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Sammanfattning 
Innovationer såsom förbränningsmotorer, elektricitet och löpande band har alla haft en avgörande 
roll inom tillverkningsindustrin, där de tre tidigare industriella revolutionerna har förändrat sättet 
som tillverkning utförs. 
 
Den tekniska utvecklingen av tillverkningsindustrin fortsätter i en hög takt och utvecklingen som 
sker idag kan betraktas som en del av den fjärde industriella revolutionen. Utvecklingen kan 
exemplifieras genom ”Industrie 4.0”; den tyska regeringens vision för framtidens 
tillverkningsindustri. Tidigare studier har gjorts med syftet att undersöka fördelar, utveckling och 
relevans av Industri 4.0-tekniker. Liten tonvikt har dock lagts på skillnader i implementation och 
relevans av dessa tekniker mellan och inom branscher.  
 
Denna uppsats syftar till att undersöka spridningen av Industri 4.0-tekniker inom utvalda 
branscher samt vilka typer av mönster som finns mellan dem. Genom en kvalitativ multipel 
fallstudie bestående av företag från flygplansbranschen, tung utrustning, automation, elektronik 
samt motorfordonsbranschen, ges insikter i hur industrier och ledande företag implementerar 
teknikerna. För att kunna identifiera vilka faktorer som avgör hur Industri 4.0-teknikerna 
implementeras och vilka gemensamma teman som existerar så introducerar vi begreppet 
produktionslogik, vilket bygger på konkurrensmässiga prioriteringar, dvs. kvalitet, flexibilitet, 
leveranstid, kostnadseffektivitet och ergonomi.  
 
Denna uppsats har två bidrag. Det första bidraget är att vi har identifierat två typer av 
teknikkluster av Industri 4.0, Human-Machine-Interface-klustret och uppkopplingsklustret, samt 
vid vilka tillfällen det finns ett behov att implementera klustren av teknik. Human-Machine-
Interface-klustret inkluderar enheter för att assistera operatörer i tillverkningsaktiviteter, 
exempelvis pekskärmar, virtual reality-glasögon samt kollaborativa robotar. Uppkopplings-
klustret inkluderar system för att koppla samman enheter, samla och analysera information i den 
uppkopplade fabriken. Resultatet av denna uppsats indikerar att beroende på ett företags eller en 
industris produktionslogik, så skiljer sig införandet av element från teknikknippena åt. Företag 
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där flexibilitet dominerar produktionslogiken tenderar att implementera element from HMI-
klustret till en högre grad. Däremot, där kvalitet och effektivitet dominerar produktionslogiken 
tenderar att implementera element från uppkopplingsknippet för att bättre kunna övervaka och 
förbättra kvalitet i produktionen. Oavsett produktionslogik så väljer företag att implementera 
element från båda teknikknippena, men med olika sammansättning och tillämpning.   
 
Det andra bidraget är ett bidrag till litteraturen om teknikförändringar. I detta bidrag har vi 
studerat uppkomsten och utvecklingen av HMI-teknikklustret i ljuset av Geels (2002) 
flernivåperspektiv. Det kan slås fast att ett ökat tryck från landskapsnivån i form av förändringar 
på konsumentmarknaden och attityder hos arbetskraften har skapat en gradvis spridning av HMI-
klustret inom branscher. Klustren har även studerats med hjälp av Rogers (1995) fem attribut för 
innovation, där bristen på testbarhet och observerbarhet hindrar utbredningen av M2M-interface. 
Vad gäller Big Data och analysverktyg så hindrar den höga komplexiteten spridningen av 
tekniken. Då HMI-klustret inbegriper ett antal tekniker vars egenskaper varierar stort är det svårt 
att utifrån innovationsattributen dra generella slutsatser kring vad som begränsar dess spridning.  

 

Nyckelord: Industry 4.0, Diffusion of Innovation, MLP, Big data, Internet of Things, Logics of 
production, Technology bundles 
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Abstract 
Innovations such as combustion engines, electricity and assembly lines have all had a significant 
role in manufacturing, where the past three industrial revolutions have changed the way 
manufacturing is performed.  
 
The technical progress within the manufacturing industry continues at a high rate and today's 
progress can be seen as a part of the fourth industrial revolution. The progress can be exemplified 
by ”Industrie 4.0”; the German government's vision of future manufacturing. Previous studies 
have been conducted with the aim of investigating the benefits, progress and relevance of 
Industry 4.0-technologies. Little emphasis in these studies has been put on differences in 
implementation and relevance of Industry 4.0-technologies across and within industries.  
 
This thesis aims to investigate the adoption of Industry 4.0-technologies among and within 
selected industries and what types of patterns that exists among them. Using a qualitative 
multiple case study consisting of firms from Aerospace, Heavy equipment, Automation, 
Electronics and Motor Vehicle Industry, we gain insight into how leading firms are implementing 
the technologies. In order to identify the factors determining how Industry 4.0-technologies are 
implemented and what common themes can be found, we introduce the concept production logic, 
which is built upon the connection between competitive priorities; quality, flexibility, delivery 
time, cost efficiency and ergonomics.  
 
This thesis has two contributions. In our first contribution, we have categorized technologies 
within Industry 4.0 into two bundles; the Human-Machine-Interface (HMI) and the connectivity 
bundle. The HMI bundle includes devices for assisting operators in manufacturing activities, such 
as touchscreens, augmented reality and collaborative robots. The connectivity-bundle includes 
systems for connecting devices, collecting and analyzing data from the digitalized factory. The 
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result of this master thesis indicates that depending on a firm’s or industry’s logic of production, 
the adoption of elements from the technology bundles differ. Firms where flexibility is dominant 
tend to implement elements from the HMI-bundle to a larger degree. In the other end, firms with 
few product variations where quality and efficiency dominates the production logic tends to 
implement elements from the connectivity bundle in order to tightly monitor and improve quality 
in their assembly. Regardless of production logic, firms are implementing elements from both 
bundles, but with different composition and applications.  
 
The second contribution is within the literature of technological transitions. In this contribution, 
we have studied the rise and development of the HMI-bundle in the light of Geels (2002) Multi-
Level Perspective (MLP). It can be concluded that an increased pressure on the landscape-level in 
the form of changes in the consumer-market and the attitudes within the labor force has created a 
gradual spread of the HMI-bundle within industries.  The bundles have also been studied through 
Rogers (1995) five attributes of innovation, where the lack of testability and observability 
prevents increased application of M2M-interfaces. Concerning Big Data and analytics, the high 
complexity prevents the technology from being further applied. As the HMI-bundle involves a 
number of technologies with large differences in properties, it is hard draw any conclusion using 
the attributes of innovation about what limits their application. 
 
 
 
Key-words: Industry 4.0, Diffusion of Innovation, MLP, Big data, Internet of Things, Logics of 
production, Technology bundles 
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1. Introduction	
In the first section of this master thesis a background of the research area is given. It includes a 
short introduction of industrial revolutions and the most important characteristics of Industry 
4.0. We also describe the layout of the thesis and present our research question. 

1.1	Background	
Industrial revolutions are today often perceived as an historical term, describing the transition 
from workshops to factories, from horses to steam power. The first industrial revolution was a 
major step in human history as population and average income experienced a substantial growth 
as a result of the technological transition. The major transition was in manufacturing technology, 
where production went from muscle powered technology to machines. This resulted both in 
factories emerging as well as new ways of processing iron, improved waterpower and the use of 
the steam-engine. (Landes, 1969) 
 
The second industrial revolution introduced the power of electricity and the combustion engine to 
society and caused a shift towards a new economy. However, the introduction of electricity did 
not create a rapid productivity-shift, as electricity-based technology diffusion was slow through 
the industry. One reason identified by several historians is the fact that staff and managers needed 
time in order to adjust to the new technology. Another reason is that factories needed to be 
completely redesigned in order to fit with electricity. Hence, a technological shift in how a 
modern factory should be designed needed to be established in order to create a shift in 
productivity. (Atkeson & Kehoe, 2001)  
 
The third industrial revolution is referred to as the digital revolution. Some consider this 
revolution to have started in the middle of the 1990’s when personal computers were linked and 
the first iteration of the internet was taken into play. The impact of this revolution takes its form 
both in the massive use of social media as well as solar power and artificial intelligence. Still, it is 
believed that we are in the middle of this transition. (Vasconcelos, 2015) 
 
Industry 4.0  
Industry 4.0, or the fourth industrial revolution, can be defined as “a collective term for 
technologies and concepts of value chain organization”. Since Industry 4.0 involves many 
thematically overlapping elements and concepts, design principles can better be outlined to 
further provide common ground for Industry 4.0. Interconnection, information transparency, 
technical assistance and decentralized decisions have by one recent study been identified as the 
most important design principles.  (Mario, et al., 2015, 11). 
 
The term Industry 4.0 was coined within a strategy-related project by the German government, 
describing the computerization of manufacturing. The transition is by some experts considered to 
follow “Moore’s Law”, which states that the technology is doubling its capacity and performance 
every two years (Deloitte, 2015).   
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The concept is very much a reaction to the third industrial revolution described earlier; it is 
triggered by the Internet which allows a cyber-physical-system (CPS) where humans, products 
and machines are communicating within a large system. Industry 4.0 is believed to have a 
considerable impact on the manufacturing industry, as there is a greater need to handle high 
complexity and a change in demand towards more customized products (Brettel, et al., 2014). 
However, the concept is not new. Susman and Chase (1986) described the integrated factory as 
an emerging concept and predicted advances in computing, predictive maintenance, flexible 
manufacturing systems and computer-aided design. They also predicted changes in managerial 
structures and labor force skills. However, the authors believed that their vision of the future 
factory would not see the light of day until around the year 2000. 
 
The Industry 4.0 technologies are emerging and enabled in technology bundles, meaning 
technologies and innovations are not isolated in their diffusion and adaption. We are focusing on 
two technology bundles: Human-Machine-Interface (HMI) bundle and the connectivity bundle. 
The HMI bundle is solutions for operator guidance and the interaction between humans and 
machines.    The connectivity bundle consists of elements of Big Data & Data Analytics and 
Machine-to-Machine, which enable communication between tools and machines.  
 
 
The future of manufacturing 
The main challenges and drivers for manufacturing firms are shorter time to market, to increase 
flexibility and higher innovation speed, which will boost efficiency (Geissbauer, et al., 2014). 
Factories therefore have to become more interconnected internally in order to take advantage of 
new technologies and adapt to changes within the industry. For established manufacturing firms 
which utilizes current technology, technology shifts can pose as a lethal threat to the business. 
These firms generally find it hard to master the “double ambidexterity”, which means changing 
both business model and technology at the same time. When new technological innovations are 
developed, business model aspects need to be taken into consideration at an early stage (Engwall 
& Tongur, 2014). 
 
A dominant trend in today’s manufacturing is mass customization in which manufacturing is 
moving towards more personalized products and modularized product design. In a smart factory, 
the production technologies will be able to communicate with their environment, meaning 
changes can be made automatically and manufacturing firms are able to adapt their production 
faster and more cost-efficient. It requires efficient data managing and competence in analyzing 
and gathering large quantities of data (Brettel, et al., 2014).  One important characteristic of 
Industry 4.0 is acceleration through exponential technologies where the capacity and performance 
of technology grows exponentially. The context in which firms adapt and implement a 
technological innovation can be seen from three aspects: technological, organizational and 
environmental context. This emphasize that there are both internal and external drivers for 
organizational innovativeness (Oliveira & Fraga Martins, 2011).  
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1.2	Problematization	
Since the phenomenon and concept of Industry 4.0 is relatively new and unestablished, it is still a 
vague concept and is continuously developed and implemented by practitioners. There are several 
definitions of Industry 4.0 and no consensus regarding its delimitations. Although studies such as 
Mario, et al., (2015) try to create an overview of Industry 4.0, differences in spread and 
application of Industry 4.0-technologies is still an unsearched topic. There are currently no 
studies connecting logics of production with the application and adoption of Industry 4.0-
technologies. 

 The application of Industry 4.0 has been under the assumption that “one-size-fits-all”. Research 
or industry discourse does seldom distinguish between the various needs in different industries 
and how various industry 4.0 technologies relate to each other. Hence, the relationship between 
industry properties and technology-application is still unknown. It becomes clear that it is in the 
interest for manufacturing firms to gather more information regarding future shifts in 
technological regimes with regards to different industries. Technology shifts can act as lethal 
threats for manufacturing firms. In order to survive the technology, shift and create a value 
proposition for the future, manufacturing firms need to take on the problem of understanding its 
customers’ perception of the future of manufacturing that is Industry 4.0. We use a firm 
supplying handheld tools for industrial applications as a point of view for this study; we hereafter 
name this firm “The Tool Company”. They have customers in several industry-types which 
provide a broad set of cases for investigating impact of Industry 4.0. 

1.3	Purpose	
The purpose of this thesis is to develop a categorization of the different Industry 4.0 technologies 
based on how they are applied in industrial settings as well as determine where there is a need for 
elements from each of the technology bundles. Five industries will be studied in particular; 
Aerospace, Heavy equipment, Electronics, Automation and Motor Vehicle Industry (MVI). In the 
study, leading firms in each industry will be identified and their Industry 4.0-technologies 
described. This includes identifying the emerging technologies within Industry 4.0 and how they 
apply throughout certain industries as well as identifying patterns in their spread and the 
connection with logic of production.  

1.4	Research	question	
In order to establish an understanding of the phenomenon, its effects and features, one main 
research question has been chosen. The sub-questions presented need to be answered in order to 
answer the main research question. 
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Main Research question:  
• How are different Industry 4.0 technologies applied among and within varies 

industries? 
 
Sub questions:  

1. How do leading firms in varies industries apply Industry 4.0-technologies in bundles? 
2. What factors determine how and what Industry 4.0 technologies are adopted among and 

within the selected industries? 

1.5	Suggested	contribution	
The suggested contribution is both an empirical contribution and a contribution to the literature of 
innovation management. One suggested contribution is the attempt to bundle different Industry 
4.0-technologies and to identify how Industry 4.0-technologies are adopted in bundles. The 
empirical contribution is mainly focused on outlining how leading firms in selected industries are 
adopting Industry 4.0-technologies and how their choices are connected to logic of production. 
As for the contribution to literature, the thesis will focus on studying Industry 4.0 in the light of 
different theories from the areas of technological transitions and innovation management.  

1.6	Disposition	
An overview of the report is given in figure 1 below. The following chapter will cover the 
theoretical framework, where key concepts and frameworks are introduced and discussed. 
Thereafter, Industry 4.0 is further explained in the empirical background. In chapter 4, 
methodology, the research design is explained and our approach to the main research question 
and the sub-questions. In chapter 5 we present five case examples and define logic of production 
and which technologies that are emerging within the five studied industries. We also identify how 
different Industry 4.0 technologies are adopted among and within the selected industries, 
answering sub question 1. Thereafter, in chapter 6, we analyze the result and are focusing on sub 
questions two. Chapter 5 and 6 are together answering the main research question. Finally, in 
chapter 7 we discuss the result and how it relates to previous studies and theory.   

 
Figure 1: Report overview 
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2. Theoretical	Framework 
This chapter will present the theoretical framework that is the foundation of the research. This 
includes technological transitions, which provides an overview of technology shifts at a macro 
level, and the diffusion of innovation theory. The purpose of this chapter is to illustrate the gap in 
existing literature.    
 
Studies performed by Dosi (1982), Geels (2002, 2011, 2014), Schot & Geels (2007, 2008) and 
Christensen (1997, 2015) mainly limit themselves to studying a single technological innovation 
or transitions which are studied ex post, such as steamships or hard-drives. This literature is 
mainly focused on studying one innovation in particular, while excluding the ability for several 
related innovations to be adopted simultaneously as bundles.  
 
Hence, the literature do not consider the application of technology bundles, as Industry 4.0 is an 
example of, consisting of several emerging technologies affects regimes and industries. The 
bundles can be a combination of incremental and disruptive innovations which increases the 
degree of complexity in the unit of analysis.  The result is a gap in theory where Industry 4.0 as 
technology bundles is an uninvestigated topic. 

2.1	Disruptive	innovation	and	technological	transitions	
Industry 4.0 is an innovation-driven growth within a variety of manufacturing firms, where the 
theory of disruptive innovation is of interest to study in order to understand the technologies 
which as considered to be disruptive. The term was coined by Clayton M. Christensen in 1995, 
where disruptive describes the process when a smaller firm successfully challenge larger 
incumbent firms. Incumbent firms tend to focus too much on their existing business, ignoring the 
needs of others and failing to make the investments that customer in the future will demand 
(Bower & Christensen, 1995; Christensen, et al., 2015). The disruptive innovation model is 
described in figure 2 below, where the steep lines are product performance trajectories and the 
flat-sloping lines are customer demand trajectories. Incumbent firms are trying to satisfy the high 
end of the market, where profitability is highest, by introducing higher-quality products. At the 
same time, they are neglecting lower-end markets; opening up for entrants which are challenging 
the incumbent firms (Christensen, et al., 2015). 
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Figure 2: The disruptive innovation model (Christensen et al., 2015) 

 
Historically, there has been many examples of firms that have failed to deal with disruptive 
changes in technology. These firms are often high-performing and are investing in better products 
according to the market trends and the existing customers’ demand. At the same time, this high 
performance is the reason why the incumbent position is lost when technology changes. It is 
therefore sometimes right to not listen to the existing customers and instead invest in 
technologies with lower margin. However, the generalizability of the disruptive innovation 
theory has seldom been tested and few quantitative tests have been performed to confirm the 
theory. It is argued that the theory cannot fully explain all the case examples which Christensen 
(1997) presents in his research. Other factors that influences are legacy costs and changing scale 
economics (King & Baatartogtokh, 2015).   
 
When a technology is being rendered obsolete by a recently introduced technology, one can argue 
that a technological transition is taking place. The term is generally defined as a major 
technological transformation in the way how societal functions such as communications, housing, 
manufacturing are fulfilled. The concept of a technological transition is not limited to the 
technology itself, but includes factors such as user practices, infrastructure and symbolic meaning 
(Geels, 2002). The industrial revolutions during the previous centuries changed our perceived 
view on how manufacturing should be performed. For example, the introduction of the assembly 
line in the early 20th century changed the symbolic meaning of mass-production and the 
infrastructure in terms of factory layout. As for manufacturing, the integrated factory has 
previously been described by Susman & Chase (1986) as a sociotechnical system in order to 
understand issues that appears when technology and processes changes within manufacturing.  
 
Hence, technological transitions can be compared to the scientific paradigms as argued by 
Giovanni Dosi (1982). In this theory, continuous change in a technology can be seen as progress 
along a technological trajectory, while discontinuities can be associated with new technological 
paradigms. Dosi (1982) also stresses that the emergence of new technological paradigms is 
dependent of not only “the market” as a force in itself. Rather it is dependent upon scientific 
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advances, economic factors, institutional variables and unsolved difficulties on the current 
scientific path (Dosi, 1982).  
 

2.2	A	multi-level	perspective	on	technology	changes	
A consistent framework to describe technological transitions is the multi-level perspective (MLP) 
presented by Frank Geels (2002) and can be seen in figure 3. This framework describes three 
levels which forms MLP; niche-level (micro-level), regimes (meso-level) and landscape (macro-
level). A technological transition is conceptualized as a replacement of a current technological 
regime. The three levels are interconnected as changes in landscape and/or niche will cause a 
transition to take place faster or not take place at all. The sociotechnical landscape is described as 
a representation of a wider context such as demographic trends, societal values and macro-
economic patterns which generally change slow, although shocks can take place in the form of 
wars, revolutions or shocks in prices. The landscape is considered to be outside reach of the 
regime actors. (Geels & Schot, 2007) 

 

 
Figure 3: Multi-level perspective (Geels, 2002). 

 
The regimes on the other hand is a representation of the set of rules that enable progress along a 
technological path, which consists of for example user practices, competences, government 
regulations and shared beliefs. As for the lowest level in Geels’ theory, niches are protected areas 
or markets, such as R&D-labs or demonstration projects. In these markets, users have special 
demands and innovations can emerge and be developed without being outcompeted by 
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established technology (Geels, 2011). Technological transitions in general are complex, and there 
are no sudden shifts from one technological regime to another, instead, a stepwise reconfiguration 
is taking place. What is perceived as a revolution is actually an outcome of several adaptations 
and changes over time. There is also a domino-effect within these changes, as a change within 
one part of the regime creates effects that gives echo to other parts of the same regime. The 
effects can analogously be seen as self-reinforcing loops within the systems as the domino-effect 
takes place (Geels, 2002). 
 
The framework also combines two views on evolution; evolution as a “variation and selection” 
where niches acts as breeding ground for different variations of innovations and the regimes acts 
as a selection and retention mechanism. Evolution as “unfolding” where regime changes are seen 
as reconfiguration processes. These “reconfiguration” processes emerge as developments on 
multiple levels emerges and reinforces each other (Geels, 2002). However, there are some 
criticism towards the model. One criticism is regarding the unclear timeline of a transition; it is 
hard to outline the start of a transition and the point is subjective towards the viewer’s standpoint. 
The toughest criticism is that it is non-falsifiable, since the flexibility of the model makes it 
possible to fit any transition path and the flexibility can be used to accommodate any critique 
towards the model (Genus & Coles, 2007). 
 
In order to refine the MLP further and meet the criticism raised towards the model, Geels & 
Schot (2008) outlines different paths throughout the nested niche-regime-landscape network 
based on differences in timing of alignment between the levels and nature of multi-level 
interaction. The four pathways outlined provide an in-depth description of how a transition takes 
place. If there is moderate pressure on the landscape level but no readiness in the niches, regime 
actors will respond by modifying the direction of development paths and innovation activities. 
On the other hand, if there is a stable landscape level but some radical innovations within the 
niches, the landscape level will provide stability to the regimes and innovations will find it hard 
to evolve through the nested network. As a result, the regime will be stable and reproduce itself. 
 
Geels & Schot (2008) also provides an extreme case; if a sudden, divergent and massive change 
is taking place at the landscape level, it leads to a lack of faith and an erosion of the regime-level. 
This creates a vacuum where several niche innovations can coexist and compete, in the end, one 
niche-innovation will emerge and become the dominant design, forming a new regime-level. If 
there is sufficient pressure on the landscape-level and sufficiently developed innovations at the 
niche-level, innovations will break through and replace the current regime. Innovations at the 
niche-level can also be adapted to a local extent which gradually changes the regime-level. 
Finally, if landscape pressure is considered to be disruptive, a sequence combination of the 
pathways is likely where crossovers between different pathways become apparent (Geels & 
Schot, 2007).  
 
These different pathways come with examples of how technologies have emerged in the past. Its 
connection with the MLP-network gives a coherent picture of how technology shifts comes 
about. Although the changes are studied ex post, empirics from the past can be used to 
understand and predict changes in technology and sociotechnical systems in manufacturing. 
(Geels & Schot, 2007) 
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	2.3	Adoption	of	technology	and	Industry	4.0		
Although Geels’ MLP-framework provides an overview of technology shifts at a macro level, it 
does not include the single firm as an entity in the model explicitly. In order to gain a coherent 
picture of technology shifts, the internal firm perspective on technology shifts and innovation 
must also be taken into account. Many firms experience long development time and there is a gap 
in terms of technologies between what is known by the organization and what is actually used. It 
is therefore of interest studying diffusion of innovation (DOI), which focus on at what rate 
innovation and technology spread. This perspective is an alternative to the MLP-framework as it 
is more focused on the specific firms.  
 
Since we are studying five different industries and case examples, it is of interest to study what 
influence the adoption of new technologies. According to Rogers (1995), innovation is 
communicated over time through certain channels among the members of a social system. It 
should be remembered that it is much more complex in organizations. There are studies of the 
institutional effects, such as Carter, et al. (2001), who shows that adoption of innovation is a 
bottom-up process rather than a top-down process.  
 
The rate of adoption is mainly dependent on how the characteristics of the technology are 
perceived by individuals. According to Rogers (1995) there are five attributes of innovations: 
 

1. Relative advantage 
2. Compatibility 
3. Complexity 
4. Trialability 
5. Observability 

 
To begin with, there is the question if the new technology is perceived as better than the 
technology it sets aside, i.e. its relative advantage. This is considered to be the most important 
attribute, and includes for example savings in costs and increased efficiency. One reason for slow 
diffusion of innovation is uncertainty of the value, which is determined by for example costs and 
for how long it is useful (Greve, 2009). Moreover, the degree of adoption and diffusion are 
depending on the degree of compatibility, i.e. if it is compatible with existing values and needs of 
adopters. This attribute is of relevance because a highly compatible innovation represents less 
change in the infrastructure. However, with a longer time horizon the new technology can be 
considered useful if seen as the first step in a series of innovations following sequentially. The 
last three attributes, complexity, trialability and observability, is explaining to what degree the 
innovation is easy to use, if it can be tested on a limited basis and if the result is visible (Rogers, 
1995). 
 
The perception of these characteristics is crucial in determining the rate of adoption, these 
attributes are only considering the technology itself and does mainly consider individual 
technologies. Therefore, one has to consider the firm's context which influences the rate of 
adoption and how technologies are connected to each other. Lyytinen & Damsgaard (2011) 
argue, when studying the diffusion of Electronic Data Interchange technology, that the DOI 
theory cannot fully explain the diffusion of complex networked technologies.  



   
 

 
10 

 

 
A suitable framework for understanding how innovation affects firms is the Technology-
Organizational-Environmental (TOE) framework, outlined by Tornatzky and Fleischer (1990), 
which describes the main aspects of a firm's ability to adapt to new technological innovations.  
The technological context includes all technologies, both those in use and those that are available 
but is still not in use. This is important in the adoption process, because the firm’s existing 
technologies determine at what pace they can adopt to new technologies. There is also a question 
of how new technologies affect the organization in terms of their expertise, i.e. if new technology 
is competence-enhancing or competence-destroying (Baker, 2011).  
 
The organizational context is the internal characteristics within the firm, which is also described 
by Rogers. He outlined the degree of knowledge which is possessed within the organization; how 
different units are connected and degree of centralization (Rogers, 1995). The environmental 
context includes the industry in which the firm conducts its business in, including competitors 
and governments. The structure of the industry is also influencing the adoption of innovation. For 
example, if competition is high, such as in the motor vehicle industry, there is more pressure on 
being innovative. Other effects are labor cost and product life-cycle, where the former put 
pressure on labor-saving innovations, such as solutions for automation (Baker, 2011).   
 
The TOE-framework has been used in previous studies, investigating specific technology 
adoption. For example, Baker, et al. (2012) studied the RFID adoption in the healthcare industry 
using the TOE-framework. In their example, the technological context included benefits and 
barriers to RFID and IT competence. The organizational context includes IT-infrastructure 
complexity and financial resources. The result supports the theory of the characteristics 
influencing the technology adoption. A similar study was performed by Wang, et al. (2010), 
which identified what determines the adoption of RFID technology in the manufacturing 
industry, based on the TOE-framework. The conclusion is that the implementation of this 
technology is dependent on all these three contexts, with for example information intensity, 
complexity and compatibility as significant determinants of adoption. However, relative 
advantage was found to be insignifcant.  The example shows the difference in importance among 
the characteristics in the technology context; a technology with a low relative advantage can 
therefore gain success based on other merits.   
 
Connecting the technological transition theory and DOI theory, it is of interest discussing the 
type of technical change outlined by Freeman & Perez (1988). The first two levels of innovation 
are incremental and radical innovations, which are excluded from this theoretical background. 
The reason is because Industry 4.0 is more closely related to the third and fourth levels of 
innovation; changes of ‘technology system’ and ‘changes in techno-economic paradigm’. The 
former is far-reaching changes in technology affecting different industries which consists of 
technological innovations, in combination with organizational innovations. The latter is even 
more far-reaching, with major effects on the whole economy. The techno-economic paradigm is 
characterized by cluster of radical and incremental innovations (Freeman & Perez, 1988). 
Technology cluster can be defined as different technologies that are perceived as being 
interrelated. The boundaries are not clear and the technologies are often promoted as a package of 
innovation (Rogers, 1995). The construction of techno-economic paradigm can be seen in three 
main areas of practice (Perez, 2010): 
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1. Changes in the cost structure 
2. The perception of opportunity spaces 
3. New organizational models 
 
A change in the cost structure is important for the emergence of a new techno-economic 
paradigm. This means that key-inputs are getting cheaper, such as cheaper microprocessors for 
computers. Moreover, new engineering principles and innovations open up new possibilities, 
both for producers and users. A great example is how Internet opened up new opportunities for 
global communication and decentralized integration. Lastly, organizations are changing in order 
to take advantage of the new technologies, meaning technologies also transform how factories are 
organized. (Perez, 2010)   

2.4	Logics	of	production	
In this part we are introducing the concept of logics of production and describe its parts. 
Innovativeness is by some researchers perceived to be a "competitive priority" in a firm’s 
operation, but it is hard to apply the term in empirical studies. Hence, we focus on the four most 
common competitive priorities; quality, cost efficiency, delivery time, and flexibility (Ward, et al., 
1998). In our study we have also included ergonomics, because it was identified during the 
interviews as an important priority. The competitive priorities are visualized in figure 5 and 
thereafter our definitions are described.  

 
 
Figure 4: Competitive priorities 

The competitive priorities are particularly important as they guide the choice of technology, 
processes and control systems, directing the path of improvement in production systems.   
Current literature on competitive priorities states that the connection between competitive 
priorities and process choices also can be connected empirically (Ward, et al., 1998).  
 
Objectives differ between process and an industry, the objectives outlines the direction of process 
improvement and what areas are most important. The accumulated objectives can be 
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conceptualized as logic of production, in which the perceived importance of the objectives is 
compared towards each other. The composition and relative importance of the  Visually, the 
production logics can be described as a frontier, in analogy with Hughes technological frontiers 
with salient and reverse salient. (Hughes, 1993) A salient can in our application be seen as a 
dominant objective while a reverse salient can be seen as a non-objective. To exemplify; an 
assembly process of a complex product might be performed with focus on quality, ergonomics 
and flexibility, leaving cost as a reverse salient as this is a non-focus area. This example is 
visualized as a frontier in figure 5. The frontier then visualizes the logic of production. 
 

 
Figure 5: Frontier visualizing logic of production 

 
Quality 
We have chosen to align our definition of quality with the definition of quality cost. This means 
that any defection will incur failure cost, such as disrupted assembly line and reworks. A firm 
focusing on quality will try to minimize the number of defects in the output, which also can result 
in lower  . (Prajogo, 2007). In order to minimize failure costs, firms have to focus on controlling 
and monitoring their processes, making them fault-proof in order to enhance quality.  
 
Cost efficiency	
All firms focus on cost efficiency to some extent, but some firms compete primarily on low costs, 
which affect the pricing (Ward, et al., 1998). With the cost priority we mainly focus on the 
production cost per unit which includes the cost of labor, machinery, raw material and 
components.  
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Delivery time	
Our definition of delivery time is only including the speed to market, i.e. how quickly the firm 
can deliver the product to the customer, and the reliability to do so. It is important for the firms to 
not only deliver on-time, but also with the promised properties (Ward, et al., 1998; Li, 2000).  
 
Flexibility	
With flexibility we mean the ability to adapt to market changes and to offer a large product mix. 
This includes the ability to customize products in existing production and to increase the product 
mix if needed (Li, 2000). The ability is closely related to the customization of customer demand, 
where the end customer to a greater extent can choose the product capabilities.  
 
Ergonomics	
Ergonomics is not presented as a competitive priority in the empirical or theoretical literature. 
However, during the interviews it was often mentioned as an important factor when firms 
improve processes in manufacturing. For example, a firm might choose wireless battery tools 
over air tools in order to make processes more user-friendly and reduce physical stress on 
operators. In this thesis, we define ergonomics as the physical human working environment, 
where improvement can reduce the problems with backs and knees among operators.    

2.5	Summary	of	literature	review	
The area of research is mainly diffusion of innovation, disruptive innovation and technological 
transitions, where we are trying to understand why the bundle of technologies that is Industry 
4.0 are emerging. Researchers such as Dosi (1982), Geels (2002, 2011, 2014) and Schot & Geels 
(2007, 2008) have analyzed technologies ex post with the aim to find the factors which determine 
their spread. In the other end, Rogers concept diffusion of innovation (DOI) can be used to 
describe why a single firm incorporates certain technology. Theory is mainly focusing on how 
individual technologies are adopted and what factors determine their adoption on a macro- as 
well as a firm level. In this thesis, we focus on several technologies as a bundle where one 
technology is an element in a bundle. Moreover, added to the analysis is the connection between 
the technologies and the logics of production, something which is an unexplored area.  
 
Our contribution will focus on how the bundles of technology that is Industry 4.0 will affect 
different industries and firms from a landscape-level described by Geels (2002). Added to this, 
we are trying to understand in what way there are differences between industries as a result of 
different production logics and focuses on operational priorities for change.    
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3. Empirical	background	

The following chapter is a background to the empirical findings in chapter 5. The chapter focuses 
on the concept Industry 4.0 and aims to provide a common understanding of its distinction and 
the technologies.     

3.1	Industry	4.0	overview	
Industry 4.0 can be seen as the next phase of the digitalization of manufacturing. The concept is 
widely used in Europe, both among larger manufacturing firms, such as Siemens and Bosch, and 
among management consultancy firms. Industry 4.0 enable firms to individualize and customize 
their products at a lower cost and manufacturing takes place in smart factories with high 
automation and efficiency.  
 
It is rather common among industrial and consultancy reports to focus on the opportunities of 
Industry 4.0, where the benefits of enhanced quality, improved flexibility and faster speed to 
market are presented. This analysis is rather similar to the logic of production, described in 
chapter 2.3. McKinsey & Company (2015) desribes a term similar to logic of production, they 
name it value drivers which are connected to Industry 4.0 levers, i.e. which type of technology 
that is suitable for each driver. The report mentions quality, time to market and labor as the most 
important value drivers for firms, which together with Industry 4.0 technologies and levers form 
a "Digital compass". For example, for the quality driver, digital quality management and 
advanced process control are mentioned as suitable Industry 4.0 levers. McKinsey based the 
“Industry 4.0-levers” on 50+ interviews with experts in the manufacturing sector. According to 
their analysis it is possible to reach a 20 – 50 percent reduction in time to market and 10-20 
percent reduction in costs for quality (McKinsey & Company, 2015).  
 
There are several forces which propels the progress within Industry 4.0. Two areas of interest are 
mass-customization and modularization, since these are theories regarding flexible production 
that is adapting to changing demand and personalized mass products. Brettel et al. (2014) argue 
that there is an increased importance of mass customization which will lead to substantial 
changes in the product and production architecture. The strategy where firms could achieve 
economies of scale is now considered to be a disadvantage since customers now demand 
customized products. (Shellshear, et al., 2015; Brettel, et al., 2014). Moreover, since information 
technology are becoming more advanced and customers and firms are connected to social media, 
this has influenced the customers’ perception of quality, variety and speed to market, leading to a 
pressure on firms to be more responsive and adaptive to changes (Lee, et al., 2014). 
 
The vision of Industry 4.0 is a German initiative, which is part of their High-Tech Strategy 
Action Plan which has the aim of making Germany the leading cyber-physical-systems provider 
by 2020 (Bunse, et al., 2014). The initiative is not unique, for example "Made in China 2025" is 
an initiative which has many similarities with the German initiative. The goal is to update the 
Chinese industry to focus more on quality and the manufacturing to be more innovation-driven 
(Kennedy, 2015). The U.S. also has a similar initiative, called "Advanced Manufacturing 
Partnership" (AMP), with the aim to secure their competitiveness in manufacturing technologies 
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(PCAST, 2014). Common for all initiatives are the creation of a platform and to strengthen 
national competiveness.    
   
According to the Industry 4.0 working group in the German Federal Ministry of Education and 
Research, Industry 4.0 can be defined as the intersection between four aspects described below 
(Adolphs & Epple, 2015). 
 
Horizontal integration through value networks 
The digital transformation supply chains are getting smarter by more advanced techniques for 
monitoring product data in real-time. It is also regarding how a manufacturing firm should 
position itself in the value chain and the effects of closer cooperation with value chain partners 
(Brettel, et al., 2014). With more advanced digital and cloud solutions, it is possible for R&D 
departments, purchasing, production and sales to be integrated and exchange data in real-time 
(Deloitte, 2015). Firms are also part of global value chain networks. These networks are 
characterized by transparency and high level of flexibility, where firms are able to adapt to 
volatile markets around the world to a greater extent (Brettel, et al., 2014). Horizontal 
cooperation and increased integration are already today of high importance. Drivers are shorter 
time to market, higher innovation speed and higher flexibility (Geissbauer et al., 2014). 
 
Vertical integration 
Vertical integration is the integration within the factory, through for example connected machines 
and devices. The vertical integration within the factory is highly dependent on solutions for 
information sharing, such as sensors, control systems and cloud-based solutions. This means that 
data management becomes a key competence for firms, in order for them to take advantage of the 
large quantities of data. (Adolphs & Epple, 2015). 
 
Life cycle management and end-to-end engineering 
Rapid development within the areas of virtualization and communication has given rise to a third 
area of research within the concept of industry 4.0. During all stages of a product’s life-cycle, 
data and information are available in order for new products and processes to be developed 
(Deloitte, 2015). Using visualization techniques and modelling, process evaluation and 
development can be performed across company borders. However, this gives rise to implications 
regarding common ground for communication along the value chain. A uniform way of 
communicating data has to be developed according to researchers. The integration-concept also 
includes value-added systems empowered by embedded systems that can enable new remote 
maintenance concepts. This means that all products will be connected to a digital chain, where 
engineers are able to model the product life cycle (Brettel, et al., 2014). 
 
The human being as a conductor for added value  
The human role also becomes different in Industry 4.0, from being very active in production 
tasks to performing monitoring and conducting. To begin with, machines will be able to perform 
many tasks without human intervention. At the same time robots will to a greater extent work 
closer with humans and help controllers perform their tasks in the assembly line. (Adolphs & 
Epple, 2015) 
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3.2	Industry	4.0	-	Main	concepts	and	technologies	
We argue that with Industry 4.0, technologies are emerging and enabled in bundles, meaning 
technologies and innovations are not isolated in their diffusion and adaption. Therefore, the two 
bundles are not stand-alone technologies but rather a composition of interconnected technologies.  
Since there is no common definition of how to cluster the technologies within Industry 4.0, we 
have chosen two bundles of technologies which can be graspable but still provide a broad 
definition. The two bundles can be seen in figure 6 below.  
 
 
 

 
Figure 6: Technology-mapping 

As described earlier, Industry 4.0 is a vision which has not yet been universally established. 
Hence, there are differences in how practitioners define it. The common denominator is the 
digitalization of manufacturing and the establishment of the digitalized factory, this definition is 
used by several practitioners such as McKinsey and Munich Business School (McKinsey & 
Company, 2015; Seif, 2015). All technologies in this study are mentioned to different degree in 
industrial and consultancy reports (Deloitte, 2015; McKinsey & Company, 2015; Geissbauer, et 
al., 2014), but they are not clustered into bundles. Therefore, the bundles can be seen as a 
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summary of earlier studies of Industry 4.0. Below we are explaining the two bundles in more 
detail, where we also have added primary sources from the interviews.  
 

3.2.1	Connectivity	bundle		
Machine-to-machine (M2M) refers to the communication between machines and tools. It is 
directly connected to Big Data and Analytics, since it requires a system for synchronizing as well 
as for gathering and monitoring the data that is sourced from the machines. IT-based 
communication enables intelligent and flexible production control through connected machines 
and tools, which is described in figure 7 (Experton Group, 2015; Unity Shanghai, 2014).  
 

 
Figure 7: Degree of Connectivity (Experton Group, 2015). 

A central theme in M2M-interface is Cyber-Physical-Systems (CPS) which is an online network 
of machines (Deloitte, 2015). Cyber-physical systems are following the development and 
increased availability and lowered production cost of sensors and computer networks, which 
enables more factories to implement high-tech methodologies. Lee, et al. (2015) is proposing a 5-
level CPS structure, which can be used for implementation and comparison between today’s 
factory and the industry 4.0 factory. The first level is smart connection, where sensors and 
controllers are used to acquire data from machines. The next step is data-to-information 
conversion, where meaningful information is derived from the data. This includes for example 
machine health and performance prediction. The last three levels are cyber, cognition and 
configuration, where the ultimate goal is to make machines self-configuring and self-adapting.  
 
However, with Industry 4.0 we can expect a higher degree of smart devices and machines. The 
concept is not limited to the infrastructure of collecting data in a Manufacturing Execution 
System (MES), it also includes analyzing data from products, tools and machines (Experton 
Group, 2015). One interviewee mentioned that many customers of The Tool Company have 
developed their own Manufacturing Execution System (MES), but they are not using it at its full 
potential. A MES is a software entity for managing and synchronizing operations in 
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manufacturing. It is also mentioned that the most successful firms have bought a MES and not 
tried to develop it themselves (Interview 12, 2016).  
 
An example of M2M interface applications is the closed-loop-concept, which means that product 
development and manufacturing is digitally connected. In reality, this means that changes in 
products is stored in a database and directly translated to a production strategy. Hence, building a 
link between product development and assembly and making production more process based 
logic (Interview 20, 2016). One car plant in the USA has come a long way in this area and has 60 
000 units and robots connected to the factory system (Microsoft, 2016). The variables from these 
units are monitored in order to predict maintenance and monitor wear and tear, but also to create 
a larger degree of flexibility on the same production line as it is able to produce eight different 
product variations (Interview 18, 2016). 
 
Machine-to-machine might potentially change the view on robots within the factory, as new 
systems will manage robots within the factory. One robot manufacturer points out that in the 
future, robots can be managed as entities or servers in the factory system, just as printers are in 
the office landscape of today. This makes it possible to connect robots to a kinematic system 
where they are able to send and receive information within the same cluster. There are however 
barriers to this vision as common standards in Time Sensitive Networks have to emerge to create 
compatibility within factory systems. (Interview 18, 2016) 
 
Big Data-services and Data Analytics have previously been available to manufacturing firms. 
Earlier we mentioned the usage of MES, which means that products can be tracked and life cycle 
data can be gathered in order to improve the logistics chain. This is possible thanks to 
improvements and lower cost of Radio Frequency Identification (RFID), sensors and the 
possibility with the new Internet Protocol standard IPv6, to provide enough IP addresses 
(Zuehlke, 2010). One solution, used in one of Bosch’s assembly factory, is the use of RFID and 
Bluetooth tags in order to connect operators, machines and products. In this way they can 
recognize how the product should be assembled at each station and communicate the materials 
and processes needed to the line. Tags are scanned and the relevant information for the operator 
is displayed on screens. This means that each station can change depending on the needs and the 
operators can move around to different work stations (Bosch, 2015).  
 
Connected to CPS is Internet of Things (IoT), which allows systems, units and robots to interact 
with each other. The main application is ‘Smart factory’. It has the opportunity to transform the 
way products are produced through the usage of Internet. Each component and machine will 
generate data which is stored and processed in a cloud solution, where performance and risks are 
calculated in real time (Lee, et al., 2015). As a result of long-term accumulation of information 
technologies, cloud computing will emerge as a paradigm within the Internet and an important 
factor for Big Data and Analytics. This provides new solutions in terms of virtual computing, 
virtual storage and virtual bandwidth and gives rise to virtualization and scalable digital solutions 
(Liu, et al., 2011). Main focus for many manufacturing firms is to create cloud solutions, where 
they can store and gather data. This enables firms to gather and analyze data between factories 
and across the entire value chain network (Deloitte, 2015).  
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However, the interviewees stress that it is not the collection of data itself that creates value; it is 
rather the use of data which creates value (Interview 2, 2016; Interview 4, 2016; Interview 7, 
2016; Interview 10, 2016; Interview 17, 2016). A possibility for the use of analytics in tools is to 
discover variances in material quality; data from tools can then be compared with historical data 
in order to trace faulty material and remove it before moves on (Interview 10, 2016). Another 
example is the usage of data from sensors in wind mills in Denmark. The accumulated data from 
these sensors can provide weather forecasts which can be used to forecast the power generation in 
windmills and optimize its performance (Interview 20, 2016). 

	
3.2.2	Human-Machine-Interface	bundle	
As Industry 4.0 emerges through different industries, the role of operators will change as a result. 
Operators will be the most flexible component in the factory system and be able to manually 
interact with the autonomous production system. The operators will increasingly act as problem-
solvers and decision-makers in the Industry 4.0 environment and must therefore be provided with 
information and support by mobile, context-sensitive devices. CPS and Internet of Things (IoT) 
will enable the HMI, which refers to the interactivity between human and machines. A CPS can 
be divided into a digital, virtual component and a physical component. The interplay between 
humans and CPS is performed by an interface by direct interaction such as collaborating with 
robots or by a user interface such as smart glasses. Augmented reality represents the interface and 
can be used as a computer-aided enhancement of human perception. (Gorecky, et al., 2014) 
 
By using augmented reality, operators can be provided with guidance and information in real 
time through smartphones, tablets, smartwatches and smart glasses. The HMI also includes the 
physical interaction with robots such as collaborative robots, which are able to successfully 
interact with humans in production. Consulting firms (Roland Berger, 2015; BCG, 2015) as well 
as robot manufacturers (Interview 18, 2016) have highlighted the fact that robots will be 
increasingly autonomously and able to interact naturally with humans.  
 
Robots have already to a great extent replaced humans in many industries, but in the future they 
are becoming more intelligent. Robot-manufacturers believe that the progress of automation will 
converge to a point of “mixed automation”, where humans and robots are able to successfully 
interact in production. These robots make production more flexible as robots can be combined 
with operators throughout assembly without any fences. One Robot manufacturer stresses that 
collaborative robots are defined by their ability to interact and assist human operatives, and not 
just stop when an operator comes too close. (Interview 18, 2016) 

3.3	Summary	of	empirical	background	
The empirical background in the form of reports provided by firms conceptualizes Industry 4.0 
and delimits it, there are however no coherence between their delimitations. The result is a 
floating definition of the future of manufacturing. Reports make rough estimates of the impact of 
Industry 4.0 as well as drawing broad conclusions regarding managerial implications for firms. 
The scope of the reports is diverse, from technology-specific studies to country-wide studies of 
manufacturing firms such as the one performed by Deloitte (Koch & Schlaepfer, 2015). Among 
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the reports, there are little or no consideration taken to type of industry and differences between 
industries, this theme is something the thesis will focus on. 
 
The theoretical contribution will be derived from connecting different theories of competitive 
priorities, which forms the logic of production, as well as the two technology bundles defined in 
Industry 4.0. The firm perception will not be based on a general study, but upon the selected 
industries progress in digitalizing manufacturing, which are studied through interviews, also 
achieving a lower perspective than that of previous literature regarding Industry 4.0.  
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4.	Methodology		

This chapter describes the research method used in this study. First, we explain the chosen 
research design and how data collection has been performed. We also present the delimitations 
of this master thesis as well as a discussion of the validity and reliability of the research.  

4.1	Research	design	and	approach	
The application of Industry 4.0 technologies was studied within five different industries, thus 
conducting a multi case study. Research follows the interpretivist paradigm, since it assumes that 
the social reality is subjective and is shaped by our perceptions. The research paradigm works as 
guidance for how the research should be conducted (Collis & Hussey, 2014). This also means 
that each person’s thoughts in the study are subjective, it includes for example which 
technologies interviewees believe are important for a certain industry. It was appropriate, because 
the paradigm is closely linked with our choice of research design and methodology.  
 
In this master thesis a multiple case study methodology was used, mainly because we wanted to 
explore the phenomenon in a natural setting to obtain knowledge. Also, our aim was to 
investigate patterns among and within different manufacturing industries and firms. The strengths 
of the case studies are many and align well with the aim and purpose of the study; the 
phenomenon can be studied in its natural setting and the questions of how and why can be 
answered while at the same time consideration is taken to the complexity of the subject. Also, the 
case-methodology is preferable for early exploratory studies when the phenomenon is not yet 
understood and variables is unknown (Voss, et al., 2002; Yin, 2009). The strengths of the 
multiple-case study can be fully drawn considering the nature of our chosen topics and research 
question. 
 
In addition to the case study, Yin (2009) also present other research methods. “How” and “Why” 
questions favor the use of case studies, experiments or historial studies. However, the latter were 
not suitable because we focus on contemporary events and we do not require control of 
behavioural events. A survey was not conducted due to the limited time frame and because we 
believed it would not capture the full picture of the studied industries.  
 
We have used data triangulation in order to reduce bias in data sources. This means that data 
were collected at different times and from different sources, such as account managers and 
representatives from the firms used as case examples (Collis & Hussey, 2014). In practice within 
the thesis, data triangulation means that public industrial reports from case firms and other 
sources are used to validate and reinforce the concepts and findings in from the interviews. The 
published material in some cases also acts as a compliment to the interview in topics where the 
interviews provided scarce information.  
 
Since it was hard to predict how customers to The Tool Company would react to the 
technological transition of Industry 4.0, an abductive study method was used. The study method 
was used since we wanted to build theory based on empirics and avoid tunnel-vision. Empirical 
data was collected in order to construct theories and strategies in the concept of Industry 4.0. No 
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conclusion could be drawn using solely theory since the particular effects on the firms is 
unknown. This means that we were open to changes due to different empirical result than 
expected in the beginning (Blomqvist & Hallin, 2015). Therefore, problem formulation, purpose 
and research questions were continuously revised when reviewing literature and gathering 
empirical data.  

4.2	Data	collection		
The data collection was mainly performed at The Tool Company, which is a multinational firm 
with many divisions and a diversified product portfolio. To focus our research, we choose to only 
study four specific industries within one particular division which provide tools for industrial 
manufacturers except car manufacturers. The study also considers a similar industry within the 
Motor Vehicle Division, which is a part of The Tool Company and supplies tools specifically to 
the car industry.  
 
In this master thesis we were focusing on five industries in which The Tool Company has 
customers: Automation, Heavy equipment, Aerospace, Electronics and the Motor Vehicle 
Industry. Due to the limited time frame and the diversity of the customer operations in the 
division, we have chosen to focus on these five, even though The Tool Company has customers 
in other industries as well. By doing so, the case examples can be considered to be representative 
within the chosen industries. The case studies are on an industrial level, where we used firms as 
case examples. The firms written in bold in table 1 below, are the firms which we have 
interviewed. In order to analyze the interview material, a deductive thematic analysis was 
performed to categorize the interview-material as well as to validate our proposed themes.  
 

Table 1: Industries overview 

Industries Case examples 
Automation KUKA Robotics 

ABB 
Heavy equipment John Deere Engine Works 

Caterpillar 
AGCO 

Aerospace Airbus 
Boeing 

Electronics Siemens Electronics 
Foxconn 

Motor Vehicle BMW 
Tesla 

 
Throughout the processes meetings were held both with supervisors on KTH and at The Tool 
Company, where the research was discussed. The data collection was divided into two main 
parts: literature review and interviews, which is visualized in Figure 8.    
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Figure 8:  Gantt Chart 

 
Interviews - Study of customer industries  
Semi-structured interviews were held with managements at The Tool Company and other 
divisions with Industry 4.0 insight, which is visualized in table 2. The last type of respondent, 
selected case firms was the only one not conducted at The Tool Company. The interviews were 
divided into two parts, where the second round was used for follow-up questions on for example 
specific projects within The Tool Company. All interviewees can be found in Appendix A and 
the interview questions Appendix B and C.  
 
Table 2:  Interviews overview 

Type of Respondents Purpose 
Business Manager Introduction to business area (Aerospace, 

Automation, Electronics, Heavy 
Equipment and MVI)  

Industry 4.0 Experts Introduction to Industry 4.0 concepts 
R&D Managers Introduction to Industry 4.0 concepts and 

tools 
Account managers Identify customer needs and dynamics 
Selected case firms, external Identify needs and preferences related to 

Industry 4.0 
 
In order to gain a relevant picture of the customer thoughts and perception of the concept 
Industry 4.0, in-depth interviews with product developer and account managers were performed 
as well as with the R&D department at The Tool Company, which are considered to be relevant 
for establishing a deeper understanding of customer needs within the chosen industries. The 
purpose was to provide an accurate representation of how Industry 4.0 is perceived to change the 
customers demand and needs in the future.  
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Customer perception of the following topics was evaluated: 
• Perceived impact of Industry 4.0 technologies & degree of automation 
• How assembly is performed today 
• Current firm-specific initiatives in assembly 
• Perception of other future technologies 

 
Where possible and relevant, interviews were held directly with selected firms in order to confirm 
the provided picture from the previous interviews. These firms were selected after we had gained 
knowledge on Industry 4.0 and identified which firms that could be considered market leaders 
within each industry. In these interviews, stretching for 30 min to 1 hour, open questions 
provided an insight in their future needs and technological maturity regarding manufacturing. The 
interviews acted as material for a report that in-depth will display customer need on a qualitative 
level. The material can be used further to identify barriers regarding adaptation of technologies 
derived from Industry 4.0. This means that we developed an interview guide with a few topics 
and questions that should be covered during the interview. However, during the interview it was 
possible to digress and open up for new ideas to be discussed (Blomqvist & Hallin, 2015). The 
preferred outcome was to get an overview of the industries and what they believe and know will 
change.  
	
Since the time frame for the thesis was set to five months, this set a limit for how many 
interviewees that could be contacted and interviewed. Also, since many firms within the chosen 
industries have their operations abroad, there was a geographical constraint. Therefore, all 
interviews were held in Stockholm and/or by phone. 
 
Due to the fact that the studied phenomenon of Industry 4.0 is not established internationally, 
interviewees had a different perception of it. To meet this problem, we have chosen not to include 
the concept of Industry 4.0 in our questions to interviewees, but rather focus on the specific 
technologies and trends that are established and known among interviewees. However, according 
to Blomqvist & Hallin (2015) it is important that the respondents understand the associated 
components. Therefore, we always included a short description of the purpose of the thesis.  
 
Interviews follow-up  
About three months after the interview session started, we sent E-mails to some of the 
interviewees at The Tool Company consisting of follow-up questions. The questions were mainly 
based on the previous interviews and on the literature review. The aim was to help us to further 
investigate which technologies that are emerging in the different areas and to explain why and 
how Industry 4.0 emerge within different industries.  
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Literature review 
The first part of the literature review is focusing on theory needed to understand technology shifts 
and diffusion of innovation, I.e. why the fourth industrial revolution is emerging. The theory 
provides insight into both technological transitions on a macro level as well as organizational 
innovativeness. The theory is mainly based on authors which have made a large contribution to 
the research area, but we have also included some critique in order to emphasize issues.  
 
In order to provide a comprehensive overview and to conceptualize Industry 4.0, we have chosen 
three streams of literature; scientific papers, consultancy reports (which includes industrial 
reports as they are performed on a consultancy basis) and other literature which involves 
government reports. They are visualized in figure 9 below.  

 
Figure 9: Streams of literature within Industry 4.0 

 
The scientific papers on Industry 4.0 are quite limited, which means that we have extended our 
search to specific themes, such as Big Data, M2M and HMI. Readers have to consider the 
purpose of consultancy and industrial reports, which partly is to provide insight but also to 
provide future business. They are mainly focusing on what they believe the concept is, explaining 
the Industry 4.0 environment and the potential in technologies the following decades. Hence, the 
term and concept of Industry 4.0 is new, but the main idea and the technologies has been around 
for some time.  
 
The concept of Industry 4.0 includes a wide area of subjects and ideas, as the concept is new and 
the boundaries are unclear. It is therefore necessary to focus on the components of the concept 
that are considered most relevant and important for the firms. These components are determined 
by interviews and industrial reports. This sets the scope when researching the contextual effects 
of Industry 4.0, as we limit ourselves to the three themes within Industry 4.0 which are restricted 
subjects where we can study the effects. 
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4.3	Validity	and	reliability		
Through data triangulation, meaning we used different sources of information, we have increased 
the validity of the study. This was crucial in order to make sure that we are studying what we 
intend to study. Therefore, we started with an extensive literature review and interviewing people 
with great Industry 4.0 knowledge, in order to make sure our questions during the interviews 
would cover the most important concepts.  
 
We identified different groups of interests, for example business and account managers as well as 
customers and firms within each industry, which helped us identifying topics where the 
interviewees agreed and in which parts their input diverged. We also participated in the Industrial 
Internet of Things conference in Stockholm at the 10th of February, where we got further input 
from other kinds of companies, such as Tele2 and Ericsson. The validity of the thesis is 
maintained by continuously reviewing the links between problematization, purpose, methodology 
and research question. This includes changing the literature that is considered relevant for this 
thesis, as the light of new empirical findings can render some theories irrelevant.  
 
The most difficult part with a qualitative approach is to ensure reliability, since it is highly 
dependent on how we understand the reality (Collis & Hussey, 2014). Therefore, in order to 
increase the reliability, we have provided a description of the data collection methodology and 
the interview guidelines are provided in Appendix B and C. Most interviews were recorded and 
transcribed. Moreover, during all interviews notes were taken. Therefore, we were able to go 
through the material multiple times.        
 
The study considers the effect on selected industries and case firms, parts of the thesis results can 
be generalizable to other industries and firms with similar characteristics. In order to fully render 
generalizable results, more and smaller firms within the industries need to be studied. Due to the 
time-limit, it was hard to reach a wider set of firms or do factory visits. We argue that our 
selected case firms are sufficient since they are advanced within their respective industry, other 
firms will most likely follow in terms of assembly technology over time as they act as the "long 
tail".  Also, since there is a close link between The Tool Company and its customers, some 
empirical findings from customers can be considered as subjective, rendering a limitation of the 
thesis.  

4.4	Ethical	aspects	
Because the thesis will act as a strategy document for The Tool Company, we have to undertake 
to observe confidentiality concerning corporate affairs, such as pricing, constructions, 
experiments and studies, operating conditions, business affairs etc. Therefore, some examples and 
names were excluded from the published version of the thesis. An ethical issue within this thesis 
is automatization of manufacturing, which reduces the human involvement and results in layoffs 
and unemployment. However, according to the interviewees this is not a huge problem at the 
moment because human interaction in assembly is still needed to a high degree.  
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We chose not to publish the public name of The Tool Company, partly because we choose to 
interview some firms as KTH-students, omitting our relationship with The Tool Company in 
communications. This however decreased the subjectivity of the firms since they might have a 
bias towards The Tool Company. Before interviewing the customer or firm, we sent the purpose 
of our thesis as well as all questions, making our work as transparent as possible without 
jeopardizing the validity. 
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5. Results		
In chapter 5 we present the empirical result from interviews and industrial reports. We present 
five case studies, which are on industry level, with firms as case examples within each industry. 
In this chapter we are focusing on sub question 1: How do leading firms in varies industries 
apply Industry 4.0-technologies in bundles?  
 
Chapter 5 and 6 are together answering the main research question; How are different Industry 
4.0 technologies applied among and within varies industries? 

5.1	Case	1:	Automation	Industry	
In the first case study we are focusing on the automation industry, i.e. manufacturers of industrial 
robots and solutions for factory automation. We use KUKA robotics and ABB as case examples 
as they were considered to be front-runners within the automation area and produces HMI-
technology.  
 
Logics of production 
The dominant focuses within the industry are delivery time and enhanced quality. There is a 
balance between these two, since many quality checks will decrease the rate of production. In 
Europe the priority towards ergonomics and aiding the operator is also important. The production 
process is characterized by low volume, but still multiple product types (Interview 3, 2016; 
Interview 11, 2016; Interview 12, 2016). 
 
KUKA Robotics, one of the providers of automation technology has been able to incorporate 
several Industry 4.0 technologies in their own production. At KUKA, there is an outspoken focus 
towards shortening time to market and to some degree creating flexibility. The aim is to provide 
new production concepts at a faster rate; historically this has been a time-consuming task for 
them. Although KUKA provides automation solutions, they do not believe that full automation is 
the ultimate goal within manufacturing; rather they see an optimal mix between robotics and 
operators in the future. (Interview 18, 2016) 

	
Industry 4.0 technologies 
For the industry, it becomes clear that Big Data & Data Analytics will be more important in the 
future. Advanced firms are collecting data, both for legal reasons and to improve production 
processes (Interview 3, 2016; Interview 11, 2016).  
 
One firm which has come a long way in terms of data management in the industry is KUKA. 
They do not only see its production as Industry 4.0-ready, as they are already building the 
applications within Industry 4.0. The next step in technological advancement for the firm is 
collecting the data to a local cloud and managing it in order to create value. Another future 
challenge for KUKA is building an infrastructure which has the ability to manage robots to a 
greater extent; building a digital HR-department where robots are programed, trained and 
assigned. However, they believe that no firm has come to this point yet. (Interview 18, 2016) 
 



   
 

 
29 

 

Machine-to-machine communication examples are to some degree identified by the 
interviewees within The Tool Company, for example among advanced industrial robot 
manufacturers in Europe, as can be seen in case example where KUKA Robotics’ solutions for 
the connected factory is described. According to the interviewees there is a trend towards more 
wireless tools, and in the future there will most likely be less or even no controllers, each tool 
will instead have its own screen (Interview 3, 2016; Interview 11, 2016; Interview 12, 2016; 
Interview 19, 2016).  
 
A machine-to-machine interface within KUKA is used to replenish parts to the assembly of the 
robots; A mobile IIWA-robot (Intelligent Industrial Work Assistant) is connected to the business 
system as well as the material handling system, this robot can be seen in figure 10. Using 
information from this system, the IIWA-robot can collect and deliver parts to the right 
workstation. The technological challenges in implementing these systems are close to none since 
possibilities with subnets and multiple IP-addresses reduces the technical limitations. On the 
software side, KUKA is planning to deploy its own software for robotics and process 
management called Sunrise. The platform enables internal communication between the robots 
within the same cluster of processors in the software. This software can be considered to be a 
kinematic solution for connecting several types of robots, not just collaborative ones. (Interview 
18, 2016) 
 

 
Figure 10: KUKA Robotics - LBR iiwa (BusinessWire, 2015) 

 
Human-machine-interface solutions are developed and used in the automation industry, 
especially by KUKA Robotics, as they are providers of such solutions. As for their production, 
KUKA has the opportunity to test their products in their own assembly. They use the IIWA-
technology in combination with operators internally in order to build new robots. IIWA is a 
lightweight collaborative robot which assists operators in various production contexts. The robot 
requires no safety fences when working alongside humans and has the ability to learn and take 
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notice from the operator using sensitive technology (KUKA Robotics, 2015). Also, the IIWA is 
able to document and check its result continuously. The robot can be customized with one to five 
individual arms depending on which operation in the production is being performed. (Interview 
18, 2016) Similar to the IIWA, ABB launched the YuMi-robot in 2015, a collaborative robot 
designed for small parts assembly, especially the electronics market. The robot can, in analogy 
with the IIWA, interact with humans in assembly and be trained by humans on-site. ABB 
predicts that in the near future, collaborative robots will relieve humans from physically 
demanding tasks in assembly process which will render a better work environment (ABB, 2015). 

5.2	Case	2:	Heavy	equipment	
In the second case study we are focusing on the heavy equipment industry with John Deere 
Engine Works as our main case example. Other mentioned firms are Caterpillar and AGCO.  
 
Logics of production 
Quality is most important within the heavy equipment industry (Interview 6, 2016). Firms want 
to verify that the operators are using the right tool at the right moment, because of the high costs 
of faults and delays. The products are often used in harsh environments, making repairs costly 
and warranties expensive for the manufacturer. There is a rather high degree of variety and the 
volume within their production is relatively low. (Interview 6, 2016; Interview 15, 2016). As for 
other industries, next generation of operators will expect a digitalized factory with connected 
devices and interactive screens (Interview 23, 2016). 
 
There are large internal differences in terms of sophistication of assembly systems. There are a 
few leaders, such as Caterpillar, John Deere and AGCO in front when it comes to collecting 
information and controlling the whole assembly process. Smaller firms are not very advanced and 
are using more simple non-battery tools (Interview 6, 2016). Hence, large and small firms have 
different demand for improving its manufacturing processes as smaller firms without relevant 
infrastructure cannot take advantage of technology improvements.  (Interview 15, 2016) On the 
other hand, larger firms are eager to improve manufacturing processes, calibration of tools and 
service offering (Interview 6, 2016; Interview 15, 2016). 
 
When it comes to degree of automation, the interviewees agree that the heavy equipment industry 
is little behind other industries. Hence, some firms have a rather high degree of automation and 
acts as outliners. The low degree of automation is due to the large variation of products 
assembled and because the production rate often is low for heavy equipment products (Interview 
6, 2016; Interview 15, 2016).  
 
The bigger producers of heavy equipment are the most advanced, one of them is John Deere. 
John Deere Engine Works is located in Waterloo IA and assembles the engines for John Deere 
products. This production within Engine Works is the most automated of all assemblies. In this 
facility, one assembly line is a hybrid between automated assembly and manual assembly. All the 
other assembly lines are manual with the exception of some simple activities. (Interview 23, 
2016) 
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Industry 4.0 technologies 
Regarding Big Data & Data analytics, the more advanced firms collect data and the trend is that 
they are moving away from simple production processes and simple tools that are not collecting 
data. This is also due to the fact that their products are very advanced and there is more focus on 
measurement and data collection (Interview 6, 2016; Interview 15, 2016). For the industry 
overall, it is one way to go. One interviewee mentioned that there are several barriers for 
changing assembly technology, for example many systems are quite old and it is costly to change 
the infrastructure. Also, components for changing systems are missing, such as barcodes for 
scanning products and devices (Interview 15, 2016). 
 
John Deere Engine Works collects data from different sources. They have the ambition to create 
a “birth certificate file” for each engine. In this file, torque and angle data from each assembly 
step is stored in a common file so that service personnel can assess this file during maintenance 
and so on. All this data is today gathered, but stored in several formats and locations, making it 
time-consuming to compile this information to a common report. The challenge in managing and 
creating value from data, according to John Deere, lies in creating a standardized platform for 
collecting and analyzing data in the same place. This goes hand in hand with John Deere’s vision 
of being more proactive than reactive in its production process. There is also a demand for 
services such as proactive maintenance from tools supplier, i.e. tool suppliers should notify John 
Deere when a tool is sending irregular information and so on. John Deere also sees the potential 
in making data analysis autonomous. Currently data analysis has been time-consuming and needs 
to be done manually by skilled engineers, making this process autonomous would therefore be of 
great value. This requires building algorithms that finds patterns and works every time for each 
data set. (Interview 23, 2016) 
 
There is a demand among the larger firms for M2M communication solutions, i.e. to implement 
tools that are connected, in order for them to verify that the operator is using the right tool at the 
right moment as mentioned earlier (Interview 6, 2016). Identified solutions are the usage of 
sensors and real-time location systems together with a MES, where data is transferred machine-
to-machine (Ubisense, 2014). It is likely that smaller firms will follow this trend in the future, but 
there are a few barriers mentioned during the interviews which relates to old infrastructure in the 
factory (Interview 15, 2016).  
 
John Deere Engine Works sees great potential in the effects of digitalization on business systems. 
With the increasing number of devices and units in the factory, the ability to trace costs and 
revenues is perceived to be higher in the future. Using this information, investors and financial 
markets can get faster access to the financial health of a firm (Interview 23, 2016).   
 
There are only a few identified HMI solutions during the interviews, for example displays and to 
some extent industrial tablets. However, due to the extensive manual work it is expected to be 
more usage of operator guidance and wireless solutions. Smart glasses are an emerging 
technology which is helpful in the assembly process. AGCO has started using Google Glass on 
their manufacturing floor, as seen in figure 11 below. There are a number of applications, mainly 
in service and in the assembly process. The operator receives work instructions and the smart 
glasses can be used to scan serial numbers and apply information on components. It also 
enhances communication between workers (Powell, 2016). 
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Figure 11: AGCO smart glasses (Powell, 2016) 

 
Collaborative robots are rarely used at the moment within in the industry, because of economic 
barriers, this is also true for John Deere Engine Works. The reason is partly because it takes up 
too much space. Also, they prefer to have highly skilled workers to perform tasks than 
collaborative robots. As for user-friendly interface, they have made an active choice not to invest 
in this as they rather rely on robots to perform the tasks (Interview 23, 2016).  This means that 
heavy equipment is a little bit behind considering these technologies (Interview 6, 2016; 
Interview 15, 2016).  
 
For John Deere, the barriers in implementing new technology often lies within the investment 
decisions, it’s hard to justify larger investments where there the benefits are not proven, this is 
pointed out as an “American way”. It’s also a matter of how technologies affect the large degree 
of leverage in American firms. There will always be a balance between automation and operator 
processes according, as the primary mechanisms for automation are safety and ergonomics. After 
these mechanisms comes economics and scale; a robot needs to be busy in order for it to be a 
profitable investment, in contrast to operators where you can add more in terms of flexibility. 
(Interview 23, 2016) 

5.3	Case	3:	Aerospace	
In the third study we are focusing on the aerospace industry with Airbus as our main case 
example. Other mentioned firms are Boeing and SAAB. Airbus is one of the aircraft 
manufacturing firms that is working intensely with renewing its manufacturing through using 
Industry 4.0 technologies, since they have outlined the vision ‘Factory of the Future’ (Airbus 
Group, 2015).  
 
Logics of production 
All interviewees emphasize quality as most important in production of an airplane, as poor 
quality in sub-assembly and assembly can result in high fines being paid to customers as well as 
major reworks. It is also a question of safety for the end customer as malfunctions can be fatal. In 
the aerospace industry, the priority of delivery time and quality are tightly correlated. Quality 
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control is strict throughout the process, and if faults are discovered during the final check, time 
consuming reworks must be done in order to meet the quality demanded by specifications 
(Interview 1, 2016; Interview 13, 2016; Interview 14, 2016; Interview 16, 2016). One interviewee 
points out that if a zero-fault assembly can be facilitated, productivity could be higher as no 
rework needs to be done (Interview 16, 2016). Increasing capacity is a challenge for commercial 
manufacturer, both major airplane manufacturers have backlogs of several years and the market 
has doubled in size every 15th year since 1960 (Interview 1, 2016). Another part mentioned 
during the interviews is ergonomics, due to the physical stress on operators as a result of 
unsuitable work-positions (Interview 13, 2016; Interview 16, 2016). 
 
The rate of production is considered to be rather low in aerospace industry, partly because of 
rigid quality control, but also due to the complexity of processes and the high degree of operator-
work. Production and product development are strictly designed around regulations, leading to a 
rather slow rate of change that affects the layout of an airplane. The assembly process of an 
airplane is static; parts and components are typically sourced and delivered to a stationary 
assembly where the plane is assembled in steps. It is also mentioned during the interview that 
there is a change in mindset among the new labor force, where younger engineers are used to 
technologies such as tablets and smartphones. Therefore, they are more open to changes. 
(Interview 1, 2016; Interview 13, 2016; Interview 14, 2016; Interview 16, 2016).  
 
Because of the increasing market demand for airplanes, there has been pressure towards renewing 
the assembly plants. This includes lean manufacturing where some concepts have been borrowed 
from the automotive industry. For example, newer aircrafts are manufactured with moving 
assembly lines which increases flexibility (Secheret & Valentin, 2013). Currently, there is a 
dominant trend towards performing more sub-assemblies than before. The purpose is to make it 
possible to perform more steps in parallel and increase productivity. A trend is also to perform 
sub-assemblies as line-production for some parts in order to reach a higher degree of 
productivity. (Interview 1, 2016; Interview 13, 2016). Also, the increasing use of composites in 
aircraft-parts is creating a new demand in tools and processes in the manufacturing (Interview 13, 
2016). 
 
Due to the complexity in assembly, there is a low degree of automation within the Aerospace 
industry. Self-moving robots are to some extent used for drilling, in particular mid-body drilling. 
However, one interviewee points out that the robots currently are too slow in order for the 
method to be applied in a larger scale. Hence, 90 % of the assembly with one major airplane-
manufacturer is done manually by operators (Interview 13, 2016). One interviewee points out that 
it is only possible to automate to a certain extent as the internal work of the aircraft has to be 
done manually due to the high degree of complexity (Interview 1, 2016). The most critical part of 
aircraft assembly is the wing to main body assembly. Manufacturers are currently trying to 
automate this process in order to make it fault-proof. All interviewees agree on that the 
Aerospace firms are trying to automate more where possible, especially riveting and drilling tasks 
that are standardized and non-ergonomic for operators to perform (Interview 1, 2016; Interview 
13, 2016; Interview 14, 2016; Interview 16, 2016).  
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Industry 4.0 Technologies 
Data collection is overall not well developed, as one interviewee points out: “In aerospace we 
are a decade after MVI in terms of collecting and analyzing data” (Interview 16, 2016). 
However, what is upcoming within the industry is a willingness to analyze the data more. It 
includes techniques such as smart tools that give feedback when wear parts are being worn out. 
Airbus has for example more than 10.000 tools and few are saving data on a server and analyzing 
the data. This might be due to the fact that every bolt is checked many times which makes it 
unnecessary to save and analyze torque data on bolts (Interview 13, 2016). Assembly of an 
aircraft involves a large share of documentation; this part is rapidly being digitalized as 
paperwork is being done on tablets and computers (Interview 14, 2016). 
 
Machine-to-Machine communication, such as smarter tools that are able to communicate with 
other devices and to gather data, is the part that has been mentioned the most during the 
interviews. There is an overall demand of increasing the usage of battery tools, which are able to 
collect data. Due to the long cycle time and the complex assembly, there is a need to trace tools 
throughout the assembly in order to prevent foreign objects from being left in the aircraft after 
assembly. One major aircraft manufacturer is currently looking into this issue as foreign objects 
can cause damage if they are left in the airplane. Proposed technologies for solving this issue 
include RFID and GPS monitoring (Interview 13, 2016). Boeing is expected to switch to IPv6, in 
order to make sure they can provide enough IP-addresses locally. They are also developing an 
app, which will guide and train the operators in their work (Interview 16, 2015).  
 
Airbus is looking for more intelligent solutions for managing complex processes and for guiding 
the operator. This includes tools that give them proper feedback, extending from information on 
torque and angle to also include information related to changes in the material (Interview 13, 
2016). New types of material such as composites demands new types of tools. Smarter tools are 
also able to provide real-time decision making, which means that the tools will be able to 
understand which actions the operator will perform next. In summary, they demand tools that are 
able to automatically adjust to correct settings and are logging the result of the performed tasks. 
Data is stored locally in a Manufacturing Execution System (MES) database, which means that it 
is possible to analyze which processes that need to be improved (Lydon, 2014). Airbus has also 
implemented a system for tracking different components, where they are and when they are 
arriving at the final assembly (Interview 21, 2016). 
 
Airbus, Boeing and SAAB are trying to incorporate Human-Machine Interface in their 
assembly, because a large part of the assembly is performed manually. The overall trend is 
therefore to guide the operator and aid them as much as possible. SAAB has for example 
implemented visual screens for increased transparency in the manufacturing process (Interview 
14, 2016). This is also due to that they are forced to use new technologies because of the new 
material. Moreover, all interviewees see augmented reality as a valuable tool for the industry in 
order to perform service and product development. For example, measurement instructions can 
be directly projected into the operator’s field of view. Moreover, due to the often non-ergonomic 
working positions which creates problems with back and knees among operators, there is a 
progress towards developing solutions such as exoskeletons which can relieve the operators. 
Another solution that has been introduced is industrial tablets, where the input will be sent to a 
common server (Interview 13, 2016).  
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The operator guidance focus at Airbus is connected to production increase and quality, since it is 
important that tasks are performed correctly at the first time. Airbus has introduced industrial 
tablets which can be seen in figure 12, which are used for guiding the operator at the assembly 
steps. Since assembly involves thousands of steps there has been a demand of reducing the 
paperwork (Interview 13, 2016).  
 
 
 

 
Figure 12: Airbus - Industrial tablet (Airbus Group, 2015) 

Moreover, Airbus is developing an exoskeleton, a wearable robotic device, used for assembly to 
improve the ergonomic conditions. This will help workers with heavy lifting and to reduce 
pressure on knees and back (Interview 13, 2016). Airbus are working with augmented reality, 
where they have developed tool called the Realistic Human Ergonomic Analysis (RHEA). 
Through this tool the operator can enter a 3D-model by wearing smart glasses (Airbus Group, 
2012). 

5.4	Case	4:	Electronics	industry	
In the fourth case study we are studying the electronics industry with Siemens Electronics as our 
main case example. Another mentioned firm is Asian firm Foxconn.  
 
Logics of production 
The regional difference becomes clear when considering the logic of production and how 
manufacturing is performed. There is a distinction between designer and producer in terms of 
consumer electronics, as many products are designed and prototyped in EU/US but assembled by 
contractors in Asia. There is a clear difference between the designer priorities and the 
manufacturing priorities. Specifications and quality standards are set by the brand while the 
manufacturers often carry out the assembly to the lowest production cost. Most changes which 
are not related to productivity are therefore driven by the brand specifications (Interview 5, 
2016). It is also mentioned that one strong driver in the US and Europe is the new labor force, 
where they want to interact with new technologies and use them. Electronic firms in the US are 
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highly interested in young engineers that are passionate about changes which reinforces this 
(Interview 8, 2016).  
 
 
The Asian manufacturers are very focused on keeping costs down, where volume is very high, 
while the western firms are more focused on quality. This is because their production is focused 
on advanced products such as communication equipment which is often low-volume and has a 
higher product mix. As a result, a relatively high degree of manual work is needed in order to 
achieve customization.  (Interview 21, 2016).  Speed to market is key for Asian producers, but 
flexibility is also emerging as important as product cycle times are getting shorter and new 
products needs to be taken into assembly at a faster rate (Interview 5, 2016). 
 
A higher automation is the goal of most assemblers, as this increases the consistency in the 
quality and removes human interaction from the process, thus making it fault-proof. This 
development is further propelled by the reduced price of automation solutions and rising wages in 
Asia. In the Electronics industry, automation is a strong ongoing trend, many firms have 
automation groups or have bought an automation company. For example, Foxconn has developed 
an industrial robot, where they have a target of 30 % automation in 2020 (He, 2015). Hence, 
many electronic manufacturers have tried to automate processes in their assembly but failed. 
These failures are often due to the small screws required to assemble a computer or smartphone. 
Industrial robots in factories today are not capable of picking up small screws and assemble them 
in a suitable way. As a result, many of the assembly operations in electronics are kept manually 
(Interview 5, 2016).  
 
Siemens Electronics, producing Simatic programmable logic controller (PLCs), has an electronic 
plant in Amberg, Germany, which is one of the most advanced production plants within the 
Electronics industry. One of Siemens’ focus area is digitalization and they are part of the Industry 
4.0 platform in Germany (Interview 20, 2016). The Amberg facility can be seen in Figure 13.  
 

 
Figure 13: The Amberg facility (Zaske, 2015) 
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Industry 4.0 technologies 
The degree of connectivity and data collection varies within the industry and willingness to 
collect and analyze data is different depending on the specific customer. For example, Foxconn in 
Asia is not considered to be advanced, since they do not collect and analyze data to a great extent. 
However, Electronics designers in the US are more interested in traceability. The use of data and 
connectivity is perceived to increase in the future, as manufacturers improve their performance in 
analyzing the data collected. According to one interviewee, the electronic industry is behind other 
industries in data management and building a connected factory. (Interview 5, 2016) 
 
The Siemens Electronics plant in Amberg are using a factory execution system, or a networked 
production system, which enables the whole factory to be connected. Through the usage of 
sensors and data analytics they enable an efficient production with higher quality (Siemens, 
2015a; Interview 20, 2016). With the high degree of automation, digitalization and 
measurements, Siemens has reduced the number of defects in their production in the smart 
factory from 500 errors per one million actions (DPM) to 12 DPM (Interview 20, 2016). 
 
For the electronic industry, the degree of machine-to-machine communication is rather low, but 
there is an increasing demand for such solutions. As will be seen in the Siemens Electronics case 
example, there are solutions ready in Europe. It is mentioned during the interviews that 
technology moves too slowly in terms of robot technology while robot software is moving much 
faster. The result is a mismatch in speed of development between software and hardware. 
(Interview 5, 2016; Interview 8, 2016; Interview 21, 2016) 
 
Siemens Electronics is one example of the future factory. The smart factory is highly automated; 
up to 75 % of the production is handled by machines and computers. It is running on their own 
software, which Siemens also is selling to its manufacturing customers. It is also a good example 
of implementation and usage of Life Cycle Management solution. This means that the R&D 
department and the shop floor, where the products are made, can exchange information 
simultaneously and proposed products can be tested in a virtual workshop. (Zaske, 2015) 
 
There is an overall future demand for human-machine interface, such as collaborative robots 
which can safely interact with humans in the assembly process. This is because many manual 
steps in production is still needed due to the small components. An interviewee responsible for 
the western market at The Tool Company states that quite many collaborative robots are being 
implemented, especially in tech centers where there is a need for better interaction between 
automated steps and operators. However, at the moment there are quite few robots, but as 
technology gets better, more options are expected to be in use the following years. (Interview 5, 
2016; Interview 8, 2016; Interview 21, 2016) 
 
Human-machine interface is also an important part of the smart factory, where Siemens is 
experimenting with new solutions. One reason for implementing HMI solutions is according to 
one interviewee the focus on ergonomics and visibility (Interview 20, 2016). Solutions provided 
by Siemens are at the moment mainly touchscreens and panels, such as the SIMATIC HMI 
Panels, used for on-site operations and monitoring of machines (Siemens, 2015b).  
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5.5	Case	5:	MVI	Benchmark	
In this part we are studying the Motor Vehicle Industry (MVI), with main focus on BMW's work 
with Industry 4.0 technologies. Another mentioned firm is Tesla Motors.  
 
Logics of production 
The MVI is covered by a parallel division of The Tool Company. Some firms in the MVI have 
progressed further compared to the others in introducing Industry 4.0 technology.  
 
As for driving forces within the MVI, both quality and flexibility are named as important since 
the number of product variations is increasing in the MVI assembly process. Another driving 
force is scalability, which can be described as the ability to implement technology in several 
places simultaneously with a cost-efficient result. Manufacturers wish to achieve a higher degree 
of error-proofing and operator guidance in the assembly. The need of quality also includes the 
ability to monitor products throughout the entire value chain from tier 1-suppliers to the garage of 
the end-customers, this includes collecting data from suppliers in order to improve models and 
synchronize the value chain. Apart from this, efficiency is still important in terms of reducing 
stops, downtimes and achieving cost reductions in general. As MVI industry is pursuing shorter 
time to market and more and more product variations is appearing in the assembly, a larger 
degree of flexibility is needed. (Interview 22, 2016) 
 
Within BMW today, flexibility is the current main focus as they aim to expand its number of 
different models without needing to add additional production lines. The result is a need to create 
many different car models on the same production line. In order to achieve this, BMW is using 
modularization, which in practice means the same platform for several car models. They also use 
flexible tools and machines which can be used for several models. Due to the high degree of 
flexibility in production, BMW has a relatively low degree of automatization in production as 
they value the flexibility that physical operators provide; only a few steps such as attaching tires 
are automated in assembly. BMW are currently not looking into automating production steps, 
they rather focus on building automations that supports operators, such as collaborative robots 
(Interview 24, 2016). The opposite is true for Tesla Motors, even though they also demand a high 
degree of flexibility. They use a lot of robots in their facility, even though they demand a high 
degree of flexibility. However, they use a higher degree of wireless tools compared to other MVI 
firms (Interview 8, 2016).  
 
Industry 4.0 technologies 
BMW is considered to be one of the leaders in the MVI in terms of production technologies. One 
interviewee explains their position using their company size; they are large enough to construct 
the infrastructure, but small enough to make it happen compared to bigger manufacturers with 
larger rigidness such as the Volkswagen group. (Interview 22, 2016) 
 
One point where BMW is diametrically different than the other industry-examples is in terms of 
the technology push-pull. Where The Tool Company wants to transform their customers in terms 
of production technologies, MVI-customers are more focused on transforming themselves. The 
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push-pull relationship is therefore reversed compared to other industries. A unique feature for 
BMW is its current dual vision for digitalization where there is one for making industry 4.0 
effective and beneficial within production and one is for integrating new technology in its 
products (Interview 24, 2016). The same is true for Tesla Motors; they are one of the most 
advanced firms with in the motor-vehicle industry. They have a higher focus on software 
solutions and there are overall lower barriers concerning being creative (Interview 8, 2016).  
 
As far as Internet of Things solutions and interconnectivity goes, these are important parts for 
many firms within the MVI. This is due to the increased focus on additional services and 
connected cars (Experton Group, 2015). In this part BMW is Industry 4.0-ready. Every car in the 
assembly line can be traced using a tag-based location system, and all data is visible and available 
through screens, the next step for BMW is to analyze tool data and develop the analytics. 
(Interview 24, 2016). 
 
Within the part of assembly that involves customization and complex tasks there are a need to 
involve operators and operator guidance to a larger extent, i.e. HMI-solutions. In this case, 
BMW sees great potential in augmented reality such as smart glasses and context sensitive 
assistance systems (smartwatches) which help operators prepare for the assembly process. The 
aim of the smart glasses is to be able to perform faster quality checks and tests by using the 
camera and motion sensor in the smart glasses. (Interview 24, 2016) By using this technology, 
operators can be trained faster and do no longer need to walk between the test object and the 
stationary computer during each test (BMW, 2015a).  
 
 

 
Figure 14: BMW - Smart eyewear (BMW, 2015a) 

Smart glasses can be used not only to help operators choose the right tool to the right application, 
but also in accessing models faster in the product-development process. (BMW, 2015a; Interview 
22, 2016). Example of one applications can be found in figure 14.  
 
For the future, BMW sees potential in the progress related to 3D-printing, this in order to 
manufacture parts as well as entire cars from scratch. As for automation, BMW sees a potential in 
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connecting several automated stations into one integrated process where several production steps 
are integrated with each other (BMW, 2015b). It is however stressed that this requires a greater 
flexibility and compatibility in terms of software and hardware in the robotics-area, which are 
currently not available. (Interview 24, 2016). 
 

5.6	Summary	of	results	
In order to summarize the results, we map the selected industries in the product-process matrix in 
figure 15. This is done with the purpose of providing an overview of the different product 
characteristics and process types in the selected industries.  

 
Figure 15: Selected industries mapped in the product-process matrix 

 
Having a sufficient and scalable IT-infrastructure such as a MES is pointed out as key for being 
able to create value from Industry 4.0-technologies. Industry 4.0-technologies, such as M2M and 
Big Data, put increasing pressure on creating software platforms for managing robots, plants and 
data. Current software platforms will be put to the test as new layers of software and units will be 
added. To manage this stress, which previously has been out of scope for most manufacturing 
firms, interaction and possibly integration with software firms is necessary. Collaborations with 
larger software firms have been necessary for those firms which have been able to create an 
interconnected factory.  
 
There is an overall need and demand for implementing solutions for a connected factory, i.e. an 
online network of tools, machines and operating systems. Cyber-physical system is, as mentioned 
in the empirical background, a central concept in the Industry 4.0 vision, since it connects the 
physical and digital world. However, different industries and firms within industries are at 
different stages at managing interconnected system inside and between factories. Moreover, the 
need for collecting and analyzing data varies. 
 
Many firms already have a sensor network, collecting data from machines and tools, but the most 
advanced use data for predict future behavior of machines and external factors Derived from the 
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cases mentioned in section 5, we have identified a trend towards implementing a cyber-physical 
system. The three cases, Automation, MVI and Electronics in Europe are considered to be 
leading examples, while Aerospace and Heavy Equipment are following. 
 
In table 3 we summarize the case studies. For each Industry, we display the chosen case company 
as well as their logic of production, consisting of the main competitive priorities in the industry. 
The outlined logic of production consists of the dominant competitive priorities, while the not 
dominant competitive priorities can be seen as non-objectives but still a part of the production 
logic.  In the right column, we present the most important technology initiatives related to 
Industry 4.0 in each industry as well as to what degree firms have adopted solutions for the 
connected factory and operator guidance.  
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Table 3: A summary of technological initiatives, logic of production and case examples of the respective industry 
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6.	Analysis		

In the following section we present a framework describing how focus in assembly improvement 
technologies is directed. Added to this, we analyze the common themes found in the case studies.  
In this part we will answer sub question two: 

• What factors determine how and what Industry 4.0 technologies are adopted among and 
within the selected industries? 

 
Together with the result in chapter 5 they form the answer to the main research question:  

• How are different Industry 4.0 technologies applied among and within varies industries? 

6.1	Connecting	logic	of	production	and	technologies		
Firms are in different stages in their transformation process towards advanced manufacturing 
systems, and the demand for new solutions is depending on their logic of production. Cost 
efficiency is something that all firms strive towards to some degree, as there is dependency 
between improving quality, flexibility, ergonomics and cost-efficiency. Improvement of the 
priorities translates to lower costs to some degree; higher quality means less scrap and reworks, 
better ergonomics means less sick leaves, higher flexibility means lower fixed cost for the same 
product mix, shorter delivery time means shorter backlogs and better ability to fill orders. By this 
reason, we have excluded cost-efficiency in this part.  
 
In table 4 below, we have mapped the logics of production: quality, flexibility, ergonomics and 
delivery time.  For each we have identified benefits which are found if the suitable technology is 
implemented.  
 

Table 4: Logic of production and benefits with Industry 4.0 

Logic of production  Benefits 
Quality Real-time control 

Preventive 
maintenance 

Flexibility Customization 
Dynamic workstations 

Ergonomics Improved work 
conditions 

Delivery time Increased speed to 
market  

 
 
Many technologies affect all these priorities and they are connected to each other. Therefore, we 
have identified them as technology bundles, in which several technologies are interconnected. 
The two bundles of technologies are the connectivity bundle, which refer to the digitalization of 
manufacturing, and the HMI bundle, which are technologies for operator guidance.  This means 
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that implementing these technologies can lead to better quality, flexibility, ergonomics and 
delivery time all together. Below we are analyzing the logics of production, and how the Industry 
4.0 technologies are connected to them.  
 

6.1.1	Quality	
Higher quality is a strong demand within all the studied industries, especially for firms within 
Aerospace, Heavy Equipment, Automation and MVI but also to some degree within the 
Electronics industry in Europe. This competitive priority is highly depending on type of product, 
production volume and the degree of critical operations in assembly. The reason for 
implementing technologies in order to increase quality is mainly driven by costs associated with 
errors. If the cost of errors is high, it is more likely that the producer will focus their efforts on 
minimizing faults. The technologies will enable preventive maintenance and real-time control, 
which will decrease the number or errors in production.  
 
We have chosen to outline smart tools as a technology enabler for increased quality, because it is 
critical for the control and analysis of tasks in the assembly line. It is however connected to M2M 
communication and Big Data & data analytics. The connectivity bundle provides solutions for 
operating management of tools and machines as well as tracing products, operators and 
components, which are used for optimizing the usage of machines. However, this is one part that 
in many cases is not well-developed, even if firms are collecting data and analyzing data to some 
extent.  
 
The HMI bundle was often mentioned during the interviews, since it is crucial to develop when 
manufacturing is not automated to a high degree. The benefits of this feature are vast; operator 
training can be shortened and processes can be made more fault-proof. Identified technologies 
within is industrial tablets, smart glasses, collaborative robots and smart-watches, which are 
guiding and aiding the operator through the steps at the work stations. 
 

6.1.2	Flexibility	
Flexibility, as a competitive priority, is strongly connected to the variety of products and the 
length of product life cycles. For example, there is a trend in Heavy Equipment and MVI towards 
producing customized products, which put pressure towards adapting manufacturing systems fast, 
but still cost-efficient to meet the changing demand. Clearly, product complexity has an impact 
on how much of the assembly that actually can be automated. Assembly steps can be complex 
and hard to automate due to advanced processes in assembly such as the cable routing inside an 
airplane or customization of cars. Therefore, there are differences in how firms direct their 
improvements in assembly systems. Firms have different conditions for automating tasks where 
product features set the boundaries; this is related to strategy as operators can deal with a higher 
degree of flexibility. 
 
The identified benefit is the opportunity of a more dynamic process, meaning more types of 
products on the same assembly line or the opportunity for workers to move around between 
different workstations. This also includes mobility inside factories, where wireless tools are 
identified as a solution in order to perform different tasks with the same tool. This demand for 
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this type of solution is greatest in MVI, but there is a rising demand within the Aerospace 
industry in order to reduce the number of tool-changes.   
 
The technology bundles have the opportunity to enable greater flexibility. The connectivity 
bundle is connected to traceability of tools and products, which will help the operator and the 
firm to optimize the operations and the logistics chain. For example, through the connected 
factory machines and tools will know in advance the tasks and will know what operations the 
operator should perform at each station and adjust to these settings.  
 
Through HMI elements, a higher degree of flexibility in product variations can be achieved. The 
simple reason is that humans are more flexible than robots, which means that operator guidance 
is a vital part for firms to meet drastic demand changes or changes in product mix. This 
technology bundle involves different aids to operators such as smart glasses, smart watches and 
portable screens. These devices aid and enhance the operator’s ability to perform complex tasks 
and increase the ability to be flexible in assemblies. 

 

6.1.3	Ergonomics	
The importance of Ergonomics can especially be seen within the Aerospace, but also to some 
degree in the Heavy Equipment industry as well as in MVI, mainly in Europe and the U.S. Due to 
non-ergonomic working positions, which create physical stress on back and knees among 
operators, there is a driver towards developing solutions such as exoskeletons which can relieve 
the operators. However, this is a technology that is not expected in the near future, but it is tested 
to some degree by for example Airbus. This means that HMI solutions have the strongest 
connection to the ergonomic focus. However, other technologies are considered to improve the 
work conditions to some degree. For example, through Big Data and data analytics firms can 
analyze the ergonomic workload, there are however few firms which has taken this type of data 
analysis in practice. 

 

6.1.4	Delivery	time	
One of the main benefits with Industry 4.0 is increased speed to market, which has been 
identified as a priority in some industries, especially where product life-cycle is short. This is the 
case in the Aerospace industry, where high demand has resulted in long backlogs and a need for 
faster production time. Attempts to shorten delivery times can be interpreted mainly through the 
connectivity bundle, where M2M communication and data analysis enable faster information 
flow between R&D and the assembly floor. The result is preferable an integrated assembly with 
no downtime or lack of components.  
 
The connected factory also has the ability to faster adapt to market changes and create a faster 
assembly process, as machines and tools can be configured automatically to a chosen product 
type. In addition to this is the benefit of faster, virtual prototyping, through virtual augmented 
reality, products can be tested in virtual workshops and render a shorter development time, which 
is part of the HMI bundle.  
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6.2	Common	themes	in	the	case	studies	
In this part we focus on some of the identified patterns in the case studies, that are not directly 
related to the technologies and the logics of production.   
 

6.2.1	Changes	in	labor	force	
Interviewees in all segments have pointed towards changes in labor force as a major driver of 
change towards increasing digitalization. The increasing use of tablets, apps and smartphones 
among children and youths is perceived to create a habit and a demand within the labor force to 
use these solutions in their professional work as well. As a result, both engineers and operators 
will take digital solutions for granted in the factory of the future and this will act as a propelling 
force towards digitalization of the factory floor. One interviewee describes the change in labor 
force as a “tech train” where young and tech-savvy employees have higher demand to try new 
things and to be entertained in their profession. (Interview 8, 2015) If they are not entertained, 
they go someplace else. Hence, engineers in the western world are currently the front-runners, 
although the “tech-train” will reach the rest of the world over time and establish a new 
generation of labor force.  
 

6.2.2	Demonstrations	
There is a tendency from manufacturing firms towards testing technologies in protected 
environments; firms such as KUKA Robotics, Siemens Electronics, Airbus and BMW try to test 
new technological solutions on a very small scale.  The scope of these tests is often limited to one 
station in assembly (BMW and Airbus) or one factory (Siemens, KUKA Robotics). Although 
these tests of technologies might not lead to a firm-wide implementation or benchmark, the 
marketing aspect of these tests should not be underestimated. By building futuristic showrooms 
such as “Factories of the future”, suppliers of manufacturing equipment such as KUKA and 
Siemens can build their brand and strengthen the association with Industry 4.0. This provides an 
opportunity for industrial providers to create a sense of urgency among their customers and boost 
sales. 
 

6.2.3	Regional	patterns	
The identified pattern in barriers of change is large regional differences within all industries. In 
the US firms are more concerned of security, i.e. inability to share information and data due to 
secrecy and legislative issues. Low relative advantage of implementing Industry 4.0-technologies 
is a barrier for Asian firms, which supposedly is a result of the low cost of labor.  The barriers are 
overall lower in Europe, which is believed be due to the Industry 4.0 initiative and awareness in 
Europe. 
 
Regional patterns also appear in the different logics of production. There are overall higher 
production volumes in Asia and less sophisticated production and assembly. Ergonomics are 
considerably more dominant in the logic of production among American and European firms 
compared to their Asian counterparts. Few initiatives, such as implementing HMI-technologies, 
with the aim to improve ergonomics has been identified among Asian firms, this can be seen as a 
result of low costs of labor, low-skill level and poor legislations regarding work conditions. 
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Therefore, the cost of training and replacing operators becomes low. As wages, awareness to 
work condition and skill level rises, more ergonomics focused initiatives will appear among 
Asian firms.  
 
Overall, quality is important in the logic of production regardless of industry or geography. The 
dominance of Quality in the production logic is highly dependent on the cost of faults, this cost is 
substantial in aerospace, certain products in heavy equipment and in MVI. Since these industries 
have their production in Europe and the U.S., this can partly explain why there is regional 
differences in the role of quality.  
 
Although many of the firms investigated are global and has production sites in many countries, 
there is a distinction in ability to try new concepts between non-European firms and European 
firms. Firms such as BMW, KUKA Robotics and Siemens Electronics have all been able to 
incorporate new technology in their production on an experimental-basis. On the other hand, 
American firms are more skeptical towards these kinds of tests as their direct financial impact 
often is unknown. The reason might be the European firms’ ability to benchmark technological 
initiatives towards each other. 

6.3	A	roadmap	for	HMI	
As outlined in this thesis, Industry 4.0 can be considered as bundles of technologies where each 
can be fitted in the nested network described by Geels (2002). In this section, the aim is to 
describe the paths of the identified technology bundles through the nested MLP-network 
presented by Geels (2007). We use the descriptions of pathways in order to explain how the 
different levels (niche, regime and landscape) are linked together when a technology is emerging. 
This helps us understand the enablers of innovation and how technologies are applied. We choose 
to apply the MLP-network only on the HMI-bundle since the connectivity bundle is too diverse 
and hard to delimit. The connectivity bundle is therefore hard to generalize and the anomalies in 
such analysis would be many as it includes both hardware and software elements. 
                  
Bundle: Human-Machine interface (HMI)  
HMI incorporates interactive touchscreens, exoskeletons and collaborative robots in 
manufacturing processes and digitalizes operator tasks. Although the technology of touch screens 
and robots able to interact with humans has been available at the consumer market for some 
years, industrial applications have not been feasible nor available. As seen in the results, firms are 
now demanding and testing HMIs that fit industrial applications. 
	
Viewing HMI as a bundle of technology in the light of Geel’s MLP-network can provide a 
prediction for the future of HMI. We can study the pressure on different levels and explain it as 
an ongoing technological transition.  
 
One can argue that recent changes in consumer culture and perception of robots, touchscreens 
and glasses have created a pressure on the sociotechnical landscape level. This has translated to a 
shift of consumer culture and a demographic shift as new employees has other expectations of 
technology in their professional work.  Although consumer behavior is a part of the regime-level, 
the accumulated changes of consumer behavior in other regimes such as software, robotics and 



   
 

 
48 

 

portable devices can be perceived to change the sociotechnical landscape in other areas such as 
the HMI-bundle. In this case, we perceive it to cause a change in sociotechnical landscape for the 
HMI-bundle. 
 
Still, there are generally few innovations which can meet the demand as suppliers of industrial 
touchscreens, exoskeletons and collaborative robots has just recently introduced products at the 
market (Google glasses, IIWA, YuMi). The lag in development for several HMI for industrial 
applications can be interpreted as little readiness in the niches; innovators has just recently 
launched their products and developments of the technology is ongoing. As seen, collaborative 
robots, smart glasses and industrial touchscreens are used to a limited extent across industries. 
 
With pressure on a landscape level, stability in the regime and little pressure and readiness in the 
niches, the result of this type of transition path is according to Geels a change of directions in 
innovation and development paths from regime actors. This could be a possible outcome in the 
case of HMI-solutions when regime actors might try to incorporate various solutions on the 
factory floor. During this thesis, we have seen empirical evidence of this gradual incorporation in 
firms.  

6.4	Perspective	on	innovation	
Earlier we have analyzed how the production logics and the Industry 4.0 are connected. However, 
it is also of interest analyzing why these technologies spread throughout the chosen industries and 
how this is related to theory and earlier studies. This is a question of both the diffusion of 
technologies, but also the rate of adoption. However, the theory is mainly focusing on single 
technologies and not at technologies as a bundle.  
 
Technology-Organizational-Environmental (TOE) framework is suitable when analyzing the 
aspects of a firm’s ability to adapt to new technological innovations.  Initially, we analyze the 
technological context for the chosen technology bundles, which is defined by the attributes of 
innovation presented by Rogers (1995).  
 
1. Relative advantage  
One important attribute is the relative advantage of an innovation. Overall, all Industry 4.0-
technologies are related to cost savings as well as the other competitive priorities, even though to 
different extents. What firms perceive as an advantage is different among the industries since it is 
depending on their logic of production. 
 
The HMI bundle has been identified as interesting for almost every studied firm in the industries, 
because of the vast benefits of this implementation. For example, we have identified firms, such 
as BMW, that were not willing to invest in new industrial robots or collaborative robots because 
they believed humans were more flexible and did not see any cost savings. Moreover, the 
advantages of the connectivity bundle are vast, where traceability of tools and products as well as 
error-proofing is mentioned.  
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2. Compatibility  
Since we argue that the Industry 4.0 can be seen as technology bundles, it becomes clear that they 
have to be compatible with each other. This includes an IT infrastructure where existing and new 
tools and machines can be connected. For example, the studied case examples use tools from 
more than one provider, which means that a cloud solution and a platform for collecting and 
analyzing data might not be a closed system. Moreover, KUKA Robotics has their own industrial 
tablets, which are sold together with the industrial robots, where the open interface provides 
compatibility with third-party software (Interview 18, 2016).  
 
3. Complexity 
There are differences between the technology bundles in terms of complexity. Within M2M-
interface there are currently available solutions for firms which can be implemented relatively 
easy. In Big Data and analytics however, there is issues regarding how data is going to be 
analyzed. Currently, there is a complexity in developing the functioning algorithms for 
autonomously analyzing patterns in production, robotics and tool data. This issue has proved to 
be the biggest barrier for the diffusion of the Big Data and analytics bundle. As for the HMI-
bundle, there are variations among technologies in terms of their ease of use. Smart watches and 
touchscreens can be implemented relatively easy while collaborative robots are harder to 
implement since they require configurations of assembly line design.  
  
4. Trialability  
As seen, firms often test various elements from the technology bundles in small scale-settings 
such as a single stations or demonstration facility. It gives the possibility to test with smaller 
economic means and risk. Tests provides valuable data regarding the technical and economic 
benefits of a given technology and makes it possible to consider the scalability.  There are 
however barriers to what is trialable, advanced IT-infrastructure and tests of M2M-software is 
hard to build on a trial basis as it requires heavy investments and risks, the result can sometimes 
be an all-or-nothing investment decision.   
 

5. Observability 
When firms decide upon investment in innovative technology, they aim for a certain payback 
time. For non-proven technology which is hard to test in small scale settings, the economic 
benefit of the technology is unknown. There are elements in both technology bundles where the 
benefits are unknown and initial investments are high, an example is infrastructure for M2M-
interface which have unknown benefits and is hard to test in a small setting. This is the case at 
John Deere where the lack of investment support makes it hard to justify tests of Industry 4.0-
technology.  
 
The environmental context is significant in the Industry 4.0 adoption. For example, we have 
identified that the effects of competition and industry-life cycle can explain why MVI is more 
industry 4.0 ready than other industries. The same is true for the intensive competition between 
Airbus and Boeing. They are experiencing a greater pressure towards change and improving the 
production processes. Another part is high wages for workers in Europe and the U.S., which put 
pressure towards finding new solutions in the production.  
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Within the organizational context we have to some extent identified that certain firms, such as 
BMW, have an attitude towards change which partly can explain why they invest in new 
technologies in production. Even though not investigated, the empirical findings indicates that 
larger firms are more advanced and have adopted new technologies to a greater extent. Therefore, 
firm size will most likely have a positive effect on technology adoption. Moreover, one 
conclusion from the empirical findings is that having a sufficient and scalable IT-infrastructure, 
i.e. enough technological readiness, is very important for being able to create value from Industry 
4.0-technologies since many technologies includes a software component able to transfer 
information.   
 
Macro perspective 
In a broader perspective, Industry 4.0 is not mainly considering incremental and radical 
innovations, but rather clusters of technologies with major effects on whole economies, which 
Perez (2010) defines as ‘changes in techno-economic paradigm’. The emergence is broadly 
explained through three main areas (Perez, 2010): 
 

1. Changes in the cost structure 
2. The perception of opportunity spaces 
3. New organizational models 

 
Industry 4.0 includes many technologies which are not considered new; sensors, analytics and 
industrial robots have all been available for many years. The reason why these technologies have 
been adopted to a wider scale within the Industry 4.0-umbrella is partly related to cost; 
bandwidth, computer power, robots and sensors has become cheaper during recent years. At the 
same time, the performance within many of these technologies has improved dramatically as an 
effect of Moore's law. Hence, the incremental improvements and the decrease of costs have 
enabled Big Data-services to be developed as well as Internet of things-systems and collaborative 
robots. Simplified, Industry 4.0 was triggered by decreasing costs and increased availability and 
performance related to digitalization technology, this reached a tipping point where which firms 
finally could use the technology in practice with an economic benefit. 
 
One can also argue that many of the technologies are following growth in certain markets, 
something which Geels (2002) considers as a significant mechanism in technological 
transitions.  Both industrial touchpads and Big Data are technologies which are riding along with 
market growth in consumer-market touchscreens and cloud-based services. This means that the 
technologies open up for new possibilities, where consumer goods are used and applied in new 
environments. The perception of opportunity spaces will then direct the investments and 
innovation. Lastly, the technologies are transforming how factories and business are organized. 
This is because the new technologies are changing business models, such as more customized 
goods, and the patterns of how we work and consume goods (Perez, 2010). 
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7.	Discussion	

In this part we discuss and compare outcomes from the analysis and the result in the light of 
theoretical concepts such as DOI and MLP. We do this with the aim of drawing general 
conclusions regarding the topic of Industry 4.0 and pave way for further studies. Finally, the 
impact of the thesis on sustainability is described. 

7.1	Results	compared	to	industrial	reports	
The purpose of this thesis is to investigate how Industry 4.0 will affect behavior and demand in 
different industries with regard to production logics. In this section, we have compared our 
results with consulting reports with regards to technology and production logic.  
 

7.1.1	Technologies		
Industry 4.0 is a fairly new concept and not fully defined. Therefore, in our thesis we try to 
delimit Industry 4.0 as much as possible to two technology bundles in order to build a concept 
that is possible to grasp. The defined two technology bundles, outlined in the analysis, are our 
own definition, but they are based on the combination of the empirical findings and the industrial 
reports.  
 
The result is that some technologies with potential impact have been left somewhat outside of the 
scope of the two bundles; 3D-printing was mentioned by some of the interviewees as an 
important concept besides our two bundles of Industry 4.0-technologies, but the technology was 
mainly considered to have an impact within product development and rapid prototyping. This 
view is reinforced by a Deloitte-report surveying Swiss manufacturing companies, in which 40 % 
definitely agrees that 3D-printing or additive manufacturing has potential to be a key technology 
in the area. (Koch & Schlaepfer, 2015).   
 

7.1.2	Connection	technologies	and	logics	of	production	
As stated previously in this thesis, consulting firms have performed extensive work in surveying 
and analyzing the digitalization of manufacturing that is Industry 4.0. However, the scope and 
depth of these studies have differed, making it hard to compare results.  
	
A comparable study is performed by consulting firm McKinsey (2015). This report suggests that 
Industry 4.0 will resolve “digital inefficiencies” and unlock potential along eight different value 
drivers. These value drivers are similar in definition to the strategic capabilities and production 
logics presented in this thesis. There are other similarities, McKinsey chooses to point towards 
increasing efficiency as the main force behind these drivers while we point towards the cost-
efficiency. In addition to this, McKinsey has identified a number of “Industry 4.0-levers” which 
are similar to the components in the technology bundles presented in this thesis. McKinsey bases 
the “Industry 4.0-levers” on 50+ interviews with experts in the manufacturing sector, which 
explains why they managed to identify a wider array of technologies and value drivers than in 
this thesis. The McKinsey report also presents an estimate of potential impact of the value 
drivers, something which has been out of the scope in this thesis. 
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Similar to our connections between Industry 4.0-technologies and logics of production in the 
analysis, McKinsey connects each value driver with their corresponding Industry 4.0-levers in a 
framework called the “Digital compass”. This framework maps different technologies with the 
corresponding value driver that is perceived to drive the progress within the area. 
 
To sum up, the McKinsey report is the most comparable towards this thesis. The analogies are 
clear as similar results are used presented in connecting technologies/levers with their respective 
capability or driver. However, the McKinsey report, as most other consultancy reports, has a 
larger scope and has a larger degree of quantitative elements, it does neither consider differences 
between industry-types and logics of production which is a main purpose in this thesis.   

7.2	Results	as	contribution	to	theory	
In this part we will discuss the result compared to theory, first the DOI theory and then the theory 
of MLP.  
 

7.2.1	Diffusion	of	innovation	
We have identified that earlier studies within the research field of diffusion of innovation are 
focusing on both internal and external factors affecting the adoption of technologies. Moreover, it 
is overall not relating to technologies as a bundle, but rather as isolated technologies. The theory 
of the attributes of innovation and the TOE-framework are still useful when analyzing the case 
examples. Even though not tested quantitatively, we argue that firms' technological, 
organizational and environmental context are significant in the adoption of Industry 4.0 
technologies. However, organizational context is rather hard to study due to of lack of insight 
within the firms and in the case examples’ attitude towards change. Moreover, there are other 
determinants that were not tested, such as firm size and internal management support. We mainly 
focused on the attributes of the technology bundles and to some degree the environmental 
context. The attributes of technologies used in this study can be supported in earlier studies, such 
as Wang et al. (2010), where they identified the determinants of RFID adoption among 
manufacturing firms using the TOE-framework.  
   

7.2.2	Putting	Geels	to	the	test:	Niches,	regimes	and	landscape	
In section 6.3, we applied the MLP-network on the bundle of technology that is HMI. We argued 
that a change in landscape-level is causing regime-actors to change their direction of innovation 
activities.  
 
The conclusion would be that we should not defy the impact of digitalization of homes as an 
apparent trigger of HMI in manufacturing. As sensors, touchscreens and mobile devices are being 
a familiar sight in homes; they change the perception of using technology. This trigger can also 
be interpreted in the light of Roger´s (1995) theories where innovation is communicated among 
individuals through certain channels in a society. In this case, the perception of a digitalized 
society acts as a channel for diffusion of innovation into the manufacturing industry and a 
pressure in the sociotechnical landscape. This pressure has emerged when operators are being 
accustomed to using the technology in their life outside work. It has then created an expectation 
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that innovators should create solutions that fit industrial applications. The result is an effect on 
both the regime- and the niche-level which in the end can lead to a technological transition. 
However, Geels (2002) describes sociotechnical landscape as slow changing and beyond the 
regime stakeholders power. “Slow” is here are undefined term. It is true that demographics and 
societal values takes time to change, but today’s short product cycle time and rapid technological 
progress makes the sociotechnical landscape more volatile and unpredictable compared to the 
sociotechnical landscape in the 20th century. One can argue that societal values and 
demographical trends are more dynamic today compared to the 19th century when studying the 
transition from sail ships to steamboats. Practitioners should therefore consider the speed of 
changes in sociotechnical landscape when applying the MLP-model.  

7.3	Implications	on	sustainability	
In this part we are discussing the implications on sustainable development, which in the 
Brundtland report is defined as “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” (Brundtland 1987, 41). 
We use the Triple Bottom Line framework, where sustainable development can be described in 
three dimensions: Environment, Social and Economic. We argue that the result in this thesis has a 
positive effect on all three dimensions of sustainability.  
 

7.3.1	Economic	Sustainability	
It is argued that through Industry 4.0 industries can expect future economic growth through 
increase in revenue and productivity (McKinsey, 2015). As identified in the result the 
introduction of Industry 4.0 technologies has most likely a positive effect on quality 
management, delivery time, flexibility and ergonomics, which all are affecting profitability and 
firm’s competitiveness.    
 

7.3.2	Social	Sustainability	
The social sustainability aspect refers to safety and the working conditions for the employee. It is 
very important both from a firm perspective, because improved working conditions can reduce 
costs for absence and accidents (Gimenez, et al., 2012). In the empirical findings we identified 
that some Industry 4.0 technologies, such as wireless battery tools and exoskeleton, have the 
advantage of making processes more user-friendly and reducing physical stress on operators. The 
importance of Ergonomics can especially be seen within the Aerospace and Heavy Equipment 
industries as well as in MVI, because of the aging population of operators, mainly in Europe and 
the U.S.  
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7.3.3	Environmental	Sustainability	
In this thesis, where we are focusing on the manufacturing process, the environmental 
sustainability aspect refers to the use of energy and the ecological footprint firms leave after 
them. This can be related to energy efficiency and/or pollution and emissions reduction 
(Gimenez, et al., 2012). Implementing Industry 4.0 technologies will have an impact on the 
ecological aspect of firms' operation, where energy and resource efficiency are two important 
components for competiveness. For example, the digitalization of both the vertical and horizontal 
value chains, where firms are able to track products, can have significant positive impact on the 
resource efficiency and energy usage.   
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8.	Conclusion	
The purpose of this thesis was to develop a categorization of the different Industry 4.0 
technologies based on how they are applied in industrial settings as well as determine where there 
is a need for elements from each of the technology bundles. Five industries were studied in 
particular; Aerospace, Heavy equipment, Electronics, Automation and Motor Vehicle Industry 
(MVI). In the study, leading firms in each industry were identified and their Industry 4.0-
technologies described. This included identifying the emerging technologies within Industry 4.0 
and how they apply throughout certain industries as well as identifying patterns in their spread 
and the connection with logic of production.  
 
Sub question 1: 
How do leading firms in selected industries apply and implement Industry 4.0-technologies in 
assembly? 
 
As a part of this study, we identified and investigated how leading firms in each selected industry 
is driving technology initiatives within the three main themes of Industry 4.0. In the electronics 
sector, we showed how Siemens Electronics in Amberg is using a factory execution system in 
order to connect sensors and software within the factory in order to closely monitor and improve 
quality. The increased connectivity in this plant also means that they are able to create Life Cycle 
Management and closed feedback loops between R&D and production. As for Aerospace, we 
showed how Airbus is testing exoskeletons, smart-glasses and handheld screens in order to order 
to increase ergonomics and quality. Apart from the HMI-elements, Airbus is also testing a M2M-
interface in which the operators can trace each airplane-component through the assembly, which 
is a result of their quality focus. 
 
KUKA Robotics provides the best example within the automation industry. The robot provider 
has currently managed to implement many elements from the Industry 4.0-bundles, such as a 
platform for collecting and analyzing data. They are also applying their collaborative robots 
(IIWA) in their own production, the robot can be customized with a number of arms and can 
continuously collect data and evaluate its progress. In the heavy equipment sector, John Deere 
Engine Works has a very sophisticated production, even compared to the other industry examples 
they are less Industry 4.0 ready. Their focus is mainly on digitalizing the production, i.e. 
developing a platform for Big Data analysis and collecting data from manufacturing processes, 
which is because of their quality and flexibility focus.  
 
MVI poses as the benchmark within Industry 4.0. The German-based car-manufacturer has 
implemented several elements from the Industry 4.0-bundles. BMW uses tags for tracing 
products in the assembly line, the main focus however lies on the HMI-bundle as BMW does not 
have a high degree of automation. Operator guidance such as smart glasses, smart watches and 
screens are being used or developed, where the goal is to better assist and faster train operators.  
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Sub question 2: 

What factors determine how the Industry 4.0 technologies are adopted among and within the 
selected industries? 
 
We argue that how Industry 4.0-technologies are adopted is mainly based on geography and the 
production logic, which act as a driver for change. Industry 4.0 is a German initiative, meaning 
some of the most Industry 4.0 ready firms are based in Germany. However, other markets have 
similar initiatives, where other firms are catching up. If competitors adopt Industry 4.0-
technologies, other firms in the industry and the geographic region will follow. There are 
differences in adoption of technologies between Asian, American and European firms internally 
in industries. This is most apparent in the electronics industry where firms in Europe are more 
eager to drive initiatives in terms of Industry 4.0 compared to their Asian counterparts.  
 
Moreover, factors such as increased speed to market (delivery time), customization, enhanced 
quality and better ergonomic environment put pressure towards implementing new technologies. 
For example, a firm where flexibility dominates the production logic has a greater tendency to 
include HMI-elements which focus on operator guidance. The reason lies in the fact that it is 
almost impossible to achieve the type of flexibility that human operators have using robots.  
 
In cases where quality is important, connectivity-elements are incorporated in order to better 
control production process in order to achieve a fault-proof manufacturing. For example, in the 
electronics industry where there are quite few product variations and a lower need of flexibility, 
the focus is on building advanced automation and to use sensors and M2M-platforms in order to 
decrease faults. We have also identified the pattern that a platform for collecting and analyzing 
data is quite common and is something which most firms will continue working on. Next step is 
to connect more machines and tools and create value using the collected data.  
 
A changing labor force with a different, open mindset towards digitalization can partly explain 
the spread of Industry 4.0-technology bundles on the factory floor. Several sources have pointed 
out this effect as a reinforcing pressure to increase the digitalization of manufacturing regardless 
of region or industry, thus increasing the rate of implementation of Industry 4.0-technologies.  On 
a macro-level, one can view the digitalization of the consumer goods market as an explanation of 
Industry 4.0-technologies emerging in the manufacturing environment. 
 
Rogers (1995) five attributes of innovation can be used to explain the spread of the different 
technology bundles. The relative advantage of the technology bundles is quite clear. At the same 
time, trialability and observability poses as the biggest barrier for firms to incorporate M2M-
interfaces while complexity is the biggest barrier to develop Big Data and analytics. This 
translates to the issue of developing proper software for analyzing accumulated data from factory 
sensors. Moreover, several elements of the Industry 4.0-bundles can be explained by applying 
Geels’ (2002) MLP-framework, especially the HMI-bundle where increasing pressure from a 
sociotechnical landscape in form of deep trends in digitalization is causing a technological 
transition. The result is a gradual incorporation of collaborative robots, handheld touchscreens 
and smart-glasses. 
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There is also a theme regarding the economies of technology; the emergence of Industry 4.0 and 
the bundles of technology can also be theoretically explained by changes in cost structure; as 
sensors, advanced computing and bandwidth becomes cheaper and more powerful, it has reached 
a point where its applications are technically mature and economically beneficially. This can 
theoretically be viewed as a change in one of the areas (changes in cost structure) that change the 
techno-economic paradigm. 

8.1	Main	research	question	
How do different Industry 4.0 technologies spread among and within selected industries? 
 
In the results, we have showed that firms adopt different Industry 4.0-solutions in different 
industries. The multiple case study shows that Industry 4.0 technologies are adopted in 
technology bundles, rather than as isolated technologies. We argue that you can divide Industry 
4.0-technologies into two bundles of technology where one focuses on improving operator 
guidance through HMI, while the other focuses on achieving an integrated and improved 
manufacturing through connectivity. Also, due to the competitive landscape there is pressure 
towards reducing the time to market and increased customization. Therefore, Industry 4.0 is a 
combination of market pull and technology push.  
  
To sum up, Industry 4.0 can be considered to be the ongoing forth industrial revolution. The 
digitalization of the factory floor is reinforced by the digitalization of consumer goods, a new 
type of employees and a decreasing price of sensors, robots and computing power which is the 
enablers of Industry 4.0. The progress is also spurred by internal industry competition as firms 
wish to advance their manufacturing and use for marketing purposes. Depending on firms 
manufacturing priorities, which together with the product-process connection are their production 
logics, firms implement different elements from the technology bundles. Firms where flexibility 
is dominant in the production logics have a greater tendency to include HMI elements while in 
firms where quality is dominant, connectivity elements are incorporated to a greater extent. 
However, as seen in the results, most technologies can be implemented in order to improve 
operations in assemblies regardless of industry.  The result could be a new competitive landscape 
for manufacturing firms and industrial providers such as technology consulting and software 
firms. 

8.2	Limitations	and	Future	studies	
Many of the consulting reports points out the change of business models as a next step in the 
evolution of Industry 4.0. Increasing servitization and “pay-per-use”-business models are 
something which has been identified as a result of Industry 4.0 in this thesis, the consulting 
reports therefore gives proof of this transformation and paves the way for further studies in the 
area. This is something which interviewees also points out as a point of interest. As a result, a 
future study could investigate the connection between the technology bundles and business 
models.  
 
This study is based on a qualitative research method, meaning we used interviews and literature 
in our data collection. A future study, with similar research questions, could be based on a survey 
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in order to quantify the impact and benefits of different technologies, which is essential in order 
to benchmark Industry 4.0-technologies towards traditional technology. This can then encourage 
a faster diffusion of innovations in different industries.  
 
Moreover, this study was limited to five different industries with manufacturing firms as case 
examples. Future studies could include other industries and also include software companies´ 
involvement in the Industry 4.0 diffusion. Also, when Industry 4.0 becomes more established, it 
would be of interest to study the management within firms of how they should accomplish a 
successful implementation of the Industry 4.0 vision.   
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Appendix	A:	Reference	list	communication	

Business Manager, Aerospace  Interview 1 2016-01-19 
Manager, System software department and Project manager, 
software department 

Interview 2 
2016-01-21 

Business Manager, Assembly (Automation) Interview 3 2016-01-21 
Industry 4.0 Expert - Supply Chain Specialist Interview 4 2016-02-03 
Product manager, Electronics Interview 5 2016-02-09 
Global Key Account Manager, Heavy equipment industry Interview 6 2016-02-09 
R&D Manager Interview 7 2016-02-09 
Business development manager/GKAM, Electronics Interview 8 2016-02-09 
R&D engineer Interview 9 2016-02-15 
Service IoT-manager Interview 10 2016-02-17 
Business manager, assembly (Automation) Interview 11 2016-02-17 
Assembly segment Manager US Interview 12 2016-02-22 
Key Account Manager Airbus, Aerospace Interview 13 2016-02-26 
Technical fellow, SAAB Interview 14 2016-03-01 
Country Manager Finland, Heavy equipment industry Interview 15 2016-03-03 
Key Account Manager Boeing, Aerospace  Interview 16 2016-03-03 
Manager, System software department Interview 17 2016-03-15 
Head of Sales KUKA Robots, Automation Interview 18 2016-03-16 
Business Area Manager Assembly (Automation) Interview 19 2016-03-17 
Division Lead Digital Factory, Siemens Interview 20 2016-03-18 
Product Manager, Electronics Interview 21 2016-03-22 
Business manager, MVI Interview 22 2016-03-29 
Project manager, John Deere Engine Works Interview 23 2016-04-11 
Account manager BMW, MVI Interview 24 2016-04-12 
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Appendix	B:	Interview	Questions	The	Tool	Company	

1. Name and position: 

2. Can you describe your industry? 
3. What type of products and services does your segment offer? 

4. What features creates value and makes you products successful?  
5. Which products do you think have the largest potential meeting the demand? 

6. What are the main weaknesses of your product/value proposition within the 
segment? 

7. Who are the customers and how is their assembly performed in short? (Give 
examples) 

8. To what degree is the assembly of your customers automated?   
9. Who is the market leader in terms of technology within your segment? What types 

of technology do they use? 
10. In what way are the customers working with data analytics and how do humans 

interact with the machines? 
11. How would you consider the usability of machine to machine and Internet of Things 

(IoT) interface within your segment? 
12. How would you consider the usability of human-machine interface (I.e. augmented 

reality, collaborative robots and exoskeletons) within your segment? 
13. What is, in your opinion, the main driver behind the changes within the industry? 

Give examples.  
14. Has the business model within the industry changed? What defines a market leader 

in the segment? 
15. How do you consider the driver within the new generation of employees that is 

entering the labour market? 
16. What are the main challenges your customers have to cope with (few examples)?  

17. What has changed in terms of customer demand or preferences the recent 5-10 
years? 

18. Where do you see the industry in 10 years? 
19. Is there anything else you would like to add after this discussion? 
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Appendix	C:	Interview	Questions	Case	companies	

Generally, across different industries  

1. Name and position:  
2. What is your belief considering standards in the factory of the future? Who will set 

the standards in Industry 4.0 considering software and hardware? Example: The 
platforms for data management and integration of software. 

3. What main barriers do you see in incorporating Industry 4.0 technologies in 
general? 

4. How do you consider the driver within the new generation of employees that is 
entering the labour market? 

5. How do you believe that Industry 4.0 will affect the trend towards increasing 
automation? 

6. In what ways is Industry 4.0 going to affect the business models of manufacturing 
firms? What business models do you see as most relevant in this area? 

 
Internally at Firm: 
 

1. What do you believe is the main driver(s) of technological change in production 
within your company today? (I.e. Quality control, automation, big data)  

2.  What main barriers do you see in incorporating Industry 4.0 technologies within 
your company? 

3. To what extent is your production automated at your company? What challenges do 
you see in automating processes today? 

4. To what degree is your production interconnected today? Is there a system for 
connecting production systems? - How valuable would traceable tools be in your 
production? 

5. How would you consider the usability of machine to machine and Internet of Things 
(IoT) interface in your company? 

6. How would you consider the usability of human-machine interface (I.e. augmented 
reality, collaborative robots and exoskeletons) in your company? 

7. To what extent is data collected from machines, tools etc.? How do you consider the 
usability of Big Data/Data management interface in your company?  

8. Is there any other technology that you consider relevant in the future for your 
manufacturing? 
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