74 

 

inertia in the implementation of industry 4.0. However, in practice we see that LF1 is convinced 

that the drivers of industry 4.0 and the workforce go together, meaning that strategic 

commitment is not an inertia related to industry 4.0. Furthermore, besides from being a vital 

resource for the operation, people also slowed down, and hinder, development in other ways. 

One of these challenges is to make everyone understand the importance and benefits of the 

development. According to LF1, both the people and the management have difficulties to 

understand the IT side of the operation. That is also according to Cavalcante (2014, p. 460-

461) his theory, one of the reasons why organizational culture collide with implementation of 

new concepts. Employees that are distant from the management might have a hard time to see 

the necessity as a result of being dislocated from the underlying strategic choice (Cavalcante, 

2014, p. 461). The second human interference is the presence of people their interest and 

opinions. LF1 states that there are always people in the operation that are of a conservative 

nature and want to keep it as it is. In our theoretical framework previous literature expresses 

that for innovation and technical transitions to occur smoothly, it is optimal that there is a 

willingness across the whole operation (Doz & Kosonen, 2010, p. 378; Freeman & Engel, 2007, 

p. 97; Sosna et al., 2010, p. 402). We applied an agency theoretical scope to explain that 

whenever there is a principal and agent situation, there is a possibility for colliding interests in 

form of asymmetric information distribution and different values (Hölmstrom, 1979, p. 74; 

Spence & Zeckhauser, 1971, p. 387). We argue that the conservative nature of some of the 

parties in LF1 is an example of how a principal and agents interest might collide. 

 

LF2 states that the company is driven by a vision of always be smarter than their competitors. 

This is a leading factor to why they implement drivers of industry 4.0. We argue that this state 

of mind falls close to path-dependence in a combination to strategic commitment since they 

always drive towards being the smartest in the market. This cognitive behavior could be a path-

dependent factor due to the fact that their way of thinking is a constant factor in their way of 

operating (Bohnsack et al., 2014, p. 285). However, it is a vision that promotes constant change. 

It could therefore be argued that it is the opposite of an inertia when it comes to the physical 

properties of the firm, but it is an inertia/factor that prevents the firm from changing their 

overall vision. Furthermore, in the interview LF2 expressed that their main strategic goal is to 

maintain their Western Europe labor force. This could arguably be seen as an inertia caused by 

strategic commitment, but LF2 expresses that this strategy is not something that interferes with 

their technical development, and therefore, it is not considered as an inertia related to industry 

4.0.  

 

LF3 experienced the same cultural resistance as LF1. Where LF1 had the challenge to make 

everyone understand the importance of IT, LF3 feels that the communication with the IT staff 

was challenging at first. LF3 explained how the IT guys were the first ones he had to convince 

about these plans. Besides that, the implementers in LF3 also encountered an interest collision 

with some of the managers whom expected faster results expressing that the progress did not 

go fast enough. We believe that this is partly due to asymmetric information distribution 

(Hölmstrom, 1979, p. 74) between the parties, resulting in that management failed to 

understand the complexity of the processes adaptation. However, It could also be caused by 

the organizational culture on a managerial level. We argue that it depends on whether or not 

you consider the managers as a group of individuals distinctly dislocated from the strategic 

choices of the technical or IT part of the operation (Cavalcante, 2014, p. 461). Furthermore, 

LF3 expressed that some processes in their production are dependent on human capabilities. 

Meaning that on some tasks they do not have the option to exchange humans to machines. An 

example of this are the taste and smell stations that are a vital part of the operation. We argue 

that this could cause immobility in resources, because the lack of substitutes makes the total 
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production line less flexible and other processes need to be designed around the human driven 

station. One could argue that this is a form of path-dependency, however, we argue that this 

inertia is not due to a state of mind, but due to a situation where there are no possible 

alternatives. In the theoretical framework we explain that path-dependency is related to a 

cognitive behavior of being stuck in the way they operate and therefore unable to evaluate 

alternative options (Bohnsack et al., 2014, p. 285; Doz & Kosonen, 2010, p. 370-371). LF3 

also experienced that various production lines of their facilities needed specific attention during 

the process of developing programs to run the lines. Suggesting that the diversity of the 

production lines made the digital installation process last longer. This resulted in a decrease in 

operational agility, in other words the scale of the production decreased mobility of the 

resources (Sambamurthy et al., 2003, p. 245-246). 

 

LF4 also experienced resource immobility. But in LF4 its case it occurred on a managerial level 

instead of the constraints in production line. LF4 stated that the constraints are mainly based 

on people. It is important to note that LF4 expressed that the management is fully committed 

to the idea but are unable to be active in questions regarding industry 4.0. LF4 explained that 

the people that support the idea do not, on the other side, not have time to fully commit to it. 

The participant suggested that their managerial resources are too caught up in the day-to-day 

business to be able to efficiently participate in the transition to industry 4.0. Furthermore,  

communication, evaluation, and resource allocation are still part of the firm its operation, as 

well as the scale of the operation seems to have an inhibiting effect on those processes in 

relation to industry 4.0. We therefore argue that it is mainly a result of these resources being 

immobile. Furthermore, it can also be interpreted as a conflict of interest. LF4 explained how 

the management focuses on their job and does not want to lose time on long-term projects and 

changes. Potentially, meaning that they value the current performance, while LF4 values 

potential benefits. It could also, as mentioned in LF3, be a case of cultural resistance on a 

managerial level, since LF4 states that managers don’t want to be burdened with new projects, 

or new stuff to learn. The managers do not understand the benefits of pushing towards 

implementation. One thing that was interesting to see is that the technical development got 

huge support by the employees on the work floor. This is the opposite of an inertia. Chesbrough 

(2010, p. 362) states that a strong organizational culture is a great asset in maintaining 

productivity and efficiency during the transitional process. This is something that has a strong 

presence among the employees of LF4. This provides use with the example where a strong 

operational culture could not be an obstacle due to resistance, but an asset consisting of support. 

Another inertia that we encountered during the interview with LF4 is related to the static nature 

legal system in relation to fast developing technologies, however this inertia is beyond our 

theoretical framework. This is partly because this study focuses on the internal operation of 

business, and inertiae in the legal system go beyond those borders. LF4 states that they are 

prohibited by law to use cameras as a control tool at one of the checkpoints, even though LF4 

argues that cameras can be more accurate in spotting detail than the human eye. 

 

First of all, in our study we found that, as discussed previously in sub chapter 5.1.1,  SME1 is 

not invested into industry 4.0, therefore we asked the participant what kind of obstacles there 

where that hindered them from further development/investments. SME1 expressed that the 

challenge to attract investors to finance the development would be the main challenge for them. 

In our theoretical framework, this falls under the term capital constraints, it is natural that small 

firms have less capital resources (Freeman & Engel, 2007, p. 94), as well as both, generally 

spoken, tangible and intangible resources (Bengtsson & Johansson, 2012, p. 420). We found 

SME1, one of the managers from a business unit that takes care of the production as part of a 

large business, to be a special case. The factory supplies two firms that distribute the product, 
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assembled in the factory, to different parts of Europe. SME1 expressed that they are not 

involved in constructing a strategy regarding the factory. Therefore, it is arguable that the 

factory is deeply dependent and imbedded in a value network. However, as a business unit, the 

purpose of the company is to only supply two firms with their product. Besides the inertiae that 

we encounter during the interview with SME1, SME1 also expressed that their products are 

too complex to combine with the available technology. This means that the production process 

varies too much from order to order and that a fully automatic system would not be able to 

perform the production. 

 

As mentioned in subchapter 5.1.1, regarding the firm's positioning towards industry 4.0, SME2 

falls under the same category as SME1, since none of them has implemented drivers of industry 

4.0. Furthermore, SME2 expressed that cost of implementation is beyond their resources. Both 

the initial investments to make the workshop industry 4.0 ready and the cost of wages, to attract 

employees that can implement and maintain such systems, are too high. Furthermore, SME2 

expressed that the expected benefits they would receive were not large enough in relation to 

the high initial cost. Their production processes are built around standard measurement and 

low precision processes. It is therefore, arguable that the firm is driven, or development is held 

back, by path-dependency. Thereby suggesting that they cling to current production processes 

(Doz & Kosonen, 2010, p. 370-371), resulting in a decreased capability to evaluate new options 

(Bohnsack et al., 2014, p. 285). However, because SME2 expressed a positive attitude towards 

industry 4.0, and the fact that the capital constraints are such a major factor, suggests that they 

would probably push, on an incremental level, towards industry 4.0 if they could. In this case 

it seems like SME2 is one of the firms that hold their supply chain its transition back, since 

their suppliers are the ones that provides presentations and lectures in industry 4.0 for their 

customers. In the theoretical framework we define network embeddedness as the resistance that 

is being born when at least one party in the value network is highly invested into an incubated 

technology, resulting in a reluctance of investing into a new technology (Freeman & Engel, 

2007, p. 94). One of the benefits that SME2 responded to is the positive integrating effect 

industry 4.0 has on the supply chain. Network embeddedness disrupts communication in an 

aligned technological supply chain, as it ends at the point in the chain where the technology is 

not installed. However, the fact is still that SME2 cannot afford the technological transition at 

this point of time, so in this day and age it is not a question whether they resist by choice. 

 

SME3 expressed a disbelief that the industrial real is something real, or that we have yet to 

experience achieving something what the term industry 4.0 promised. We argue that SME3 is 

too small for cultural grouping to occur within the firm, however, that the culture of the whole 

firm might affect their effort to implement industry 4.0. SME3 is present in the production in 

which a machine, that contains some of the drivers of industry 4.0 is being produced. SME3 

expressed that the major constraint for further development in SMEs is the limited capital 

resources. By now it is clear that all of our SME participants experience that capital is a central 

topic for further development. SME3 might fall into a network embedded situation in the future, 

the firm expressed that they are interested in future implementation of the drivers in their 

products. However, in the interview the participant expressed that even though their customers 

that have a huge production line, do not tend to be extremely technologically advanced. A 

situation where the customers do not feel the need to invest in industry 4.0, might affect SME3 

its path of development. Similar to what we expressed regarding SME2, and further discussed 

by Freeman and Engel (2007, p. 94), in a situation where the customers of SME3 do not feel 

that industry 4.0 would benefit them. In that case SME3 would need to limit their 

implementation of the drivers or change their value network. 
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During the period of our study, non-flexible operational structure and strategic commitment 

were the two inertiae from our theoretical framework that did not come across. Hill and 

Rothaermel (2003, p. 271) state that a bureaucratic structure tends to slow down processes that 

are outside the daily operations, such as evaluation and decision making towards new projects. 

We found that strategic commitment could be an inertia for change in general, but that it was 

not the case with industry 4.0 in relation to our sample. Furthermore, We found that some of 

the inertia did not relate to all of the firms, which is logical as we express that some of the 

inertiae are specifically related to the size of the firms. Table 11 provides a summary of what 

inertia we found in relation to our sample firms. For example, capital constraints are a 

phenomenon that, according to, our theoretical framework mostly applies to smaller firms. 

Whereas immobility of resources and cultural resistance would be more present in larger firms, 

These are findings that being by our theoretical foundation. Moreover, our theoretical 

framework suggests that SMEs have an advantage towards larger firms in the form of 

operational agility (Bengtsson & Johansson, 2012, p. 420). Which is defined as the rapidness 

a firm can alter the operation to explore an opportunity (Sambamurthy et al., 2003, p. 245-246). 

This is because smaller firms are less limited by the complexity that comes with a large 

operation (Freeman and Engel, 2007, p. 117). We argue that this could be why none of our 

SME participants expressed constraints due to resource immobility. Furthermore, in our 

theoretical framework we superimpose that the scale of the operation is directly related to the 

amount of agency problems that occur in a firm. Our findings support that friction between 

principals and agents occur more often within a large firm than in smaller operations. We 

believe that this could be explained by the logical reasoning that there are more principals and 

agents, as well as that there are more tiers in the operation which results in a larger power 

distance from top to bottom. We further believe that another aspect that could influence why 

some inertiae might not be present in most of the firm is their current positioning towards 

industry 4.0. For example, SME1 and SME2 have not performed the transition in practice, 

which arguably means that the firms their workforce might not have been provoked in the same 

manner as in the case of LF3, where the process of implementation have had time to affect 

them to a higher degree. One example of this would be that if implementation has not been set 

into motion, then the operational culture has nothing resist to. 

 

Moreover, we believe that capital constraints are the threshold inertiae, all the other inertiae 

have been described as manageable. All the previous firms provide examples on how they have 

coped with, and worked around, inertiae, but when it comes to capital constrains the only 

solution seems to be to get investments. When constructing this study, we thought that small 

firms would have a way to work around capital constraints by being, for example, very 

operationally agile. SME3 provides an example of an SME that is incrementally implementing 

drivers into their machines without having an extensive surplus of capital. It is important to 

note that SME3 is the youngest firm in our sample and theoretically should therefore be the 

less embedded in technologies and production lines, or explained by applying Christensen et 

al. (2016, p. 8) their theory that business models tend to become less flexible over time. We 

argue that one could suggestively state that SME3 was born into industry 4.0 in opposition to 

the situation of  SME1 and SME2. 

 
Table 11 Inertia among sample firms 

Participant code Inertiae 

LF1 Asymmetrical interests 

Cultural resistance 

Resource immobility 
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LF2 Path-dependency 

LF3 Asymmetrical interests 

Cultural resistance 

Path-dependency 

Resource immobility 

LF4 Asymmetrical interests 

Cultural resistance 

Resource immobility 

SME1 Capital constraints 

SME2 Capital constraints 

SME3 Capital constraints 

Cultural resistance 

Network embeddedness  

 

In our theoretical framework, we mention that some of the inertiae resemble one another in 

some cases, but that the definitions provided by respective authors were to distinguish them 

from each other. For instance, we discuss that path-dependence is related to both the strategic 

components of a business model as well as the value creation processes, while strategic 

commitment only targeted the strategic components of the operation. When applying our model 

into practice we found that this relation between the inertiae still exists, but that they do not 

explicitly have to correlate. In other situations, we found that the theoretical distinction 

becomes very vague in practice. One of these cases is the distinction between resistance due to 

a strong operational culture and the asymmetrical interest related to principal and agent 

dilemma. In our empirical findings we found that organizational culture often could be 

explained by the same logic as based on the asymmetrical interest, supported by Freeman and 

Engel (2007, p. 97) their statement that this phenomenon has a possibility to exist everywhere 

where there is an employer/employee relationship. The distinction we made between these 

inertiae is that cultural resistance is based on the inability to understand the larger picture or 

strategic reason behind the technical transition (Cavalcante, 2014, p. 461). 

 

During the conduction of this study we also found inertiae that were not on our theoretical 

framework. These are the legal constraints expressed by LF4, the regulations of the legal 

systems develop slower than the technical development. Therefore, hindering technical 

application on tasks where it would be more convenient, safer, or efficient to use them. The 

second one is the complexity of the production processes. SME1 argues that their production 

is too diverse meaning that they could not efficiently benefit from implementing a fully 

automated and integrated production system. One could argue that this is the result of path-

dependency or resource immobility. But without more detailed data regarding the context of 

their production we believe that it would be regarded as a separate product of inertia. The final 

inertia we encountered is that SME2 expressed that their geographical area had a limited supply 

of specialists in the area, which limited the transition of firms that did not internally possess 

the knowledge and know-how on how  to implement industry 4.0.  
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5.4 Summarizing the analysis 

After discussing the theoretical findings in combination with our empirical findings we can 

draw the following conclusions; 

 

• All large firms have, at least, implemented some drivers of industry 4.0 (Fatorachian & 

Kazemi, 2018) but there are only two that see industry 4.0 as the future way of working 

and therefore are also further in the implementation of the drivers. The other two large 

firms admit that they merely look for the most advancement technologies on the market. 

• 2 of the SMEs run behind, compared to large firms, concerning the implementation of 

industry 4.0, but admit that implementing the drivers is not feasible for them at this 

moment. The third SME is among the large firms when it comes to industry 4.0 

advancement, but does not believe in the concept of industry 4.0 

• All firms agree upon the fact that industry 4.0 should not be implemented at all costs, 

instead firms should look whether or not industry 4.0 fits their production and 

optimizing factors such as, IT and automation are more important than the 

implementation of industry 4.0 itself. 

• When looking at the segment of the Johnson et al. (2008) business model, firms do not 

purposely change their business model, but industry 4.0 is, as technology, a subsegment 

of key resources that enables changes in the rest of the business model.  

• Due to the fact that the segments are intertwined (Johnson et al., 2008; Foss and Saebi, 

2017) a chain reaction of changes occurs throughout the key resources and key 

processes within the business model. Mostly people, manufacturing, network, and 

information see changes. 

• The profit formula does not see many changes. The production might be more efficient 

(Müller, 2018), however firms stress that the implementation of drivers and the increase 

in workforce also increase costs. 

• Large firms experience different inertiae to change as mentioned in our theories (e.g. 

Bohnsack et al., 2014; Christensen et al., 2016; Cavalcante, 2014; Bengtsson & 

Johansson, 2012), however they are not deciding in terms of not implementing change 

but can merely be seen as challenging factors. 

• SMEs, on the other hand, experience capital constraints (Bengtsson & Johansson, 2012; 

Freeman & Engel, 2007) as the deciding factor that hinders them from making, industry 

4.0 related, changes.  

• Strategic commitment which has been mentioned as an inertia for large firms  

(Camillus, 2011; Hill & Rothaermel, 2003; Saebi et al., 2017), however, in terms of 

industry 4.0, the company strategy turned out to be the deciding factor for investing in 

the phenomenon. Large firms consider strategy as their holy grail and will look for ways 

to achieve their vision. No matter if firms are convinced of the concept or not, the 

drivers are being considered as tools to achieve their goals.  
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6. Conclusion 

In this chapter we are going to conclude the findings of our study. We will first present answers 

to the research question that was set up in the beginning of the thesis. followed up by a 

presentation of this studies impact in the theoretical areas those thesis attend. Finally, present 

what managers of the practical business environment gain for the research 

6.1 Addressing the research questions and fulfilling the aim of the study 

After performing the analysis, we come to the point where the research questions have to be 

answered. The research questions, as already being presented in subchapter 1.5, are the 

following: 

 

Research Question 1: What differences can be observed when comparing the positioning and 

perception of SMEs and large firms towards industry 4.0? 

 

Research Question 2: How does industry 4.0 influence the business models of SMEs and large 

firms? 

 

The first important conclusion we can draw from our research is that industry 4.0 is not as well-

known in the real world, as it is in the academic and scientific world. Based on the comparison 

between our findings and the way how industry 4.0 is being portrayed, we consider industry 

4.0 as a religion to which the mindset of the people is being dedicated. However, when people 

are not convinced about the concept as a whole, the concept becomes almost nonexistent in 

their daily life. On the other hand, this does not mean that industry 4.0 is completely absent in 

the minds of the non-believers. Where in a religion, the pillars of that religion can still be 

considered as a successful way to live a better life or become a better person. In this thesis, the 

drivers of industry 4.0 are still being considered as beneficial tools to run a successful business. 

 

When looking at the main research question “What differences can be observed when 

comparing the positioning and perception of SMEs and large firms towards industry 4.0?” our 

findings conclude that all of our sample firms, at least, believe that the drivers of industry 4.0 

can be beneficial to their companies. Even though there is a wide range of perspectives within 

the large firms, they all have implemented drivers of industry 4.0. All of the available drivers 

have been implemented through the sample firms. Mostly the CPSs are present throughout the 

implementers. Two of the sample firms can be viewed as believers in the industry 4.0, which 

also can be seen in the positioning of the company. Where large firms, in general, are more 

industry 4.0 advanced than our smaller firms, the SMEs are facing different constraints when 

thinking about implementing the drivers. The positioning of the large firms can be traced back 

to the fact that capital constraints do not belong to the inertiae they are facing. This makes in 

apparent that, no matter the perception on industry 4.0 and its drivers, implementing them does 

strengthen the competitive advantage and money would be the only reason to stop the firms 

from investing in it. Here large firms have an enormous advantage over SMEs. Besides the 

capital constraints, all the SMEs mention how the complexity of the product and the production 

line affect the implementation of industry 4.0. This seems to be a mindset that is only present 

in the smaller firms, since the large firms do not mention this as a constraint when investing in 

new technologies. On the other hand, the inertiae that are being mentioned by the large firms, 

do not impact position towards industry 4.0 and its drivers and therefore can be viewed as 

challenges to get everyone on the same page. Where SMEs really run into brick wall, because 

of the capital constraints they are facing. Within large firms, most of the inertiae seem to be 

about setting expectations and convincing everyone about the benefits of the change in 
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operations. These inertiae can be overcome with the right forms of communication, but the 

stubbornness of people can still cause headaches 

 

Besides the similarities in inertiae that the SMEs are facing, an interesting difference in 

positioning, that gives reason for further research within the SMEs, can be drawn. SME3 is 

more advanced in industry 4.0 when it comes to positioning, however perception-wise they are 

more skeptical towards industry 4.0. As we have already discussed briefly in the thesis, the 

possible reason for this might be the position in the supply chain and/or the age of the company. 

However, since we have not focused on these aspects in this research, we cannot build a well-

grounded theory around this observation. 

 

As far as the opportunities of industry 4.0 go, it is important to put them into perspective. Where 

all the participants see the benefits of, at least, the drivers, all participants are on the same page 

when it comes to the reasons behind implementing them. No matter SME or large, our sample 

firms all agree that an organizational fit is leading when deciding on investing in, and 

implementing, industry 4.0. This organizational fit is important for both large firms and SMEs. 

Especially small firms should not just implement the drivers because there are, theoretically, 

so many benefits. The consequences of a failed investment are bigger and can, potentially, 

make an organization go bankrupt. The importance of organization fit is also in line with the 

perception that the need for industry 4.0 in SMEs is, at this moment, less. Where industry 4.0, 

for large firms, is being seen as a way to follow their strategy, it seems that SMEs have different 

priorities in place. Besides the fact that surviving itself, is a more important task for SMEs, 

investing in automation and IT, as stand-alone definitions, are being mentioned as top priorities 

before SMEs should engage in industry 4.0. For large firms, strategy is leading, and that 

strategy is leading for all decisions that are being made. Industry 4.0 is merely being seen as a 

tool that helps large firms to achieve their vision. The benefits industry 4.0 and its drivers bring 

along are always being put in perspective towards the strategy.  

 

When answering the secondary research question “How does industry 4.0 influence the 

business models of SMEs and large firms?”, the role of business models in relation to industry 

4.0 becomes clear. Again, it is important to keep in mind that industry 4.0 is by none of our 

sample firms as the only solution to running a successful business. However, industry 4.0 

causes a chain reaction in the business models of our sample firms. Within the Johnson et al. 

(2008) business model, industry 4.0 as a technology, can be seen as resource. Due to the 

interlinkage between the segment of the business model, the implementation of industry 4.0 

enables changes in other segments as well. Different firms see different changes, nonetheless 

it is important to view industry 4.0 as an enabler for change in other segments as well. The 

SMEs, for example, that have not implemented the drivers of industry 4.0, have not seen any 

changes in their business model. Confirming that technology in general is not something 

companies build around.  

 

Based on the theoretical possibilities around the change of business model, we conclude that 

industry 4.0 causes business model evolution. Within the large firms, the technology played, 

in relation to the other subsegments, a similar role. All the large firms saw that the changing 

environment caused different processes and resources to change as well. All the segments 

within the large firms are intertwined with each other and therefore the changes around industry 

4.0 caused that chain reaction. The fact that the changes are applicable to all the firms can be 

accounted to the fact that industry 4.0 is new to the entire industry and therefore companies see 

their business model react in similar ways. The disruptive notion of industry 4.0 causes other 

processes and resources to react to this. Where industry 4.0 is, accordingly to theory, a way to 
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decrease the production costs of firms, we see that that the implementation costs are very high. 

Companies, when making initial investments in this technology, therefore do not see the cost 

benefits yet, but have to start by decreasing the implementation costs first. Furthermore, the 

cost that people, as an important resource within companies, bring along also increase in the 

changing environment. The role of people within the future is a key difference in the minds of 

SMEs and large firms, that also has consequences for the business models of firms. Where 

large firms mostly talk about the use of people in the future, small firms believe that people 

have to fear for their jobs once industry 4.0 rolls out of the world. This difference in mindset 

can be seen a race with the machines as opposed to race against the machines. The large firms, 

who have found room for people in their workforce, all indicate that the cost of people becomes 

higher, the more industry 4.0 and its drivers develop. 

 

6.2 Theoretical Contributions 

The findings of this study contribute to several theories. First of all, Hill & Rothaermel (2003) 

explain how large firms have a variety of disadvantages over small firms. Where in this theory 

the small firms are being labeled as more innovative due to constraints large firms have, our 

provides clarity that barriers that are being mentioned by Hill and Rothaermel (2003) should 

rather be seen as challenges instead of brick walls firms run into. Large firms do experience 

some of the constraints they mention, however it does not prevent them from investing in 

technology or making changes. In SMEs, as you can see in the next theoretical contribution, 

the constraints are more lethal. Secondly, we can say that we have added value to theories on 

inertia. When comparing all theory on inertiae to the empirical findings, we can state that in 

SMEs, the inertiae are more catastrophic and almost binding. Where Hill and Rothaermel 

(2003) link their subject to technological development only, when comparing the other inertiae 

to practice we can see that it is applicable here as well. As is being displayed in the summary 

of the analysis, similar inertia come back in large firms (e.g. Bohnsack et al., 2014; Christensen 

et al., 2016; Cavalcante, 2014; Bengtsson & Johansson, 2012) and SMEs (Bengtsson & 

Johansson, 2012; Freeman & Engel, 2007), however also differences between the differently 

sized firms can be spotted. Furthermore, we can also state that where several researchers 

(Camillus, 2011; Hill & Rothaermel, 2003; Saebi et al., 2017) how strategic commitment serves 

as an inertia, but in relation to industry 4.0 we can see that strategy is more of an enabler for 

deciding to implement drivers of industry 4.0. Foss & Saebi (2017) explain how in times of an 

opportunistic view on market developments business are, theoretically seen, more prone to 

business model innovation. In our research we provide an extension to that theory, that 

perceived opportunities can also trigger business model evolution. Furthermore, we 

complemented the Foss & Saebi (2017) business model innovation table. We can add to that 

model that, according to their architectural scope business model go through radical changes. 

We have seen that radical changes do not always have to occur when firms belong in this 

architectural scope. This study linked research on business models to research on industry 4.0. 

Before the research started we saw, as already stated in our gap, a mismatch between research 

on industry 4.0 and business models. Due to the novice and disruptive notion of industry 4.0, 

it needs the research in order to be understood. Finally, we have contributed to the Sommer 

(2015) theory. In this theory, the urgency of industry 4.0 in SMEs is being addressed. Our 

research puts in perspective that there are other factors for SMEs, and firms in general, to 

consider before making the move towards industry 4.0. 
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6.3 Managerial Implications 

The findings of our study are of value to companies that want to understand the role industry 

4.0 and its drivers play in the current production environment. Readers will gain understanding 

on this role from multiple angles and will gather information from both large firms and SMEs. 

Companies can compare their industry 4.0 advancement to companies with the same size which 

will give them a clear indicator how strong their position is. Furthermore, managers that are 

considering implementing industry 4.0, or the drivers, can use this thesis in order to understand 

the benefits that it brings in practice. The sample firms, by providing examples, explain what 

the changes have done to their production in general and what benefits they see in the factories. 

Predictive maintenance, more efficient production, and less waste can be counted to those 

benefits. On top of that, potential implementers are being provided with some points of 

attention that are very helpful in order to prioritize their decisions. Especially SMEs, who might 

consider industry 4.0 as necessary yesterday rather than today, will conclude that it is not 

industry 4.0 that should be the only future goal, but there are many other steps, for example 

automating and creating a thorough IT network, that come first. On top of that, readers can gain 

from the thesis that they can compare the theoretical perspective on industry 4.0 to the practical 

perspectives that exist. As being said, people that write of industry 4.0 might be biased and 

therefore sell industry 4.0 as a must have, but when managers read about the practical 

perspectives/positioning of their peers, they can filter out what is important to them. Besides 

gaining a better understanding on the topic in general, managers can also know what kind of 

effects a disruptive technology, in this case, industry 4.0 will have on their business model and 

what role it plays in relation to changes in other segments. This research makes it very clear 

that industry 4.0 functions as an enabler for changes and drives other segments to change as 

well. However, potential implementers also see that when a company does not implemented 

industry 4.0, the business model remains untouched and also does not to be changed or adapted 

in any way. 

 

6.4 Societal implications 

The findings of our study are focused towards SME and large firms and this stakeholder has 

already been explained in the previous chapter. However, the result of the study provided a lot 

of insights into the future labor market, primarily in terms of how firms view the functionality. 

The findings of this study propose that firms will continue to see human workforce as a valuable 

asset, as well as a resource that is hard to find a sufficient substitute for. This is in opposition 

to what our theoretical frame of reference suggests, which hints towards a future where 

functionality of machines will surpass that of humans. We argue that this finding is of utter 

importance as it proposes a future employment of citizens and therefore not a disruption in our 

current economic system which suggestively is built around wages, taxes and disposable 

income. Secondly, in this paper we study the fourth industrial revolution, as we mentioned in 

the problem background this means that there have been three transitions of this type before in 

history. We further argue that this report is a brick that together with other research creates a 

bridge for a transitions one environment to another, by explaining the situation our society are 

in, and thereby provide the different parties of the society with guidance to adapt to the 

changing environment. This regards the group of employees  that was mentioned previously. 

But also provides difference segments of a supply chain with an understanding of parties both 

upstream and downstream. In terms of why and how they push towards industry 4.0, or why 

these sections might not manage to follow in the transitional phase. Finally, one of our findings 

suggest that the government institute of law and legislations are not prepared for a transition of 
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this nature, that the reevaluation of laws are to slow in comparison to the technical development 

rate, thereby resulting in restrains in applying beneficial instruments. 

6.5 Limitations of the Study and Further Research 

In every research there are some limitations that have to be addressed. These limitations have 

to be taken into consideration and can affect the outcome of the research. Both time and capital 

constraints have formed this study. Due to limited capital resources, a large majority of the 

interviews have been conducted over phone, instead of face-to-face. Face-to-face interviews 

would have been more desirable since the non-verbal reaction of the participants could have 

been read and therefore used to base follow-up questions upon. Furthermore, in the 

methodology we discussed a video-chat application, such as skype, as a good alternative for 

the lack of face-to-face interviews. However, this appeared to be impossible since most of the 

interviews were not being conducted with the use of an internet connection, or the participants 

were “on the go” and therefore could not engage in a video call.  

 

The limited time span of the study also limited the scope of the subjects. We have chosen to 

limit the research of this study in order to narrow down two very broad subjects. Initially we 

wanted to investigate to relationship between business models and automation each. The 

business model has been, as already been mentioned, narrowed down to key resources, key 

processes, and profit formula. This means that the value proposition of the companies has been 

left out. Automation on the other hand would include too many factors and be too broad. Even 

though industry 4.0 is linked to automation, investigating the entire field would have given a 

better overview.  

 

The choice for the three segments of the business model was made, since, initially, we thought 

that those segments would be most affected by industry 4.0. However, the effects of industry 

4.0 on those segments cannot be fully measured. A different research approach, such a 

longitudinal study, case study, or observation among the different firms, might have been a 

better way on how to explain the effects industry 4.0 has on the business model of firms. 

Furthermore, business models, and firms in general, are not the same and therefore the effects 

cannot be fully transferred to the entire setting. However, these above-mentioned research 

approaches require a large amount of time and this was another limitation of the research. More 

time would also give future researchers the possibility to study all the segments of the business 

models. 

 

Furthermore, this research does not have an equal representation among the different sizes of 

firms. When having an equal representation, both sides of the story could have been heard and 

analyzed better. This can be accounted to time constraints as well. The number of firms within 

our sample can also be seen as a limitation, with more time we would have been able to find 

more participants which is always desirable. However, we do believe that we received enough 

information to perform a thorough analysis and therefore, besides the actual representation, a 

larger sample cannot be considered as necessary. 

 

Besides the difference in research approach, we advise future researcher within this topic to 

investigate two interesting findings that we could not investigate. These two fields have already 

been mentioned shortly in the conclusion but will be explained in further here. Those areas of 

research include the supply chain position in relation to industry 4.0 and the age of small firms 

in relation to industry 4.0 While doing the interviews and looking for background about the 

firms we analyzed different positions in the supply chain between the smaller firms. We 
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observed that the small firms who had not implemented any of the drivers are more downstream 

in the supply chain, whereas the most industry 4.0 advanced SME can be located more 

upstream. However, another difference between these companies is their age. Even though 

being briefly mentioned in the research, we could not include this information, as 

groundbreaking, in our conclusion. This was due to the fact that these factors had not been 

considered while constructing our theoretical framework and therefore had not been included 

in the interviews. This can be considered as side observation that provides an interesting area 

for future research. Within business administration, it would be interesting to observe to 

relation between technology and the position in a supply chain, age, or both. Researchers that 

choose to pursue this area of research should be aware of the earlier mentioned limitations. A 

research approach that provides researchers the time to really scrutinize findings and 

developments will benefit the outcome of the research.  

 

Finally, this further research can provide a more detailed overview, when focusing on a single 

industry. In our case we focused on the manufacturing industry, within our definition, however 

by going more into detail in a specific industry more tailored results can be found. 
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7. Validity 

Validity is in many ways most central evaluation criteria (Bryman & Bell, 2015, p. 50). Validity 

is referred to how appropriate the method, data, and processes choice are in relation to a study 

(Leung, 2015, p. 325). Another criteria that is often used is reliability, however, this criterion 

is more often used in quantitative studies (Bryman & Bell, 2015, p. 49). Some authors argue 

that the qualitative research should be evaluated differently than quantitative research, due to 

the diverging nature of the both (Bryman & Bell, 2015, p. 400). Lincoln and Guba (cited in 

Bryman & Bell, 2015, p. 400) state that there are more appropriate criteria in regard to 

qualitative studies, these are; credibility, transferability, dependability, confirmability, and 

authenticity. The first four criteria represent the trustworthiness of the study, authenticity 

involves political impact of the research. We will present the five counter criteria presented by 

Lincoln and Guba (cited in Bryman & Bell, 2015, p. 400) and define their functionality as 

substitutes to validity and reliability 

7.1 Credibility 

Credibility is defined as a parallel criterion to internal validity, both address the appropriateness 

between observations and the authors their theoretical foundation (Bryman & Bell, 2015, p. 

400-401). As quantitative research sets out the masseur and tests the theoretical framework 

(Bryman & Bell, 2015, p. 50) and therefore it puts emphasis on the match between the 

theoretical idea, methodology and observation to ensure that the research measures what the  

study is intended to measure. In a qualitative study the researchers have to take into 

consideration that the study is conducted in a social setting, adding the dimension of individual 

interpretation of subjective concepts (Bryman & Bell, 2015, p. 400-401). With this in mind we 

implemented respondent validation under situations of uncertainty. When in doubt of what the 

participants intended with their statements, we underwent further communication to avoid 

misinterpretation. We argue that this action is of most importance as some of the interviews 

were conducted in other languages and therefore might lose meaning during the translation 

process. 

7.2 Transferability 

Transferability is described as a parallel criterion to external validity, both criteria address the 

applicability of a study towards other similar subjects. However, external validity tends to 

strive towards providing a generalizable result. A problem arises in a qualitative study, because 

the sample of the study is relatively small it is inappropriate to draw a general conclusion. 

Transferability emphasizes the process of providing sufficient background information in order 

for the reader to determine in which situation the findings of research would be applicable 

(Bryman & Bell, 2015, p. 401-402). In the presentation of the data  we strived towards 

providing a sufficient fundamental description of the background and nature of our sample, 

within the boundaries of our anonymity and confidentiality considerations. Furthermore, our 

theoretical frame of reference provided a thorough presentation of how we define the 

phenomena as well as discussion on the development in the scientific areas. It is also important 

to note that, as far as we know, the concept of industry 4.0 is a new concept, it is hard to predict 

how the situation around the concept will change. 

7.3 Dependability 

This criterion covers the same area as reliability. Bryman & Bell (2015, p. 403) state that to 

achieve a dependability as high as possible, the authors should act in the role of an auditor, 
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which includes storing documentation in all stages of the research process. These types of 

documents consist of, for example, selection of participants, transcripts of interview, and data 

analysis decisions. However, Bryman and Bell (2015, p. 403) express that a potential problem 

is that qualitative research tends to produce enormous amounts of data, making the auditing 

process inconvenient. In this study we do not intend to go through the effort of keeping a hard 

copy archive. Instead we created a storage folder stored on the internet. 

7.4 Confirmability 

Bryman and Bell (2015, p. 403) state that, due to the subjective nature of the performing 

research in a social setting, it is impossible to be completely objective. One reason for this is 

presence of potential biases discussed in subchapter 3.1, preconceptions. We argue that we 

manage to mitigate the risk of subjective interference of personal values and preconceptions, 

through critical self-reflection and cooperative sessions with colleagues and the participants, 

as mentioned in previous chapter on 7.1 credibility.  

7.5 Authenticity 

Guba and Lincoln (cited in Bryman & Bell, 2015, p. 400) express that authenticity can further 

be divided into five sub-criteria, fairness, ontological authenticity, educative authenticity, 

catalytic authenticity, tactical authenticity. Fairness means that the viewpoints of all members 

of the sample have been treated with respect  (Bryman & Bell, 2015, p. 403). We have ensured 

that the viewpoint of the both of sample groups were represented equally and that the interviews 

followed a similar structure while emphasizing on adaptation of the questions to fit the two 

distinct groupings their situation better. Ontological authenticity addresses the importance of 

providing a contextual understanding of the sample participants and members of the same 

social setting  (Bryman & Bell, 2015, p. 403). Our thorough presentation of our theoretical 

foundation provides a fundamental perspective on the theoretical aspect of the study. 

Furthermore, we argue that we provide a clear presentation of the ontological standpoint that 

shaped this study. Educative authenticity addresses how the research manages to extend the 

understanding of the studied phenomenon outside of the own perception (Bryman & Bell, 2015, 

p. 403). Our research applies novel theoretical concepts under consolidation, as well as 

phenomena that have not been thoroughly studied into a practical setting. We believe that this 

provides a bridge that assists members of the social setting to understand an academic 

perspective on subjects in their environment. Catalytic authenticity emphasizes on the fact that 

a research should inspire change (Bryman & Bell, 2015, p. 403). We argue that by providing 

insight on how our sample views, and pursues, the business environment in the technical shift 

of the industry, which enables guidance for members of the social setting that feel an uncertain 

about the concept. Tactical authenticity concerns whether or not research manages to empower 

change among members (Bryman & Bell, 2015, p. 403). This research concerns providing 

insights in the necessary steps as well as the size specific challenges that the members of a 

social setting might encounter. We do however believe that insights of our participants  their 

experience within the subject potentially inspires members to picture themselves in a similar 

situation. 
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Appendix  

 

Appendix 1 Interview Guide implementers 

1.     What does industry 4.0 consist of according to you? 

2.     In practice; Which drivers of Industry 4.0 have been implemented at [company name]? 

a.   Which adjustments have been made to the factories? 

3.     On what scale did you implement the changes in practice? Incremental or radical? 

4.     What was for [company name] the reason to join the Industry 4.0 trend? 

5.     What are points of attention for companies that want to implement drivers of Industry 

4.0? 

6.     Can you explain the (potential) benefits of implementing industry 4.0 in [company 

name]? 

7.     Did [company name] purposely changed its business model during the transition to 

Industry 4.0? 

a.   If Yes, how? 

b.  If No, why not? 

8.     If [company name] has changed its business model do you see changes one of the 

following segments 

-        Profit formula 

-        Key Resources 

-        Key Processes 

9.     How long did it take to transition to Industry 4.0? And which steps are you currently still 

planning to take? 

10.  Which difficulties or constraints when allocating resources for the alteration of your 

operation? 

For example: Resource immobility? Capital constraints? Insufficient resources to 

manage knowhow, capabilities? conflicting interests in management? 

11.  How did your workforce react to the changes? 

12.  How did the transition challenge the current strategic path? Did you form the 

technologies around your operation or did you feel the need to reform your operations in 

order to fit them in to your operation? 

13.  How did Industry 4.0 change your value network? Can you give examples? 

14.  What are your thoughts on Industry 4.0? 

15.  How does it change the future way of working in your eyes? 

-        Do you think that all production firms will more or less implement it over time? 
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Appendix 2. Interview Guide non-implementers 

 

1.     What does industry 4.0 consist of according to you? 

2.     What are your thoughts on Industry 4.0? 

3.     Even though you have shown interest in the SME 4.0 project, what is the reason for not 

implementing industry 4.0 yet? 

4.     Are you planning to implement Industry 4.0? 

If yes; When? and How? 

  If no; Why? 

5.     What difficulties do you think your [company name] will experience when making the 

step to Industry 4.0? (e.g. Financial? Resistance from workforce? Managerial problems?) 

6.  Would a potential implementation of Industry 4.0 be in line with the strategic path 

chosen by [company name] or would you change the strategy accordingly? 

7.  What changes have you made in your business model in order to stay competitive? 

8.     What points of attention do you think there are for companies that want to implement 

elements of Industry 4.0? 

9.     As a non-industry 4.0 company - To what extent do you feel the changes other companies 

made? 

10.  What advantages and/or disadvantages do you see when you compare yourself to 

companies that have implemented industry 4.0? 

11.  Can you explain the (potential) benefits of implementing industry 4.0 in [company name]? 

a.   Improving Profit Formula? 

b.  More efficient resource allocation? 

c.   More streamlined processes? 

12.  How does Industry 4.0 change the future way of working in your eyes? 

13.  Do you think that all production firms will more or less implement it over time? 
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