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Abstract 

Digital Transformation and Industry 4.0 are concepts that are often used buzz words 

for new, and (commercially) beneficial possibilities. However many companies do not engage 

in a Digital Transformation that goes with the implementation of Industry 4.0 concepts and 

technologies. They either experience or perceive a number of barriers that hold them back. An 

increasing number of studies have focused on country or industry specific barriers that 

companies are faced with, that keep them from engaging into, what is referred to in this 

research as, an ‘Industry 4.0 Digital Transformation’. However, limited research has been 

conducted on the specific barriers that manufacturing SMEs are faced with and no research 

was found on barriers faced by family owned SMEs. This research was therefore aimed at 

exploring what barriers are experienced or perceived by Dutch incumbent family owned 

manufacturing SMEs. The findings show that in particular the fact the vast majority of these 

companies are simply not aware of, or have misconceptions about the potential benefits that 

Industry 4.0 has to offer, keeps them from embracing them. Yet most of the companies are 

open to innovation and expressed great “can do” attitude in the sense that in case management 

was convinced Industry 4.0 concepts and technologies would be beneficial, they would 

implement them. And if they would, they hardly expected to encounter one of the most 

challenging barriers to Industry 4.0 Digital Transformation; employee resistance. 

Interestingly, the propensity of accepting innovations as beneficial may be greater with 

women than men.  

By analyzing the various barriers, a number of critical success factors are derived. Not 

only for management, but also for Koninklijke Metaalunie, whose members were participants 

in this research. 

 

Keywords: Digital Transformation, Industry 4.0, barriers to Digital Transformation, Barriers 

to Industry 4.0, Socio-Technical Inertia, Resistance to Change 
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1. Introduction 
 

1.1 Background 

 

During the last decade, the industrial environment has changed considerably with the 

arrival of concepts and technologies based on the ‘fourth industrial revolution’ (Matt et al, 

2020). A synonym for this new industrial revolution was introduced during the Hanover Fair 

in 2011, where it was referred to as ‘Industry 4.0’. The focus of Industry 4.0 is a combination 

of production, information technology and internet (Buhr, 2017). Because of the globalization 

of the economy, it is not enough anymore to produce faster, cheaper, and better-quality 

products. Companies now need to introduce new kinds of innovative and “digital” production 

strategies in order to keep a competitive advantage in the future (Matt et al., 2020).  

Due to their flexibility, entrepreneurship and capacity to innovate, SMEs have proved 

to be more robust than MMEs (Matt, 2007). In general, SMEs can be characterized as 

adaptive and innovative with regards to their products and manufacturing practices. Because 

of these properties, they are well able to recognize the continuing competitive pressures. 

SMEs in general are becoming increasingly proactive in improving their business operations 

(Boughton & Arokiam, 2000). These properties can be considered to be a good starting point 

for embracing new concepts like Industry 4.0 (Matt et al., 2020). The integration of 

information and communication technology and new Industry 4.0 technologies could digitally 

transform SME factories into ‘smart factories’ with great competitive potential (Gualtieri et 

al. (2018), Deloitte (2015)). However, despite these inherent properties of SMEs and the 

possibilities Industry 4.0 has to offer, many if not most SMEs, are not yet ready to embrace 

them because they are faced with a number of barriers that keep them from implementing. This 

applies in particular to the smaller SMEs (Orzes et al., 2018).  
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Because the implementation of Industry 4.0 concepts and technologies requires a Digital 

Transformation (Matt el al, 2020), both terms are combined to ‘Industry 4.0 Digital 

Transformation’ and will be used as such in this research. 

1.2 Research problem 
 

Industry 4.0 Digital Transformation is expected to have a great impact on various 

sectors of the industry and even on society. In the manufacturing industry, value creation 

processes change because information and communication technologies merge with 

production processes. This change may enable greater efficiency and new business models 

(Vogelsang et al., 2019a). Recent online survey by McKinsey & Company (2020) showed that 

last year during the Covid-19, many companies around the world have accelerated the 

digitalization of their business processes by 3 to 4 years. Moreover the share of digitally 

enabled products in their portfolios has even accelerated by 7 years. Companies also 

recognized the strategic importance of technology as an important part of their business and 

not only as a way of saving cost. In addition McKinsey & Company (2020) found that  

companies that invested more in digital technology than their competitors during the Covid-

19 pandemic, had considerably larger growth in revenue than companies that did not.  

Yet, this accelerated digitalization does not apply to all companies or industries. Many 

companies still do not realize they can gain great benefits from digitalization if they recognize 

the opportunities as well as the challenges caused by digitalization (Sánchez, 2017). They 

experience or perceive a number of barriers and struggle to start an Industry 4.0 Digital 

Transformation (Vogelsang et al., 2019a).  

Industry 4.0 Digital Transformation is not only about technology, but also about 

people and management (Fitzgerald et al., 2014). This makes an Industry 4.0 Digital 

Transformation a great challenge for management: they should not only choose the right 

technologies, but should also make sure they create and nurture a culture in which digital 
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technologies can be embraced and accepted (Kane et al., 2015). This research is therefore not 

only about technological barriers, but also about barriers that do not have a direct relationship 

to technology, the human element.  

The topic Digital Transformation in relation to Industry 4.0 is that it is still relatively 

recent because it has only been studied seriously since 2017 (Matt et al., 2020). Until now, 

existing research on this topic has focused on a number of different industries in particular 

countries. This has resulted in establishing a number of common barriers, but also some 

country and/or industry specific barriers. Since no research has been done in The Netherlands 

or on incumbent family owned manufacturing SMEs, there is no knowledge about the barriers 

that apply. The aim of this research is to analyze:  

What barriers Dutch incumbent family owned manufacturing SMEs are faced with, or 

perceive, that keep them from embarking on an Industry 4.0 Digital Transformation? 

The contribution of this research will therefore be to create a better understanding of 

the barriers that Dutch incumbent family owned manufacturing SME’s either face or perceive 

and to contribute to the “young” topic of science. 

1.3 Research objectives 
 

This research aims to establish which are the most important internal and external 

barriers to Industry 4.0 Digital Transformation in general and to determine to what extent 

these barriers also apply to Dutch incumbent family owned manufacturing companies. This 

will establish what are the most challenging barriers that need to be overcome. Consequently, 

this research aims to provide the Critical Success Factors that determine a successful Industry 

4.0 Digital Transformation within these kinds of companies. 
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The research objectives are therefore, to: 

1. Identify the internal and external barriers that inhibit incumbent family owned 

manufacturing SME’s to embrace Industry 4.0 concepts and technologies and engage 

in a Digital Transformation,  

2. Identify the ‘Critical Success Factors’ (CSF’s) that enable incumbent family owned 

manufacturing SME’s to successfully embark on a Digital Transformation.  

By studying the (perceived) barriers which may be present prior to the decision to start the 

Digital Transformation process, this research could contribute to a better understanding and 

awareness of these barriers. This may in turn help company leaders preparing their Industry 

4.0 Digital Transformation initiatives. 

1.4 Thesis structure 
 

In the next chapter, the current state of research will be reviewed. Literature about the 

Industry 4.0 and Digital Transformation, the drivers and barriers to Industry 4.0 Digital 

Transformation, will be presented and discussed. At the end of the chapter the propositions 

will be repeated and a conceptual model will be presented. In chapter 3 the research design, 

methodology and case selection will be described. The data collection method and way of 

analyzing are explained. In addition, the research method will be justified, and the validity 

and reliability of this research will be discussed. In chapter 4 the results will be described. 

Chapter 5 contains the conclusion and discussion and Chapter 6 will contain limitations and 

propositions for future research.  
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2. Literature review  

 
In this chapter the literature will be presented and reviewed related to the elements of 

the research question addressed in this research. The topics that will be presented are: Industry 

4.0, Digital Transformation, the drivers to Industry 4.0 Digital Transformation, Socio-

technical inertia as an introduction to the barriers to Industry 4.0 Digital Transformation, and 

lastly the barriers. The literature review will lead to the propositions of this thesis and a 

conceptual model. 

First some relevant concepts will be defined. These elements are: Industry 4.0, 

including current state of play in The Netherlands, Digital Transformation, Drivers and 

Barriers to Industry 4.0 Digital Transformation.  

2.1 Definitions 
 

Barrier can be defined as “something that prevents or makes it difficult for certain situations 

to occur. It is a natural formation or structure that interferes with the action of individuals and 

achievement of some goals set”. A barrier is often caused by external factors. It is possible to 

pass around it, but solving it is not easy and it takes time (Kuntjak & Pihir, 2019). 

Incumbent firm: Oxford dictionary1 defines an incumbent firm as: “A firm which is already 

in position in a market”. According to Dutch Statistics Bureau an incumbent SME is a 

company that is active for 5 years or longer (Statistics Netherlands, 2018).  

Small and Medium Sized Enterprises (SMEs): According to the European Commission2 a 

Small enterprise is defined as an enterprise that employs fewer than 50 persons and whose 

annual turnover or annual balance sheet total does not exceed €10 million. A Medium-sized 

 
1 https://www.oxfordreference.com/ 
2 Commission Recommendation 2003/361/ EC, Official Journal of the European Union L 124, p. 36, May 20 th, 

2003 
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enterprise is defined as an enterprises that employ fewer than 250 persons and either has an 

annual turnover that does not exceed €50 million, or an annual balance sheet not exceeding  

€43 million.  

2.2 Industry 4.0 
 

The concept of Industry 4.0 was introduced in 2011 by the German Industry–Science 

Research Alliance (Buhr, 2017). Industry 4.0 is Germany's reform program for ‘state of the 

art’ and highly competitive manufacturing industry. It is a collaboration between industry, 

academia and government. The goals of this program are to enable vast productivity and 

revenue gains, better quality, better customer service, and higher safety (Mogos et al., 2019). 

Aichholzer et al. (2015, p. 6) state: “The main objective is the seamless horizontal and vertical 

integration of process steps and hierarchies in order to increase productivity, resource 

efficiency, quality and flexibility”. Companies will be connected in highly integrated global 

networks and their production facilities will form ‘Cyber Physical Systems’ (CPSs), which 

communicate with each other and humans in real time. This means that it will spread 

throughout all industries; the primary, secondary, and tertiary (Lee et al., 2018). Industry 4.0 

will lead to information and communication technologies that will be used in a much broader 

way than before and make content transfer almost fully digital throughout businesses, 

governments and society (Horváth & Szabó (2019), Pihir et al. (2019)). An important element 

of Industry 4.0 is interconnectedness; interconnection through digital networks of production, 

services and consumption. This will create a network of things and services through the 

Internet (Hofmann & Rüsch, 2017).  

The Industry 4.0 program is considered as the beginning of the '4th industrial 

revolution'. The first industrial revolution started at the end of the 18th century, with the 

introduction of factories that were powered by water and steam. The second industrial 

revolution started at the beginning of the 20th century, when mass production became 
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possible with the use of electricity and division of labor. The third industrial revolution began 

in the 1970s, and is still in progress. This revolution is characterized by a higher level of 

automation of production and different work processes, achieved through the application of 

electronics and information technology (Ghobakhloo, (2018), Kagermann et al., (2013)).  

 

Figure 1 : Four Industrial Revolutions (source: Hirsch-Kreinsen, 2016, p. 6) 

 

Technological developments in the fourth industrial revolution are going much faster 

than in previous industrial revolutions. There are continuous new and innovative 

breakthroughs that are often difficult to predict and make it much harder to anticipate 

challenges and even benefits (Morrar et al., 2017)  

Horváth & Szabó (2019) did find that currently there five key elements of Industry 

4.0: (1) digitalization, optimization and customization of production; (2) automation and 

adaptation; (3) human–machine interaction; (4) value-added services, and (5) automatic data 
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exchange and communication. The application of digital technologies in manufacturing 

processes is often referred to as ‘Smart Manufacturing’, ‘Integrated Industry’ and ‘Industrial 

Internet’ (Hofmann & Rüsch, 2017). Despite the fact there are quite a few different 

definitions of the Industry 4.0 concept (Culota et al., 2020), there are three commonalities: (1) 

key enabling technologies (increasing digitalization and connectivity through physical-digital 

interfaces, network and data-processing technologies and the crucial role of Internet of Things 

and cloud computing); (2) distinctive characteristics (higher process integration in line with 

interoperability and cybersecurity solutions, virtualization, real-time information sharing, and 

autonomy), and (3) possible outcomes (higher productivity and flexibility in order to enable 

mass customization and personalization) (Culota et al., 2020., p. 9). 

Current Industry 4.0 concepts and technologies are: (1) Cyber-physical systems; (2) 

Internet of Things (IoT); (3) Big data and analytics; (4) Cloud technology; (5) Artificial 

Intelligence; (6) Block Chain; (7) Simulation and Modelling; (8) Visualization Technology 

(augmented and virtual reality); (9) Automation and Industrial Robots and (10) Additive 

Manufacturing (Zheng et al., 2020, p. 4)3.  

Industry 4.0 in The Netherlands 

 

In many countries governments promoted engagement in digital economic activities 

by stimulating Industry 4.0 endeavors. Fifteen national initiatives for digitizing industry have 

been launched across Europe in recent years4.  

In The Netherlands this initiative was called ‘Smart Industry’. In 2014, FME5, together 

with TNO6, the Ministry of Economic Affairs, VNO-NCW7  and the Chamber of Commerce, 

had taken the initiative to make Smart Industry a priority in the Netherlands and face the 

 
3 see also Appendix A for further description 
4 https://ec.europa.eu/digital-single-market/en/coordination-european-national-regional-initiatives 
5 Dutch employers' organization for the technology industry 
6 Netherlands Organization for Applied Scientific Research 
7 Confederation of Netherlands industry and employers 
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digitization challenges of Industry 4.0 (FME et al, 2014a). The Smart Industry organization8 

was subsequently initiated by the Dutch Ministry of Economic Affairs, in order to carry out 

the Smart Industry Action Agenda (FME, et al., 2014b). The agenda was succeeded in 2018 

by the implementation agenda 2018-2021 with the goals to accelerate digitalization of Dutch 

companies and increase competitiveness. The Smart Industry organization focusses on all 

Dutch industrial companies, both SME and MME (FME et al., 2018). The Smart Industry 

organization defined 8 industrial transformations in their ‘Smart Industry Wheel’ (see below). 

A few years later, in 2018, Dutch Government formulated a more general Dutch 

Digitalization Strategy aimed at supporting SMEs in their transition to a digital economy 

(Dutch Government, 2018b). The Dutch Digitalization Strategy is updated every year (Dutch 

Government, 2019 and 2020). 

 

      Figure 2: Smart Industry Wheel (source: FME et al, 2018, p. 21) 

 
8 www.smartindustry.nl 
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2.3 Digital Transformation 
 

The term Digital Transformation is often mistaken for, or even used interchangeably, 

with digitization or digitalization. According to Savić (2019), the difference between these 

concepts can be described as follows. Digitization basically refers to the conversion of analog 

to digital format, it’s in fact creating digital information. Digitalization goes further and 

includes automation of the business processes and operations, as well as information 

processing. One could say it is making use of digitized information. Digital Transformation 

goes a step further and is about doing things differently by means of creating an entirely new 

business model by using modern information and computer technologies.  

Digital Transformation thoroughly changes the essence of the organization; its culture, 

strategy, technology mix and operations. It also puts the customer at the center of its decisions 

and actions. Digital Transformation is an organization-wide transformation. Savić (2019) 

therefore refers to Digital Transformation as containing digitization and digitalization as its 

components and regards them as rather small, but necessary, steps in the larger picture of an 

organization’s Digital Transformation. Figure 3 is a summary of the three concepts.   

 

Figure 3 (source: Savić, 2019, p. 37) 
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The concept Digital Transformation has been defined in quite a few slightly different 

ways. In literature, Digital Transformation is often used partly overlapping with the terms 

digitalization, Internet of Things and Industry 4.0 (Jovanovski et al., 2019). The concept has 

therefore resulted in quite a few definitions (Vial (2019), Verina & Titko (2019), Mergel, 

Edelmann, & Hauga (2019)).  

Both Vial (2019) and Verina & Titko (2019) had a different approach in finding a 

definition for Digital Transformation. Vial (2019) focused on finding commonalities among 

current definitions by conducting a semantic decomposition analysis, whereas Verina & Titko 

(2019) put a selection of definitions to a small group of experts and had them choose the 

preferred definition. Verina & Titko (2019) found that Digital Transformation is about 

‘organizational change’, ‘cultural transformation’ and ‘customer-centric approach’. Because 

the definition created by Vial (2019) is broader and more objective, this definition will be 

used. Vial (2019) found four essential properties of Digital Transformation: (1) target entity 

(the unit of analysis affected by Digital Transformation); (2) scope, (the extent of the changes 

taking place within the target entity’s properties); (3) means (technologies involved in creating 

the change within the target entity) and (4) expected outcome of Digital Transformation. This 

leads to the following definition of Digital Transformation:  

“Digital Transformation is a process that aims to improve an entity by triggering 

significant changes to its properties through combinations of information, computing, 

communication, and connectivity technologies” (Vial, 2019, p. 121).  

This definition is quite broad because: (1) entity is more than an organization, it refers 

to broader individual, organizational and societal contexts; (2) improvement should be the 

goal of a Digital Transformation and (3), although in many cases the general term digital 

technologies is used, Vial (2019) did not use this term as such, but instead used the broader 
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definition of digital technologies because he argued this would also be applicable when 

technology changes over time. 

Vial (2019) subsequently created a framework (see Appendix B) that describes Digital 

Transformation as a process where digital technologies play a key role in disruptions that are 

taking place in society and at industries. These disruptions result in strategic reactions from 

organizations. Organizations use digital technologies to change the ways of previous value 

creation, in order to remain competitive. To achieve that, they have to implement structural 

changes and overcome barriers that keep them from transforming. These changes should 

result in positive impacts for organizations, individuals and society as a whole.  

Warner & Wäger (2019) found that in order to address the rapidly changing 

environmental conditions during a Digital Transformation, incumbent companies in 

traditional industries should focus on improving their ‘dynamic capabilities. The improvement 

of dynamic capabilities is an ongoing process. They therefore refer to the process of Digital 

Transformation as a ‘journey’. They designed a process model for building dynamic 

capabilities (see Appendix C). The concept of dynamic capabilities will be explained in 

paragraph 2.5. 

A Digital Transformation process can be therefore be considered to be an ongoing 

journey of a company aiming to be equipped and ready for the digital age (Morakanyane et al. 

(2017), Warner & Wäger (2019)). 

2.4 Drivers to Industry 4.0 Digital Transformation 
 

“New digital technologies can fuel innovation and improve company performance, but 

only if applied in the right places“ (Westerman et al., 2014). Drivers are the external or 

internal triggers that have organizations engage in an Industry 4.0 Digital Transformation 

(Osmundson et al., 2018). Industry 4.0 Digital Transformation should result in overall 
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improvement of the business (Vial, 2019 and Verina & Titko, 2019). It offers the possibility 

of better and more efficient management of the vertical and horizontally (interconnected) 

value chains (Decker (2017). Potential benefits resulting from network connectivity, that can 

be implemented into products and services, may create opportunities for increased sales and 

productivity, innovations, better customer interaction and new or improved benefits for 

customers (Decker (2017), Matt et al., (2015)). Weill & Woerner (2018) found that companies 

that digitally transformed their traditional company performed considerably better than their 

peers. They call such top-performing companies “future-ready”. With future ready they mean 

that companies are able to innovate, to interact with and satisfy customers while at the same 

time reducing costs. Such companies are ready to compete in the digital economy and able to 

work with a many different partners in the value chain by being digitally interconnected 

(Weill & Woerner, 2018). According to the European Commission report (2015), companies 

that are applying Industry 4.0 technologies experience several benefits, like increased 

productivity and performance (up to 10 times compared to their peers) and cost reduction.   

There are quite a few drivers for the implementation of Industry 4.0 concepts and 

technologies: (1) growing competition that increasingly requires companies to achieve 

shortened ‘time to market’ and to develop, produce and market new products and services that 

require higher and faster innovation capabilities (Fonseca (2018), Horvath & Szabo (2018) 

Moeuf et al. (2018)); (2) customers expectations because customers demand increased 

customization to meet individual requirements and expectations which leads to higher product 

individualization (Fonseca (2018), Horvath & Szabo (2018)); (3) operational flexibility by 

means of faster and more versatile production processes that enable production of smaller 

batches with high quality in a cost-effective way (Fonseca (2018), Horvath & Szabo (2018), 

Moeuf et al. (2018) and Stenstoft (2019); (4) resource efficiency that reduces error rates, 

improves lead times and ensures reliable operation and results in cost savings (Fonseca, 

(2018), Stenstoft, (2019)), which can be achieved by Industry 4.0 technologies that can help 
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manage production planning, efficient use capacity and maintenance (Szalavetz, 2019); (5) 

financial and management support that enable greater control and the opportunity for 

continuous monitoring of company performance. (Fonseca (2018), Horvath & Szabo (2018); 

(6) decreasing availability of professional labor and lack of skilled employees requires 

technological solutions to compensate (Fonseca (2018) and Stenstoft (2019); (7) opportunities 

for business model innovations based on Industry 4.0, which may result in the adoption of 

new technologies and the creation of new markets (Decker (2017), Fonseca (2018), Horvath 

& Szabo (2018), and (8) in general, technological innovations and breakthroughs that can 

create opportunities to further increasing mechanization, automation, digitalization and 

networking, decentralized development, production and supply (Fonseca (2018), Horvath & 

Szabo (2018). 

2.5 Socio-technical inertia  
 

Industry 4.0 Digital Transformation may deliver many benefits for incumbent SMEs 

such as increased revenue and competitiveness. However, many Digital Transformations do 

not succeed because companies are unable to adapt to changes caused by digital technologies 

(Soto Setzke, 2020). Vial (2019) found that the 2 most significant barriers to Digital 

Transformation are inertia and resistance. As for the latter, because the factor ‘people’ is 

essential in Digital Transformation, which means one of the main barriers to transformation is 

employee resistance (Verina & Titko, 2019). These two barriers are part of the more broader 

concept ‘Socio-technical inertia’ (Soto Setzke, 2020).  

Inertia used to be considered as an advantage for organizations to increase their chance 

of survival in uncertain times or environments. This is because organizations are established 

for stability, reliability and accountable, therefor a certain degree of inertia is needed (Hannan 

& Freeman 1984, Schmid 2019). So, for a long time, inertia was considered to be a positive or 

even favorable characteristic because it increased the chances of economic survival (Schmid, 
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2019). However nowadays inertia has a negative connotation. Moreover, it may in fact 

threaten the chances of success or even survival of incumbent companies because of the speed 

of technological innovations and the loss of the competitive position of companies that do not 

adapt their business model to these rapid changes (Schmid, 2019).  

Socio-technical inertia plays a decisive role in the success or failure of Digital 

Transformation projects (Soto Setzke, 2020). Socio-technical inertia can defined as: “The 

propensity to continue its run on the same path due to the difficulty to change socio-technical 

systems as quickly as environment changes” (Rowe, et al., 2017, p. 414). Vogelsang et al. 

(2019a) identified five different categories of socio-technical inertia: (1) missing skills, (2) 

technical barriers, (3) individual barriers, (4) organizational and cultural barriers, and (5) 

environmental barriers.  

In order to overcome Socio-technical inertia, it is important that companies focus on 

dynamic capabilities (Rowe et al., 2017). Teece et al. (1997, p. 516) define dynamic 

capabilities as “the firm’s ability to integrate, build, and reconfigure internal and external 

competences to address rapidly changing environments”, or as Besson & Rowe (2012, 

appendix questionnaire) put it, “dynamic capabilities are a structured and collective action by 

an organization that facilitates adaptation (reactive or proactive) of an organization to its 

environment”. Dynamic capabilities include the ability to discover and seize opportunities, to 

adjust and transform company skills and resources and to secure or to gain a competitive 

advantage. The greater the dynamic capabilities, the lower the Socio-technical inertia (Rowe 

et al., 2017). 

Out of the many general factors that are considered to be barriers, the most significant 

barriers to Industry 4.0 Digital Transformation can be summarized as Socio-technical inertia 

(Soto Setzke, 2020). Vogelsang et al. (2019a) identified five different categories of Socio-

technical inertia. These categories will be used in this research. Another import barrier often 
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mentioned in scientific literature, ‘economic barriers’ is added. The six categories that will 

discussed in the next sections are: economic, organizational, missing skills, resistance, 

technical and environmental. At the end of each section, will be conclude with a proposition. 

2.6 Barriers to Industry 4.0 Digital Transformation 
 

Limited attention has been paid in scientific literature to the reasons why particular 

industries do not engage in a Digital Transformation. Being aware of drivers does not 

necessarily mean that companies will also engage in a Digital Transformation (Linderoth et 

al., 2018). In research on barriers to Digital Transformation, many researches either focus on 

country (e.g. Li et al. (2017), Stentoft et al. (2019)) or industry specific barriers to Digital 

Transformation (e.g. Gupta (2018), Mogos et al. (2019), Peillona & Dubruca (2019)). Some 

has been research concerning barriers to Digital Transformation where distinction was made 

between SMEs and MNEs (e.g. Orzes, et al., (2018), Türkes et al. (2019), Moeuf et al., 

(2020), Stentoft et al., (2020)). No scientific literature on the subject was found about Dutch 

companies, either SME or MNE, apart from research that was initiated by the Dutch Chamber 

of Commerce (2019 and 2020). 

According to report from the Dutch Chamber of Commerce, 2019), most Dutch SMEs 

make limited use of the possibilities that digitalization has to offer. They restrict their efforts 

to improve or change to internal processes such as hardware, software and (office) 

automation. Most SMEs do not recognize a need for innovation or change based on Industry 

4.0 concepts and technologies. In most cases, initiatives to change or innovate comes from the 

customer, not from within the company itself. The biggest barriers for companies to Industry 

4.0 opportunities is that either other things have priorities or there are time constraints. 

Moreover, it is not always clear to companies what Industry 4.0 can mean and management 

often does not have the necessary knowledge and skills. The role of governments and 

academia or knowledge institutions is very low (Dutch Chamber of Commerce, 2019). 
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The six categories that will discussed in the next sections are: economic, 

organizational, missing skills, resistance, technical and environmental. Each section will 

contain the most commonly found barriers. At the end of each section, will conclude with a 

proposition. 

2.6.1 Economic barriers to Industry 4.0 Digital Transformation 

 

No foreseeable economic benefits 

Location, sector and characteristics of an industry (e.g. focus on practical day-to-day 

activities, a heterogeneous value chain where there is often a lack of digital competencies, and 

products that are perceived not be fit for digital innovation) affect the possibilities or even 

capabilities of companies to innovate, to adopt new digital processes beyond the boundaries 

of their company and therefore pose a barrier for companies to embrace Industry 4.0 

opportunities and engage in a I 4.0 Digital Transformation (Linderoth et al., 2018, Ferreira et 

al., 2019). Many companies therefore do not recognize the economic benefits because 

increased productivity and economic benefits of Industry 4.0 concepts and technologies are 

unclear. (Töytäri et al., (2017), Mirković et al. (2019), Müller (2019), Raj et al. (2020). Even 

in case SMEs do recognize potential benefits from Industry 4.0 concepts and technologies, 

they are reluctant using these concepts and technologies because in fact, they still could not 

bring more advantages compared with the costs to justify and implement the technologies 

(Stenstoft (2019) and Orzes et al. (2018)) . 

Lack of resources 

A high amount of capital investment is usually needed to invest in Industry 4.0, both 

within the company itself and within the companies in the value chain (Orzes et al. (2018), 

Kuntjak & Pihir (2019), Raj et al. (2020)). Many companies do not have these resources 

available or will not be able to obtain the necessary resources (Orzes et al. (2018), Kuntjak & 
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Pihir (2019), Peillona & Dubruca (2019), Vogelsang et al. (2019a)). This is in particular 

applicable to SMEs, whereas MNEs are in most cases better positioned to obtain these 

resources (Horvath & Szabó, 2019), 

Uncertain Return on Investment  

 High investment costs, unclear productivity gains or market potential of Industry 4.0 

and the long implementation process create uncertainty about return on investment of Industry 

4.0 and therefor poses a barrier to investing in Industry 4.0 concepts and technologies (Orzes 

et al. (2018), Horváth & Szabó (2019), Kuntjak & Pihir (2019)).   

This leads to the proposition:  

P1: Economic factors can inhibit incumbent family owned manufacturing SMEs from 

engaging in an Industry 4.0 Digital Transformation. 

2.6.2 Organizational barriers to Industry 4.0 Digital Transformation 

 

The largest category of potential barriers relate to the organization itself (Gupta, 

2018). The benefits of Industry 4.0 concepts and technologies do not so much lie in the 

technology itself, but rather on how they are integrated in the companies’ organization, their 

business is transformed and benefits are exploited. Industry 4.0 Digital Transformation 

involves the use of digital technologies in order to change key business operations, products, 

processes, organizational structures and management concepts. New products and services 

based on Industry 4.0 concepts and technologies will require new competencies, resources, 

collaborations within the value chain and a clear focus on the customer (Peillona & Dubruca, 

2019).  

Lack of understanding of digitization / Digital Transformation 

Many companies focus too much on operation at the rather than development and 

innovation (Stentoft et al., 2020). In many cases this relates to a lack of management 
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understanding of technology and how it works (Kuntjak & Pihir (2019), Mirković et al. 

(2019)) and the strategic importance of technology by the leadership (Stentoft et al. (2020)). 

But it also has to do with not understanding the process of Digital Transformation and its 

complexity, in particular in relation to the implementation of new business models (Kuntjak 

& Pihir (2019).  

Management qualities  

Management qualities are an important factor when it comes to engaging in a Industry 

4.0 Digital Transformation. Often management does not have the appropriate digital skills, 

competencies and experience (Gupta (2018), Orzes et al. (2018), Mirković et al. (2019), 

Horváth & Szabó (2019), Moeuf et al. (2020)). In particular the ability to be forward looking, 

understanding the technology, to be open-minded and open to accepting collaboration withing 

the value chain. In addition, Ferreira et al. (2019) found that older entrepreneurs and / or 

personal characteristics can be obstacles to adopting Industry 4.0. They also found that female 

entrepreneurs are both more inclined to embracing innovative Industry 4.0 innovations  

No clear vision / strategy  

A clear, long term digital strategy must be defined for the introduction of Industry 4.0 

to be successful (Gupta (2018), Horváth & Szabó (2019) Moeuf et al. (2020), Raj et al. 

(2020)). Such a strategy must include a vision that explains what Industry 4.0 is intended to 

achieve. It should contain a roadmap with clear priorities and goals that are understandable 

and achievable (Kuntjak & Pihir, 2019). This is also important for employee understanding 

and acceptance, because it should be clear what they are expected to engage in. This also 

means that management has to decide whether it wants to transfer the entire company into a 

smart factory, or just parts of it (Müller, 2019). In many cases this is lacking (Gupta (2018), 

Horváth & Szabó (2019) Moeuf et al. (2020), Raj et al. (2020)). 
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Inadequate organizational structure and processes  

One of the major challenges is how to adequately prepare organizational structure that 

supports Industry 4.0 Digital Transformation. Speed and collaboration are key factors that an 

organization needs to achieve and master. Characteristics of truly digital organizations are: 

responsiveness, openness and efficiency (Mirković et al., 2019). This requires 

decentralization of decision making improving collaboration among employees. Many 

organizations lack a flexible and agile structure and business processes to cope with rapid 

changes and the ability to adapt or change their organization accordingly (Kohkne (2017), 

Gupta (2018)). 

Lack of innovative culture    

Another barrier is the lack of an innovative culture. Such an innovative culture where 

there is a willingness to change towards Industry 4.0, is essential (Müller, 2019). In many 

cases however, organizations are rigid and not flexible. They lack the willingness to take 

risks, the ability to embrace technological advancements and adopt experimental and 

innovative projects (Kohnke (2017), Gupta (2018)). The absence of such a culture is often 

related to lack of training and unclear employee roles and responsibilities (Kohnke (2017), 

Horváth & Szabó (2019), Kuntjak & Pihir (2019)). But also in many companies, culture often 

favors and rewards short-term commercial achievements. Industry 4.0 products and services 

are often complicated offerings which may also be difficult to evaluate by customers, 

resulting in long sales processes for which chances of success are uncertain (Töytäri et al., 

2017). An innovative culture has to be emphatically nurtured by top management (Raj et al., 

2020). Management should promote continuous learning and sharing knowledge. In addition, 

cooperation and communication between departments within and beyond company 

boundaries are essential. Industry 4.0 cannot be implemented alone, the culture should enable 

it (Müller (2019), Stentoft et al. (2020)).    
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Insight in customer needs 

The challenge for many companies is that they need to respond quicker than before to 

customers’ changing needs, desires and expectations inspired by new digital technologies. But 

they often do not succeed in doing so (Hughes, 2017). However, these needs, desires and 

expectations are often unclear. On the other hand creating new value propositions as well as 

explaining the benefits to customers often proves to be difficult as well (Töytäri et al., 2017). 

And even if customers are convinced, it is also difficult to for them to accept that their 

suppliers need to be closer to their company systems than before, because they need the 

information in order to develop and offer complex products and services offerings; customers 

are often reluctant to provide the necessary access to information needed for developing these 

insights because they fear they may lose control (Hughes (2017), Peillona & Dubruca (2019)). 

In addition, because of the interconnection that is often required for Industry 4.0 solutions, 

customers often fear loss of control over information in the sense that they fear violation of 

privacy, concerns about (cyber) security like access to production and company systems 

(Peillona & Dubruca, 2019). 

This leads to the proposition:  

P2a: Organizational factors can inhibit incumbent family owned SMEs from engaging in an 

Industry 4.0 Digital Transformation. 

However, some research shows that age and gender of the entrepreneur has influence on the 

level of innovative culture of a company (Ferreira et al., 2019). 

This leads to the propositions: 

P2b. Age of the entrepreneur will have an effect on the propensity to embrace Industry 4.0 

innovations, such that the older the entrepreneur, the less inclined to embrace these 

innovations than younger entrepreneur. 
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P2c. Gender of the entrepreneur will have an effect on the propensity to embrace Industry 4.0 

innovations, such that women are more inclined to embrace these innovations than men. 

2.6.3 Lack of digital skills 

    

A major barrier to Digitization is a lack of qualified and digitally talented employees to 

develop and provide Industry 4.0 products and services (Kohnke, (2017), Gupta (2018), 

Horváth & Szabó (2019), Müller (2019), Raj et al. (2020)). Industry 4.0 Digital 

Transformation requires IT expertise, data-analysis, complexity and problem-solving skills by 

most if not all employees, but also knowledge how to deal with new media, understanding 

software and skills in data mining (Gupta (2018), Orzes et al. (2018), Horváth & Szabó 

(2019), Morrar et al. (2019)). On the sales side, the development of new and digital sales 

competences or customer interfacing skills that enable to make Industry 4.0 offerings, prove 

to be barriers as well (Peillona & Dubruca, 2019). Complexity of the Industry 4.0 

applications, both technical and practical, often requires suitable research partner The lack of 

best practice networks for Industry 4.0, as well as collaboration between companies and 

academia, are important digitalization barriers as well (Mirković et al. (2019), Morrar et al. 

(2019)). And lastly, also the development of new and digital sales competences or customer 

interfacing skills is often barrier to Digital Transformation (Peillona & Dubruca, 2019). 

This leads to the proposition:  

P3: Lack of digitally skilled employees can inhibit incumbent family owned SMEs from 

engaging in an Industry 4.0 Digital Transformation. 

2.6.4 Resistance to change  

 

Companies performing their operations in conventional ways for a longer time have a 

natural tendency within their organizations to resist change (Raj et al., 2020). This 

organizational resistance both at the levels of employee and middle management, can have a 



23 

 

significant negative impact on the introduction of Industry 4.0 concepts and technologies 

(Horváth & Szabó, 2019). In particular as Industry 4.0 Digital Transformation represents a 

radical change (Peillona & Dubruca (2019). Müller (2019) therefore considers employee 

resistance as one of the most important barriers to Industry 4.0 Digital Transformation. 

Resistance is expressed by a lack of involvement and engagement or even indifference 

(Hughes (2017), Kuntjak & Pihir (2019), Mirković et al. (2019), Peillona & Dubruca (2019)). 

This means that it is equally important for management to focus on the human elements as 

much as on the technical elements (Bovey & Hede, 2001). If management does not show clear 

support and commitment to both elements, a successful Digital Transformation may be very 

unlikely (Müller, 2019). 

Although Digital Transformation could have positive impact on each employee within 

an organization (Stone, 2019), every change, no matter if it is positive or negative, disturbs 

employees because every human being desires stability (Keyes, 2000). Employees resist 

anticipated changes caused by Industry 4.0 Digital Transformation (e.g. because they fear 

changes in working activities, responsibilities). They have habits on which they are used to 

and consequently they feel fear for the unknown, but often also fear of poor results of the 

Digital Transformation process. In addition to changes in the way of working, employees 

often fear Industry 4.0 technologies will result in job loss or, on the other hand, that personal 

data are used as a means of increasing employee monitoring (Müller (2019), Moeuf et al. 

(2020)). 

This feeling of uncertainty by employees will increase when leadership is not willing 

or able understand the company culture and employee mindsets and attitudes. But even if they 

try, they may sometimes be unable to diagnose underlying culture, values, beliefs and 

assumptions (Gupta (2018), Peillona & Dubruca (2019)). It is therefore important that 

management stimulates collaboration and increases transparency throughout the organization. 
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Management should also make sure they support and coach the employee’s individual 

development plans and create an atmosphere that engages and energizes employees and by 

creating rewards or incentives in order to make sure that the changed behaviors stick and 

spread throughout the organization (Gupta, 2018).  

Whatever the cause, resistance is a crucial challenge that an organization will have to 

face when it decides to undertake a transformation because Industry 4.0 Digital 

Transformation requires a significant change of the organization (Solis, 2017).  

This leads to the proposition:  

P4: Employee resistance can inhibit incumbent family owned SMEs from engaging in an 

Industry 4.0 Digital Transformation. 

2.6.5 Technical barriers to Industry 4.0 Digital Transformation 

 

IT infrastructure  

Industry 4.0 technologies are often diverse and complex, since they contain for 

instance IoT, cloud computing, cyber security and advanced interconnected manufacturing 

solutions. These digital products and services require a stable and reliable technical 

infrastructure, both internal and external, in order to be offered economically. In many cases 

companies or their stakeholders in the value chain do not have the technological infrastructure 

that is required. SMEs often do not have the technical knowledge or resources available, and 

can therefore not easily upgrade and adopt these digital technologies (Peillona & Dubruca, 

2019). This means that SMEs could face technological problems when they would like to 

offer Industry 4.0 based products and services, since the inclusion of digital technologies into 

their offerings may require a new different and specific (re)design of their, or their 

stakeholder’s IT infrastructure (Orzes et al., 2018, Gupta, 2018, Kuntjak & Pihir, 2019, Raj et 

al., 2020). 
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Fear of security breaches / data storage  

Industry 4.0 technologies can only be successfully introduced if operational security, 

data protection and IT security are guaranteed. However, there is great fear for the risk of 

security breaches: interconnected systems may be more vulnerable to cyber-attacks, and 

companies may be concerned about storage and sharing data with third party software and 

service providers (Orzes et al., 2018, Horváth & Szabó, 2019, Raj et al., 2020). In addition 

there are challenges in ensuring data quality, because large volumes of data gathered through 

various technologies used in Industry 4.0 technologies may lead to difficulties in extracting 

useful data (Raj et al., 2020). 

Lack of mature and reliable innovations  

Another barrier to Industry 4.0 Digital Transformation is lack of mature and reliable 

innovations which cause uncertainty about the reliability of the systems (Orzes et al., 2018) 

and the low maturity level of the desired technology because it is used at a too premature 

stage, which results in system failure or chaos across the value chain as the systems are 

interconnected (Raj et al. (2020). This means that on the one hand the speed of technological 

improvements and on the other hand perceived unreliable and immature technologies often 

keep companies from investing in Industry 4.0 technologies, because they are afraid it may 

turn out to be obsolete (Töytäri et al. (2017), Moeuf et al. (2020)). 

This leads to the proposition:  

P5: Technical factors can inhibit incumbent family owned SMEs from engaging in an Industry 

4.0 Digital Transformation. 

 

 



26 

 

2.6.6 Environmental barriers to Industry 4.0 Digital Transformation 

 

Legal uncertainty    

Advanced manufacturing may result in a variety of legal questions. These questions 

include product liability (e.g. which company in a manufacturing system that links various 

companies in value chain, is responsible for a defective product?) and intellectual property 

(e.g. if a customer requests an individualized product, who owns the design of this product?) 

and privacy (e.g. increasing possibilities to monitor employees) (Davies (2015) and Töytäri et 

al. (2017)).  

Lack of technical standards  

An important barrier is that many authors found there is still a lack of standards, 

government regulations and forms of certification across most industries that embrace 

Industry 4.0, which makes interconnectivity, compatibility and interoperability often a 

challenge (Raj et al. (2020), Horváth & Szabó (2019), Kuntjak & Pihir (2019), Orzes et al. 

(2018)). 

Resistance within the value chain 

In many cases the opportunity to sell innovative new products or services requires 

access to influential or even visionary decision makers, who recognize the benefits smart 

products and services have to offer. This is not always the case; usually procurement 

departments, that are not open to new ideas, are responsible for purchasing (Töytäri et al., 

2017).  

Resistance may also relate to interconnectivity, inspired by concerns over technical 

and process integration with value chain members or third party channel partners (Horváth & 

Szabó (2019), Müller (2019), Raj et al., 2020)). These concerns are for instance lack of 

unified communication protocol, lack of know-how, lack of compatibility, lack of the will to 

cooperate (Orzes et al. (2018), Horváth & Szabó, (2019), Müller (2019)). The latter is 
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sometimes caused by fear that a company might lose some of its autonomy so that it will 

become too dependent or loose competitive advantage (Töytäri et al., 2017).  

This leads to the proposition:  

P6: Environmental factors can inhibit incumbent family owned SMEs from engaging in an 

Industry 4.0 Digital Transformation. 

2.7 Propositions and Conceptual Model 

 

In the previous paragraphs, 6 main categories of barriers to Industry 4.0 Digital 

Transformation and 2 moderating factors were outlined. In summary the propositions were as 

follows: 

P1. Economic factors (e.g. high investments, a lack of financial resources and anticipated 

ROI) can inhibit incumbent family owned SMEs from engaging in a Digital Transformation. 

P2a. Organizational factors (e.g. lack of awareness of digitization / Digital Transformation, 

leadership qualities, lack of Industry 4.0 vision / strategy, lack of innovative culture, 

inadequate organizational structures and processes, insufficient insight in customer needs) 

can inhibit incumbent family owned SMEs from engaging in a Digital Transformation. 

P2b. Age of the entrepreneur will have an effect on the propensity to embrace Industry 4.0 

innovations, such that the older the entrepreneur, the less inclined to embrace these 

innovations than younger entrepreneur. 

P2c. Gender of the entrepreneur will have an effect on the propensity to embrace Industry 4.0 

innovations, such that women are more inclined to embrace these innovations than men. 

P3. Lack of digital skills can inhibit incumbent family owned SMEs from engaging in a Digital 

Transformation. 
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P4. Employee resistance to change can inhibit incumbent family owned SMEs from engaging 

in a Digital Transformation. 

P5. Technical factors (e.g. stable and reliable IT infrastructure, (Industry 4.0) innovations 

that are not (perceived or actual) secure and reliable) can inhibit incumbent family owned 

SMEs from engaging in a Digital Transformation. 

P6. Environmental factors (e.g. legal uncertainty, lack of technical standards and resistance 

within the value chain to cooperate and accept interconnectedness) can inhibit incumbent 

family owned SMEs from engaging in a Digital Transformation. 

This leads to the following conceptual model: 
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3. Research design 
 
 

In this section, the research approach, the research methods, data analysis, case selection 

and case description will be addressed. 

3.1 Research approach 
 

 

The objective of this research was to obtain a better understanding of the factors that 

may pose barriers to embark on an Industry 4.0 Digital Transformation. To this end it was 

examined how different barriers, that were identified in the literature and could be applicable 

to incumbent family owned Dutch manufacturing SMEs. In addition the opportunity was 

created to discover new barriers, not found in current literature, by asking an open question 

at the end of each interview.  

Qualitative case study is particularly suited for research questions that start with 

“How”, “Why” or “What” (Yin, 2014). When deciding what will be the most appropriate 

research approach, it is also important to take the research objective in account. A 

Qualitative research is applied in order to examine a phenomenon in its day-to-day 

environment and get a better understanding of the context and what drives people. It 

examines the complex relationship and its main goal is to discover new patterns, instead 

of just testing already existing models. This context would be lost if quantitative research 

would be used (Myers, 2019). That is the case in this research: because the barriers that 

are examined may be either practical barriers which makes an Industry 4.0 Digital 

Transformation simply not possible, or may just be perceived as such, the context is 

relevant.  

A combination of deductive and inductive approach was applied. Deductive in the 

sense that theories and concepts from existing literature form the foundation of this research. 

Inductive in the sense that it allows exploration of the various existing factors in more detail 

and identify new factors which can contribute to current literature (Trochim et al., 2016).  
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A mono method approach is used, by conducting interviews in order to answer the 

research question. This research is both exploratory and conclusive in nature in the sense 

that conducting interviews provides the opportunity to explore the nature of these barriers 

and how they are perceived in more detail. It will provide more richness to the answers as 

opposed to a more quantitative approach where the same questions would have been asked 

in a questionnaire with less room for nuance (Boeije, 2009).  

3.2 Research method 

 
For this research, a conclusive case study is performed by means of conducting 

individual interviews. This research method is used because the topic is understudied, in 

particular with respect to the specific population. This may well mean that the participants 

that constitute the sample, do not always fully understand the questions because they do not 

know or understand the subject well enough or use different terms. Interviewing them live, 

makes it possible to elucidate questions if need be, or to ask further questions, and have 

participants answer these questions in their own words in order to get a better rendition of 

their perception (Boeije, 2009). It also enables a better understanding of the context in which 

these factors play a role (Darke et al., 1998). The research is carried out in 12 incumbent 

manufacturing family owned SMEs that are not engaged in a Digital Transformation. The 

SME is the unit of analysis, on which conclusions will be drawn. The interviewees, who are 

the owners of the SME, are the unit of observation. 

 

3.3 Case selection and description 
 

 

In order to facilitate the search for companies to be interviewed, the Smart 

Industry organization was approached. They were willing to cooperate, because they 

experience reluctance or even resistance, among Dutch SMEs in general with regards to 

Industry 4.0 Digital Transformation. However at the same time they do not have a clear 

understanding as to why this type of companies are so reluctant or resistant. The Smart 
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Industry organization proposed to find interviewees among the members of Koninklijke 

Metaalunie (hereinafter: Metaalunie), the Dutch employers' organization for SMEs 

active in the metal industry and member of the Smart Industry organization. Because 

Metaalunie is particularly keen on promoting Industry 4.0 technologies among their 

members. About 90% of Metaalunie member companies are managed by directors who 

are (full or partial) owners9. Metaalunie members are usually active in larger value 

chains with varying opportunities for the application Industry 4.0 concepts or 

technologies.  

Before conducting the interviews, an EBEC (Economics & Business Ethics 

Committee) approval was acquired. Participants were selected through purposive 

sampling. Purposive sampling allows a researcher to select interviewees who are best 

able to answer the research question (Trochim et al., 2016).  

In order to select of 12 participating companies to be interviewed from a 

theoretical population of over 14,000, the criteria were: incumbent SMEs that were 

family owned and were manufacturing tangible products. Companies that were already 

engaging in a Digital Transformation, like for instance process engineering companies, 

were excluded. Since the latter type of companies only represent a relatively small 

number of Metaalunie members, they were excluded in order to improve external 

validity by making the outcome more transferable to the population.  

3.3.1 Interviews 

 
Semi-structured interviews were conducted. Interviews are regarded as an 

important and often used as primary source of information in case study research. Using 

semi-structured interviews have the advantage that they allow unrestrained answers from 

the interviewees to gain optimal result (Darke et al., 1998).  

 
9 www.metaalunie.nl 
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An interview protocol was used to conduct the interview, to ensure that main 

themes and key questions were addressed during the interview. An overview of the 

interview protocol can be found in Appendix D.  

In total 12 interviews were conducted between November 2020 and January 2021 

with an average duration of 45 minutes. In total 27 respondents were first invited by 

Metaalunie and subsequently approached. This resulted in a response rate of 44%. In the 

invitation e-mail, respondents were informed that the anonymity of the respondents was 

guaranteed. Before the start of the interview, every interviewee was informed about the 

background of the research and was asked for consent to record the interview.  

3.3.2 Quality criteria 

 

The two key criteria to evaluate quality of what was measured, are validity and 

reliability. Validity refers to the accuracy with which a theoretical construct is translated into 

the interview protocol. Reliability refers to the consistency of the measurement (Trochim et 

al., 2016). 

Validity was tested by conducting one pre-test interview in order to verify if all 

relevant aspects are covered in the interview, the order of questions is logical, there are no 

missing or overlapping questions and the questions are clear and what was intended to be 

measured will in fact measured (Trochim et al., 2016). One extra questions was added and 

some questions were rearranged or deleted. In case new and relevant questions came up 

during the actual interviews, they were added to the interview protocol and were later asked 

(and answered) to all previous interviewees. An overview of all interviewees is kept 

confidential, but available upon request.  

Reliability was secured by recording all interviews. Transcripts were made and were 

then send to the interviewees a few weeks after the interview had taken place. This resulted in 

some minor remarks about sentences sometimes being unclear. These remarks were not 
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relevant for the results of the initial interviews. All interview transcripts are available upon 

request, which enables the reader to determine whether the I adequately understood the 

phenomenon. 

3.4 Data analysis 
 

 

All interviews were first automatically transcribed through Amberscript10 and then 

manually corrected in case automatic transcript proved to be unclear or incorrect. To analyze 

the data acquired, transcripts of the interviews were rearranged, organized and interpreted 

systematically. Coding took place to reduce the amount of data to what is relevant for this 

research. The interviews were analyzed with MaxQDA202011, a comprehensive qualitative 

data analysis tool.  

First, theory-driven codes were created. The theory-driven codes were based on the 

different independent variables from the conceptual model: economical, organizational, 

missing skills, employee resistance, technical and environmental barriers and the 

moderating variables age and gender. Subsequently data-driven coding was performed, to 

ensure that new insights were also taken into account. All codes were analyzed for patterns 

and relationships, which resulted in reduced the amount of data to more selective codes. 

For example, during the pre-test the respondent stated: “there is a difference between 

system integrators and jobbers, which is relevant difference for the position in the value 

chain and to enforce Industry 4.0 solutions to customers”. This led to 3 new sub codes of 

the Activities code.  

 

 

 

 
10 www.amberscript.com 
11 www.maxqda.com 
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4. Results 
 

In this chapter, result analysis is performed by exploring and comparing each 

proposition in all of the individual cases. Table 1 provides an overview of the results per case 

in relation to the propositions, which are further elaborated in the following paragraphs.  

A distinction is made between ‘support’, ‘some support’, and ‘no support’. Support 

indicates that a respondent would, depending on the question, either confirm or experience 

the factor that was put forward, or, in case of an open question, expressed a clear 

understanding of the concepts put forward. Some support indicates that a respondent partly 

confirmed or experienced a certain factor or that they had some idea about the concepts put 

forward. Lastly, no support indicates that respondent did not experience a certain factor or had 

no knowledge or opinion about the concepts put forward. 

The results in the last column show the support percentage for the propositions and the 

individual barriers and are indicated as a percentage of the total number of  “+” (plusses). 
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Table 1 outcome of the interviews 

 
 

 

 

Respondents

Propositions & 1 2 3 4 5 6 7 8 9 10 11 12 Results

Barriers to Digital Transformation

P1. Economic  21.0%

No economic benefits -/- -/- +/- -/- -/- -/- -/- -/- +/+ -/- -/- -/- 12.0%

Lack of resources +/+ -/- -/- -/- -/- -/- -/- -/- -/- -/- -/- -/- 8.0%

Uncertain ROI +/- -/- -/- +/- -/- -/- -/- -/- +/+ +/+ +/+ +/+ 42.0%

P2a. Organizational 42.0%

Lack of understanding I4.0 +/+ +/- -/- +/+ +/- -/- +/- -/- +/- +/+ +/+ -/- 46.0%

Lack of understanding DT +/- +/- +/- +/+ -/- -/- +/- +/+ +/- -/- -/- +/+ 46.0%

No clear vision / strategy +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- +/+ 92.0%

Lack of management qualities +/- +/+ +/+ +/+ -/- +/+ -/- -/- -/- +/- +/- +/+ 54.0%

Lack of innovative culture -/- -/- -/- -/- -/- +/+ +/+ +/+ +/- +/- -/- -/- 33.0%

Ability to respond quickly -/- +/+ +/+ -/- +/+ +/+ -/- -/- +/+ -/- -/- -/- 42.0%

Ability to embrace I4.0 -/- -/- +/+ -/- -/- -/- -/- -/- -/- -/- -/- -/- 8.0%

Lack of insight customer needs -/- +/- -/- -/- -/- +/- -/- -/- -/- -/- +/- +/- 17.0%

P2b. Age 71.0%

Age of the entrepreneur +/+ +/+ +/+ +/+ -/- +/+ +/- -/- -/- +/+ +/+ +/+

P2c. Gender 58.0%

Gender or the entrepreneur +/- +/+ +/+ +/+ +/+ +/+ -/- -/- -/- +/+ -/- +/+

P3. Missing skills 50.0%

Lack of digital skills +/+ -/- +/+ -/- +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- 75.0%

Lack of sales skills -/- -/- -/- -/- -/- +/- -/- +/+ -/- -/- -/- -/- 12.0%

Lack of digital training/learning +/+ +/+ +/+ +/- -/- -/- +/+ +/+ +/+ +/+ -/- +/- 67.0%

P4. Resistance 12.0%

Employees recognize I4.0 -/- -/- -/- -/- -/- -/- -/- -/- +/- -/- -/- -/- 4.0%

Employees embrace I4.0 -/- -/- +/- +/- -/- +/- +/- -/- +/- -/- -/- -/- 21.0%

Employee resistance -/- -/- +/- -/- -/- +/- -/- -/- +/- -/- -/- -/- 12.0%

P5. Technical 80.0%

Internal IT infrastructure +/+ +/+ +/+ +/+ -/- -/- +/- +/+ +/- +/+ -/- +/+ 67.0%

External IT infrastructure -/- +/+ -/- -/- +/+ -/- -/- +/+ -/- -/- -/- -/- 25.0%

Fear of security / data storage -/- +/+ -/- +/+ +/- +/- +/+ +/+ +/+ -/- +/+ +/+ 67.0%

Lack of mature / reliable innovations -/- +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- +/+ +/- 80.0%

P6. Environmental 35.0%

Fear of IP / Product liability -/- +/+ +/- +/+ -/- +/+ +/+ +/- -/- -/- +/+ -/- 50.0%

Lack of technical standards -/- +/+ -/- +/+ +/+ +/+ -/- +/+ -/- +/+ +/+ +/+ 67.0%

Closeness to customers -/- -/- -/- -/- -/- -/- -/- -/- -/- -/- -/- -/- 0.0%

Resistance withing value chain -/- -/- -/- +/+ -/- +/+ -/- +/- -/- -/- +/- -/- 25.0%

+/+=support

+/-= some support

-/-= no support
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4.1 Economic barriers  
 

Most of the respondents considered their company to be a ‘jobber’. Only two 

considered themselves to an ‘industrial systems integrator’, two where not sure and one 

considered to be positioned in between. A Jobber is defined as: “a person who does casual or 

occasional work” 12. An Industrial System Integrator on the other hand is defined as “a 

company specialized in the design, realization and maintenance of industrial automation 

solutions by integrating various systems and / or products and associated software”13. 

No foreseeable economic benefits 

When asked if Industry 4.0 technology was considered to be an opportunity or a threat, 

most respondent answered that it would be an opportunity. The one respondent that did not 

regard it as an opportunity, regarded it as an impossibility. Impossible because according to 

the respondent, Industry 4.0 technology would only be feasible if his company would produce 

products in series, rather than unique items. One respondent however regarded it as a threat in 

the short term because he feared that larger companies would be able to apply Industry 4.0 

technologies quicker than SMEs. One other respondent, who was already quite advanced, saw 

it the other way around and regarded it as an opportunity until his competitors would start 

using Industry 4.0 technologies. Another opportunity that was often mentioned, was that most 

respondents experienced a general lack of available skilled laborers. Therefore, they 

considered techniques that enabled them to use less staff, to be an opportunity. More than just 

saving cost. 

 

 

 
12 https://www.lexico.com/definition/jobber 
13 https://fhi.nl/industrieleautomatisering/clusters/platform-industrial-system-integrators/ 
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Lack of resources 

All but one respondent considered the implementation as financially feasible. Even if they did 

not have financial means available now. Or as respondent 1 said it: “I think that is no different 

for the new techniques than for the old economy. If you can show the bank a sound business 

plan that it will pay off and that it will pay for itself, it can be financed”.  

Uncertain Return on Investment 

However, despite being confident that they can finance Industry 4.0 techniques, they 

were not all confident on a return on investment (ROI). Only 6 were positive, 4 were negative 

and 2 did not know. Respondent 4, who was not sure if he would see ROI, let alone 

improvement of financial result, said: “I think it would be more for us that at a certain point 

you are afraid that there are still insufficient skilled people and that at some point you have to 

automate because otherwise you simply cannot make your own turnover”. This problem of 

lack of skilled laborers is a common problem according to respondents. 

Lastly, regardless if ROI was to be expected, half the respondents were confident that 

it would also improve their financial results. In particular respondent 2 was positive: “Yes, 

yes, you can see right away, you see it in particular by the increase in productivity and 

therefore your profit margin also goes up”. On the other hand, respondent 3 was quite clear 

as well: “No, it is a necessity; we simply cannot survive if we do not”. 

In conclusion, there is only very little support for the first proposition. The vast 

majority of the respondents considers Industry 4.0 to be an opportunity and does not see a 

lack of financial resources to be a potential barrier. When it comes to expected ROI, the 

results are mixed.  
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4.2 Organizational barriers  

 

Understanding of Industry 4.0 

As for the concept of Industry 4.0, two respondents were actually unaware of this 

concept. Respondent 1 answered: “No, I can't really say that I know what it means, to be 

honest. Yes, I have heard about it, but I have no image or affinity or thought at all”. 

Respondent 8 on the other hand was quite clear and the only one who mentioned the factor 

interconnectedness: “Well, that everything is connected and well actually everything goes all 

the way from A to Z and everything is possible via the computer”. On average most 

respondents understood that Industry 4.0 was about interconnection and robotization. 

Understanding of Digitalization / Digital Transformation 

As for Digitalization, all respondents had some idea of this concept, from “Well, 

getting rid of all paper work” (respondent 8), and “Well, digitalization is that, for example, 

you work with the software ERP systems, so you have a set-up in your company with modern 

automated processes. If you are talking about processes that work with software packages for 

controlling machinery in which various files can be read. For me that is digitalization” 

(respondent 9). Most respondents had some idea as to what Digital Transformation would 

entail. Their perception was that Digital Transformation went a step further than 

Digitalization. They responded in the line of respondent 1: “Yes, what I imagine is the process 

of digitalization that is going on in society as a whole and that in the end everything must 

communicate electronically with each other and work together”. Only 3 respondents had no 

idea. 

Some companies used standalone robots, but only 1 company offered IoT solutions to 

its customers and 1 company was already advanced in the application of Industry 4.0 

technology. This was somewhat different in the sectors these companies were working in. 

Respondents indicated that only in very particular cases Industry 4.0 techniques were used. 
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Besides a few highly advanced SMEs, mainly in large companies. As respondent 5 put it: “I 

think that the very large globally active organizations are much further in this. But we are 

SME companies, so for us it is not always achievable”.  

No clear vision / strategy 

Only 1 of the respondents had a vision or strategy regarding Industry 4.0. The reason 

for not having one, was in fact for all respondents quite similar; they all took a pragmatic 

stance. As respondent 6 put it: “No vision has been written by me; we are an SME, so there 

are not 20 reports that describe the direction we are going. We are also a family business, so 

if we think we should steer the other way, we will steer the other way”. In addition, 

respondent 5 said: “No, we do not have that. The strategy slash vision is: how can we produce 

smarter and always look at how can we make something easier and better? How can we 

approach this in a smarter way from an innovative point of view to improve the processes, 

improve the techniques and make it easier for ourselves? So that's premise number one”. For 

one respondent latter was the same as having a vision. In general, respondents were quite 

pragmatic and always open to “smart” improvements. 

Leadership qualities 

As for the management qualities of having the appropriate digital skills, competencies 

and experience and being able to be forward looking and be able to create a vision or a 

strategy, the picture was mixed. Only 5 respondents were certain they had these qualities, but 

7 respondents were either certain they did not have these skills or needed support. As 

respondent 3 put it: “I'm looking for software for a robot, but then I get emails with language 

that I don't understand at all. I then have to look for people who can explain it to me, support 

me in this”. An important factor in this regard is lack time. Because many respondents 

indicated their company was so small, they had to focus on many things: “No, on the one 

hand there is a lack of time to delve into this and on the other hand developments are going 

quite fast” (respondent 2). 
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Inadequate organization and structures / Lack of innovative culture 

Respondents were owners of a family business. They, all but one, described their 

business therefore as conservative in many ways. Yet, still the majority considered their 

company to have an innovative culture: “In general, we get designs that are just not feasible, 

and then our attitude is both with engineering and the people in the factory, that they are very 

focused on how can we make something new compared to what we did before; something we 

have not done yet” (respondent 4). Also, a small majority respondents did consider their 

company to be able to respond quickly to new technological developments: “Fast. As a 

company, we are quite eager. I mean, there are very few sluggish people. The will to change 

is there. It's not like I have to kick houses, say, or drag people along. Fortunately not, I would 

say” (respondent 12), and “Quite quickly; we are reasonably on top of it and there is a fairly 

flat organization, so it is not the case that there are four different layers between management 

and work floor” (respondent 10).  

Ability to embrace Industry 4.0 

All but 1 respondent considered their company to be able to embrace Industry 4.0 

concepts or technologies. As respondent 8 put it: “When a new idea comes up, it is taken up 

well. People are also very happy when something new and innovative comes up.” 

Lack of insight int customer needs 

All respondents did indicate they were close enough to their customers to understand 

or gain sufficient insight in the needs of their customers. They expected their customers to 

provide them with all information necessary to make them an Industry 4.0 based offerings. As 

respondent 9 put it: “Yes, at least if we deal with existing customers, well, we even know when 

their wedding day is. So and other things, so yes they will share this information”. This 

intimate relationship with customers is quite common with respondents. 

Only 1 respondent offered actual IoT solutions to its customers. Other respondents 

offered either products based on new or improved techniques (not being Industry 4.0).  
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With one exception, sales is usually done by the owner, together with his or her 

technical staff. Technical, or digital knowledge, usually resides with the employees on the 

workfloor and not necessarily with the sales people. As respondent 6 put it: “We are kind of 

jobbers, so what is often asked of us is: make this or that and give us your advice on how to 

improve this or that. Well, that advice on how this can be improved, our technicians do that, 

we have a lot of knowledge there, uhm, but we don't engineer for the customer and we 

therefore don't sell something we have come up with ourselves.” So, new Industry 4.0 based 

solution are not offered to the customers. Only 2 respondents said that they now selected sales 

people based on existing digital skills.  

In conclusion, there is also little support for this proposition. Knowledge and 

understanding of Industry 4.0 and Digital Transformation are limited. Across the board there 

is no vision or strategy with regards to Industry 4.0. On average, management does not 

consider itself to be able to produce such a vision or strategy. However, despite the 

predominant conservative culture, most companies are open to innovation and able to offer 

new (Industry 4.0) concepts and products. 

4.3 Age of the entrepreneur in relation to innovation 

 There was an indication as to whether or not age had any influence on the propensity 

to innovate; 8 out of 4 indicated that age was a factor. 4 major conditions were mentioned as 

main intrinsic determinants for the ability to innovate: (1) interest in technical developments; 

(2) creativity; (3) mental flexibility and (4) entrepreneurship: “My father, who is almost 80, is 

still present in the company three days a week. But he embraces everything new. So that 

mainly has to do with an entrepreneurial spirit. He is also very visionary. And that is what 

typifies an entrepreneur: That he looks ahead and yes keeps a close eye on what is on the 

market, what is moving, why should I add it?” (respondent 3) But also the external factor of 

necessity plays an important role, because respondent’s companies were relatively small. In 

the latter case, respondents indicated that innovation was only adopted if it was really 
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necessary in order to remain competitive. As respondent 4 vividly expressed the influence of 

age: “Age plays a big role; well my father, who is a little bit gallic about this, he doesn't want 

to know. He runs out the door when I start talking about 3D drawings.”  

 In conclusion, this proposition is supported. The respondents who did not support this 

proposition had experience with some exceptions. 

4.4 Gender of the entrepreneur in relation to innovation 

Out the 12 respondents, 6 were women. A majority of the men did not see any 

relationship to the propensity to innovate. Only 1 woman did not see the relationship either. 

Altogether, 7 other respondents did see a relationship, or could imagine this relationship. 1 

was not sure and 3 did not think there was a relationship and 1 even thought there was a 

negative relationship. The 4 factors that were mentioned were: (1) women’s natural curiosity; 

(2) women are more inclined to discuss issues and get feedback/new ideas and (3) women 

were better able to have an overview and rather than loose themselves in technicalities: “Yes, 

I think because they see different things; a total picture at a given moment and then we let the 

various components in the story play out, weigh them up and then think: yes, that's it going to 

be or not, for such and such reason. I think that is because we see the bigger picture. I often 

see my brother, my fathers, getting lost in the smaller parts of a problem. I always keep seeing 

the whole picture.” (respondent 3, woman). The 4th factor that was mentioned was that 

women better able to listen then men. As respondent 12 (male) said: “I think that men are a 

bit more cocky, and that women are a bit more cooperative and willing to listen. (…) I think 

men are more like well, ‘I know what's good’, You know. And I think that women in that 

respect yes, look a bit better of how do I get along with this and can also step over their own 

shadow a bit more”.  
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In conclusion, this proposition has strong support. The respondents that did not think 

there was a relationship were either unsure about it, or had not given it any thought. Only 1 

respondent in fact saw a negative relationship. 

4.5 Missing skills 
 

Lack of digital skills 

Across the board, digital skills were considered to be insufficient. Age is an important 

factor; older employees (in general those over 50 years of age) are considered to be not or 

only limited digitally skilled, as respondent 10 put it: “We also have machines that can be 

controlled digitally, but some older employees don't like that, they prefer to do everything 

completely manually. And others think that is great. That is usually a generation thing, I 

think… All people in their twenties and thirties know perfectly how it works and they learn it 

very quickly and all people in, say, their forties and fifties, are a bit more reserved. Except for 

a few, but that's generally what you see”. Employees that are considered to be digitally skilled 

are rated as such because they show interest in “digital” and are better able to learn new skills. 

As respondent 11 put it: “My view of children who play games has changed a lot. Yes, I just 

need guys who play games because they can think very well in 3D”. But in general, other than 

being interested in digital, actual technical digital skills are not yet present. With the 

exception of one company, employees are not selected based on their digital skills. 

Ability to offer Industry 4.0 

With regards to skills on the sales side; the ability to offer new or Industry 4.0 

products and solution, the situation was a bit different. 10 respondents indicated they would 

be able to offer these products and solutions, 1 was unsure and 1 indicated they would not be 

able to make these kind of offerings. The explanation was that (new) product offerings were 

made by the owners themselves who were best positioned to know the latest techniques, or in 

a few companies by a sales team that consisted of highly (and sometimes digitally) skilled 
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employees. “Yes, if I want to make offerings based on new techniques, then I will make an 

innovative offer. Because if you are the one who decides on the new techniques and are also 

the sales person, then you also know what you want to sell and what the possibilities of a new 

technique is” (respondent 4). However, respondents also indicated that offering Industry 4.0 

solutions was not always possible. At least not at this moment. At best respondents would 

cooperate with companies who would use Industry 4.0 techniques. There were practical 

reasons; respondents indicated they are active in the metal industry, so they considered for 

instance 3D printing was not yet possible, at least not for printing metal. In addition most 

respondents produce unique, one off products, and therefore they considered robotics not to 

be a feasible solution because this would mean they had to adjust the settings for every 

production and this would be too time consuming. So with the exception of 1 respondent, 

none of the companies have offered Industry 4.0 based products or services, nor were they 

asked by either their customers or suppliers to do so.  

Lack of training / learning 

When it comes to technical or “digital training”, the picture was mixed, between: 

“Little. Strangely enough, yes, but that has to do with the fact that it is a small company. 

Those guys mainly have to do production” (respondent 1), and “Yes we have a training plan. 

Yes, we train them in everything we have in our factory. And then there are those few, the 

hobbyists, who look outside the door and they come up with something new. We encourage 

that too. But of course I will see whether we can do something with it now or in the future.” 

(respondent 6). So, training plans, when present, are usually focused on existing ‘analogue’ 

technology that is already present in the company.  

The Smart Industry organization is usually somewhat known to the respondents, but 

their services are not. Respondents expect from Metaalunie to be a source of information with 

regards to Industry 4.0 possibilities and applications and in addition, provide practical, real 

life examples or workshops and networking facilities (for both management and employees) 
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in order to come in contact with more advanced companies and share ideas. Some respondents 

expected Metaalunie to provide technical training as well: “Well, I think it is that there is now 

a lot of focus on training for people in the office. But it would be nice and if there were a laser 

operator course or a canter course and you would just do it centrally. And let people from 

different companies get together and let those people talk to each other and they learn from 

each other” (respondent 11). In addition some respondents expected a contribution from the 

Dutch government in terms of providing education and research or subsidies in case they 

would invest in new technologies, in order to stay competitive. Although some also indicated 

that the current system of subsidies was so elaborate that they did not make use of it. With 

regards to the Dutch educational system, some respondents said that they experienced the 

current system not to be in line with demand of the manufacturing companies; it is still too 

little focused on digitalization, let alone Industry 4.0 technologies.  

In conclusion, this proposition is supported. There is a lack of digital skills among 

employees and both company training (plans) Smart Industry or Metaalunie facilities and the 

current educational system are considered to be insufficient to provide the necessary digital 

training. Sales team on the other hand, felt they were better skilled and able to make new or 

maybe even Industry 4.0 offerings. 

4.6 Employee resistance 
 

Only 3 of the respondents expected minor employee resistance towards Industry 4.0 

Digital Transformation and the change that this would mean for the way of working or even 

possibility of losing jobs. This is remarkable, because research has shown that employee 

resistance is one main barriers in general. However, in the metal industry there is a shortage 

of skilled laborers, so, as respondent 1 said: “That mainly has to do with corporate culture. At 

a certain point if I would say: guys, this is really useful for the company and we should do 
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this. Then they might just scratch their heads and say what is he talking about, but then it is 

the culture of well, if (..) says it is useful, then it will be useful, so then we go for it too”. 

Almost all respondents expected to be able to recognize Industry 4.0 technologies, 

although they expected this would require some convincing: “Yes, I think I can show the 

benefits. I would say: unknown makes unloved, so there is first fear. So you have to take this 

fear away and then they can see the benefits.”(respondent 6). When it comes to actually 

embracing Industry 4.0 technologies, most respondents indicated that they expect the majority 

of their employees to do so, although in particular older and some younger, less educated, 

employees, might keep some reservations. 

In conclusion, this proposition is not supported. In general respondents expected their 

employees to recognize the benefits of Industry 4.0, embrace it and would not expect to show 

resistance. Age of the employees however, is an issue of some concern. 

4.7 Technical barriers  

 

IT infrastructure 

Most respondents believed their IT infrastructure was not ready for the future, let 

alone Industry 4.0 technologies. It was sufficient for internal processes, but respondents did 

not anticipate it to be sufficient when their systems would (have to) be interconnected with 

partners in the value stream. However, respondents were also quite pragmatic in this respect. 

As respondent 1 said: “Well, the IT infrastructure that I have will not be very prepared for 

that. However the people I have around me can ensure that if a problem arises that it can be 

solved quite quickly.” As for the external IT infrastructure, the internet and mobile network, 

only 3 of the respondents indicated that it was not sufficient. Especially those who were based 

in remote areas complained about slow and unreliable connections.  
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Fear of security / data protection 

Most respondents had worries or even experience with cybercrime and or data 

protection. 3 respondents considered their companies too small for any kind of cybercrime 

and did not bother too much about data protection, or as respondent 3 put it: “I never bother 

with that, but that is up to me. But no, I think, if they want to do harm then they do it, I think. 

That's a bit naive, but come on. No no.”. 2 respondents were undecided. As respondent 5 put 

it: “Of course I have heard of cybercrime, but that only happens at large companies, which is 

far from our bed”. All respondents claimed they had taken the necessary protection measures 

against cybercrime and to protect data.  

Lack of mature / reliable innovations  

All but one respondent indicated that the Industry 4.0 were not (yet) fully mature or 

reliable to invest in. Respondent 6 had the following experience: “A few years ago we bought 

a robot laser cutting machine. That was the very first and the teething problems were not over 

yet. So we will no longer be the first to bring in something. Now I always want to see a good, 

successful implementation somewhere first. It must be proven technology”   

In conclusion, the proposition is largely supported. IT infrastructure in most 

companies is expected to require improvement once data traffic is increasing. There is a 

predominant fear for cybersecurity and data protection and most importantly, the majority of 

the respondents regards current technologies either to be immature or unreliable. 

4.8 Environmental barriers  

 

Legal barriers 

When it comes to potential legal barriers, such as product liability and intellectual 

property, most respondents did consider this to be cause for concern, although mainly for 

larger companies. Only 1 respondent had some bad experience with intellectual property. 

Also privacy, in particular breach of employee privacy, enabled by digital monitoring 

technologies, was not expected to be an issue. Respondents indicated they did not intend such 
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technologies. As respondent 1 put it: “If, as a company, you need to use digital systems to 

monitor your staff. Well, I say you also have another problem in your company”. Some 

respondents were however a bit annoyed by the amount of ever changing legislation they 

were confronted with, which interfered with their activities and cost them too much time and 

money to incorporate into their business. 

Lack of standards 

There was one major problem that was experienced by all respondents, and that was 

the lack of standards. As respondent 3 put it: “You see, diversity is a bottleneck in 

digitalization or in smart industry.” This lack of standards is something all respondents now 

already experienced in connection between various ERP systems.  

Resistance within the value chain 

When asked if respondents expected that partners in the value chain would accept 

interconnectedness, the consensus was that it mainly depended upon trust; trust in trust in the 

partner with whom connection would have to be established.  

All respondents did indicate however, they were close enough to their customers to 

understand or gain sufficient insight in the needs of their customers and they expected their 

customers to provide them with all information necessary to make new or even Industry 4.0 

based offerings. As respondent 9 put it: “Yes, at least if we deal with existing customers, well, 

we even know when their wedding day is. So and other things, so yes they will share this 

information.” This intimate relationship with customers is quite common with respondents. 

Also, in case there would have to be an interconnection between respondent’s companies and 

their customers, then with the exception of 2 respondents, the majority of the respondents 

expected their customers to accept that: “Yes, I think so, with the limitation that when it 

disrupts their work processes or when they would have to invest a lot just to be able to work 

with me, then I don't believe they would do it, but if it adds value for the customer if it adds 
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value, then they do.” (respondent 1). Respondents did however expect that there might be 

concerns with regards to data protection or cybersecurity. 

In conclusion, there is mild support for this proposition. On the one hand there are 

concerns about security and legal issues and a lack of standards. On the other hand, 

respondents companies are close enough to their customer to be able to make Industry 4.0 

offerings. Little resistance in the value chain is expected when it comes to future 

interconnected Industry 4.0 solutions. 

4.8 Other barriers 
 

 In order to either discover new barriers or barriers that respondents are faced with in 

particular, the question was asked if respondents experienced, or could think of any barriers, 

that were not addressed in the interview protocol. This did not lead to any new barriers, but 5 

barriers were emphasized: (1) lack of reliability and immaturity of Industry 4.0 technologies 

in particular in relation to the cost involved. One respondent referred to it as “flights of fancy” 

(respondent 1); (2) lack of standards or “compatibility” as one of the respondents called it; (3) 

Industry 4.0 techniques are not considered to be suitable for tailor made products, but rather 

for making serial product faster and cheaper; (4) liability in the value chain was also 

considered to be a barrier: “Yes, I compare it a bit with if you have a kitchen made and the 

equipment comes from a and the kitchen installer is b and something goes wrong. And then it 

is always up to the installer or a man of the equipment. But no one takes responsibility.” 

(respondent 6); (5) lack of understanding of Industry 4.0. Although most respondent did not 

always say this in so many words and most of them had some idea about the concept of 

Industry 4.0, respondent 12 said downright “The biggest barrier about whole Industry 4.0 is 

that, even for someone like me, let me just call myself the middle bracket, that I don't even 

know exactly what I want with it, or what it means exactly (….) 4 or 5 years ago Industry 4.0 

emerged all at once. It was then hyped; well, that's something, we will hear a lot about that in 
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the coming years. And then we haven't heard much more about it. We probably started 

working on it unknowingly. But we are losing the big picture a bit. (….) I think we should be 

better informed about Industry 4.0 and it should be better showcased.” 
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5. Conclusion and discussion 
 

In this research the question: What barriers do Dutch incumbent family owned 

manufacturing SME’s experience that keep them from engaging in an Industry 4.0 Digital 

Transformation? was addressed. To answer this question, the most common barriers found in 

literature were examined by conducting a case study of 12 companies. Propositions 2b (age of 

the employee), 2c (gender of the entrepreneur), 3 (missing skills), 5 (technical barriers) and 6 

(environmental barriers) are supported. Propositions 1 (economic barriers), 2a (organizational 

barriers) and 4 (employee resistance) are not supported. This means that 2 of the most 

important barriers relating to Socio-technical inertia (Soto Setzke, 2020), organizational 

barriers and employee resistance were not perceived or expected. 

Digital Transformation and Industry 4.0 appeared to be a concept that respondents 

heard about, but was not always well understood. In particular the possibilities that Industry 

4.0 has to offer for respondents’ companies was underestimated and therefore considered to 

be not (yet) feasible. In particular robots were considered to be suitable for the production of 

larger series, rather than individualized products, which is not necessarily the case14.  

Digital skills were generally low. Therefore, most respondents did not consider 

themselves to be sufficiently able to create a vision or strategy. However, despite the lack of 

understanding of the concepts of Industry 4.0 or Digital Transformation, most of them did 

consider Industry 4.0 to be an opportunity and if need be, sufficient financial resources could 

be acquired. The overall attitude in this respect was a pragmatic. This can be explained by the 

fact that these companies were family owned companies, who generally had a clear 

entrepreneurial spirit. Personal characteristics are however quite important moderating factors 

when it comes to actually embracing Industry 4.0 innovations, as both age and gender may 

 
14 See the 2016 report by PKM at: https://www.pkmadviesmetaal.nl/media/16982/trends-in-de-metaal-2016-

002.pdf 
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have an impact on the will and ability to innovate and embrace new ventures in the sense that 

the older the entrepreneur, the less inclined he or she will be to embrace innovative 

opportunities and woman where attributed some particular female qualities that may have a 

positive effect on the propensity to innovate as well.  

Respondents did expect their organization was able to embrace Industry 4.0. Their 

organizations were characterized as ‘flat’ and did not have many management layers and 

therefore short lines of communication and the inherent property to be flexible and 

responsive. Respondents indicated therefore they could respond rather quickly to new and 

innovative opportunities and embrace them.  

An important result of this research in this respect is that respondents did not expect 

much resistance from their employees. This was considered to be one of the main barriers by 

Vial (2019). Respondents expected employees to recognize the benefits and embrace Industry 

4.0 concepts and technologies if the benefits would be explained properly. The only category 

of employees from whom resistance was expected, where “older” employees, older being over 

50 years of age.  

Technical issues did prove to be a barrier. The few respondents that already explored 

the possibilities of Industry 4.0, regarded these technologies still to be unreliable and 

immature or simply not useful. In addition in relation to security and interconnection in the 

value chain, most respondents had their worries with cybercrime in particular.  

In case Industry 4.0 offerings would be made, a majority of the respondents did 

consider their companies to be sufficiently close to their customers to be able to make 

Industry 4.0 offerings. They did not expect there to be any resistance when it comes to the 

required interconnectedness. However, lack of technical standards was a barrier in most cases 

to achieve this interconnectedness.  
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Most respondents did indicate however that, despite the fact they would be able to 

offer Industry 4.0 products and solution, they were not in a position to actually offer Industry 

4.0 solutions or technologies, because they are ‘jobbers’. This means they were dependent 

upon other companies in the value chain; they had to follow and were not in a position to lead. 

Although there were some exceptions. 

Apart from the barriers addressed in this research, respondents did not so much come 

up with new barriers, but in many cases they stressed the importance of previously mentioned 

barriers. The most pressing ones being the need for more IT standards and the constraint of 

being in a position to have to produce single, unique items instead of serial products and 

therefore not be able to embrace Industry 4.0 technologies. 

Not all barriers are of course easy to overcome. For instance, the development of 

reliable and mature Industry 4.0 technologies takes time and depends upon developments on 

the supplier side. However, given the results, some recommendations can be made to 

overcome most of the barriers found. These recommendations could also be considered as 

‘Critical Success Factors’, or “Those few things that must go well to ensure success for a 

manager or an organization and, therefore they represent therefore those managerial and 

enterprise arias that must be given special and continual attention to bring about high 

performance” (Boynton and Zmud, 1984, p. 17). In this case the critical success factors are: 

1. Serious efforts should be made to create a better understanding of Industry 4.0 and its 

practical applications and benefits; ‘Unknown makes Unloved’. This can be done by the 

companies themselves, but also either by the Smart Industry organization, Metaalunie or 

through Government programs.  

2. In addition, more awareness and understanding should be created about what exactly 

entails a Digital Transformation that is the result of Industry 4.0 implementation, possibly 

by the organizations mentioned above as well.  
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3. To overcome the lack of digital skills, not only the companies themselves, but also the 

current Dutch educational should focus more on developing these skills. All too often 

respondents complained that not much had changed since they left school, some 30 years 

or more and focus is still too much on practical rather than digital skills. 

4. In addition, again the Smart Industry organization and Metaalunie should focus on more 

and accessible workshops, training programs or networking opportunities to increase 

digital awareness and digital skills. A potential benefit could be that the participants of 

these events could create their own knowledge networks which increase awareness, 

understanding and acceptance of Industry 4.0 and stimulates creativity within companies. 

5. Lack of standards is an important barrier. Efforts should be made to create standards that 

enable companies to connect their systems15. 

6. Last but not least, reliability and maturity of Industry 4.0 technologies was mentioned as a 

barrier, although this might also be explained in relation to the first factor. Because it can 

be debated whether it is the perception of the respondents caused by lack of understanding 

of the technologies (or they experienced difficulties implementing), or the actual state of 

technology itself.  

If these factors are addressed adequately, the most important barriers will be taken 

away for Dutch incumbent family owned manufacturing companies to start a successful 

Digital Transformation implementing Industry 4.0 concepts and technologies. 

The contribution of this research is that it explored the most common barriers 

identified in literature and examined them in an environment they were not examined before 

until now: family owned, SMEs, in particular in The Netherlands that had a second or even 

third tier position in the value chain. These companies are (or considered themselves) often 

 
15 Some efforts are quite promising in this regard, for instance the SCSN standard. See 

https://repository.tno.nl/islandora/object/uuid:36745cb0-3d5f-4f79-9034-93e02e80529c 
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not in a position to actually autonomously decide whether or not to embrace Industry 4.0 

technologies and engage in a Digital Transformation, because they feel this is for a large part 

determined by first tier companies in their value chain.  

Another contribution is that this research shows that even the most agreed upon 

barriers do not, or not equally, apply in all sectors or countries. The very nature of the 

company proved to have significant influence on the barriers perceived or anticipated.  

The last contribution is that this research shows that gender can play a role when it 

comes to the propensity to embrace innovative technologies. The qualities attributed to 

women differ from those attributed to men in the sense that women may well be more open to 

innovation than men. 
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6. Limitations and future research 
 

This research is limited in a few ways. The main limitation is transferability, which 

means the outcomes cannot be considered to be generalizable. This is inherent to qualitative 

research with just a small sample of such a vast population. Therefore similar research could 

be conducted in with one or more different samples to establish if findings would be the same. 

Alternatively or in addition a quantitative research could be conducted to a much larger 

sample to test the outcome of this research and further strengthen the results. 

Another limitation could be sampling bias. In this case, because a purposive sampling 

method was used to select the respondents. This may mean that the sample is not entirely 

representative (Trochim et al., 2016). In particular since respondents were selected based on 

at least some affinity with the subject. During the interviews it became clear that this affinity 

was not expected to be shared by a large part of the population because they are considered to 

focus on day-to-day business and are less occupied with technological advancements, let 

alone Industry 4.0 opportunities. Non-response is also a problem that may contribute to 

sampling bias. In this research, 56% of the companies approached did either not reply to the 

request to participate or refused to participate. These companies indicated they had no interest 

in the subject or simply did not have the time. This could also be considered to be a form of 

bias (Trochim et al., 2016). 

Suggestion for future research would be to research family owned Dutch SME 

industries in other industries, with various sizes in order to identify differences between 

industries and size of the companies. In particular, since respondents indicated there is a 

shortage of skilled technical laborers and therefore resistance to change is not expected, 

because employees have a choice of employers. This may be different in other industries.  

The same applies to the role within the company; research was now conducted with 

respondents who were owner or director, but in particular when it comes to organizational 
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factors, research could be conducted by interviewing employees. In particular when it comes 

to resistance, the outcome was unexpected, because in literature, resistance was an important 

barrier to Digital Transformation. But this might be different when employees are 

interviewed. 

Lastly, the influence of gender on the willingness or ability to innovate would be an 

interesting topic of further research. In what way do the inherent gender related qualities have 

an influence on this matter? In particular in relation companies that are working to high tech 

(Industry 4.0) environments. 

  



58 

 

Bibliography 
 

Aichholzer, G., Gudowsky, N., Saurwein, F. & Weber, M., (2015) - Industry 4.0. Background 

Paper on the Pilot Project “Industry 4.0. Foresight & Technology Assessment on the 

Social Dimension of the Next Industrial Revolution”. Institute of Technology 

Assessment, Austrian Institute of Technology, ITA-project Nr.: ITA-AIT-1en (2015). 

Retrieved from: http://epub.oeaw.ac.at/ita/ita-projektberichte/ITA-AIT-1en.pdf.j 

Accessed: Sept. 24, 2020 

Besson, P., & Rowe, F. (2012).   "Strategizing   Information   Systems-Enabled   

Organizational Transformation:  A  Transdisciplinary  Review  and  New  Directions." 

The  Journal  of  Strategic Information Systems, Vol. 21 (2), P. 103-124 

Boeije, H.R. (2009) – Analysis in Qualitative Research. Thousand Oaks, California: SAGE 

Publications 

Boughton, N.J.,  & I.C.  Arokiam, I.C. (2000) - The  Application of Cellular Manufacturing: 

A Regional Small to Medium Enterprise Perspective. Proceedings of the Institution of 

Mechanical Engineers, Part B: Journal of Engineering Manufacture Vol. 214 (8) P. 751–

754. https://doi.org/10.1243/0954405001518125 

Bovey, W. H. & Hede, A. (2001) - Resistance to organizational change: the role of cognitive 

and affective processes, Leadership and Organization Development Journal, 22(8), pp. 

372–382. 

 

Boynton, A.C. & Zmud, R.W. (1984) – An Assessment of the Critical Success Factors. Sloan 

Management Review, Vol. 25 (4), P. 17-27 

 

Buhr, D. (2017) - Social Innovation Policy for Industry 4.0. Friedrich Ebert Stiftung, 2017 

Culota, G., Nassimbenia, G. Orzesb, G. & Sartora, M. (2020) - Behind the definition of 

Industry 4.0: Analysis and open questions. International Journal of Production 

Economics, 2020, Vol. 226, P 1-15 

Darke, P., Shanks, G., & Broadbent, M. (1998) - Successfully completing case study research: 

combining rigour, relevance and pragmatism. Information Systems Journal, 8(4), 273-289 

Davies, R. (2015) - Industry 4.0 Digitalization for productivity and growth. European 

Parliamentary Research Service, Members' Research Service PE 568.337. Retrieved 

from: 

https://www.europarl.europa.eu/RegData/etudes/BRIE/2015/568337/EPRS_BRI(2015)56

8337_EN.pdf. Accessed: Oct. 20, 2020 

 

Decker, A. (2017) - Industry 4.0 and SMEs in the Northern Jutland Region. In: Value 

Creation in International Business, P 309–335. Palgrave Macmillan, Cham. 

http://dx.doi.org/10.1007/978-3-319-39369-8_13 

 

Del Rowe, S. (2017). Digital Transformation needs to happen: the clock is ticking for 

companies that have been unwilling to embrace change. CRM Magazine, 21(10).    

Retrieved from: https://www.destinationcrm.com/Articles/Editorial/Magazine-

http://epub.oeaw.ac.at/ita/ita-projektberichte/ITA-AIT-1en.pdf.j
https://www.europarl.europa.eu/RegData/etudes/BRIE/2015/568337/EPRS_BRI(2015)568337_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2015/568337/EPRS_BRI(2015)568337_EN.pdf
https://www.destinationcrm.com/Articles/Editorial/Magazine-Features/Digital-Transformation-Needs-to-Happen-Now-120789.aspx


59 

 

Features/Digital-Transformation-Needs-to-Happen-Now-120789.aspx. Accessed: Oct. 

21, 2020 

Deloitte (2015) - Industry 4.0: Challenges and Solutions for the Digital Transformation and  

Use of Exponential Technologies. Retrieved from: 

http://www2.deloitte.com/content/dam/Deloitte/ch/Documents/manufacturing/ch-en-

manufacturing-industry-4-0-24102014.pdf. Accessed: Oct. 21, 202o 

Dutch Chamber of Commerce (2019) – Digitization of SME companies (Digitalisering van 

het MKB). Retrieved from: 

https://www.kvk.nl/download/Rapport%20onderzoek%20Digitalisering_tcm109-

475454.pdf. Accessed: Oct. 1, 2020 

Dutch Chamber of Commerce (2020) – Smart Industry 2020. Retrieved from: 

https://www.kvk.nl/download/Onderzoek%20Smart%20Industry%202020_tcm109-

491724.pdf. Accessed: Oct. 1, 2020 

Dutch Government (2018a) - Dutch Digitalization Strategy. Retrieved from: 

https://www.government.nl/documents/reports/2018/06/01/dutch-digitalisation-strategy. 

Accessed: Oct. 1, 2020 

Dutch Government (2018b) – SME Actionplan (Dutch: MKB actieplan). Retrieved from: 

https://www.rijksoverheid.nl/documenten/rapporten/2018/06/29/mkb-actieplan. 

Accessed: Oct. 1, 2020 

Dutch Government (2019) - Dutch Digitalization Strategy 2.0. Retrieved from: 

https://www.nederlanddigitaal.nl/documenten/publicaties/2019/11/13/english-version-of-

the-dutch-digitalisation-strategy-2.0. Accessed: Oct. 1, 2020. 

Dutch Government (2020) – Dutch Digitalization Strategy 2020. Retrieved from: 

https://www.rijksoverheid.nl/documenten/rapporten/2020/06/25/nederlandse-

digitaliseringsstrategie-2020. Accessed: Oct. 1, 2020. 

European Commission (2015) - Digital Transformation of European industry and enterprises, 

Strategic Policy Forum on Digital Entrepreneurship. Retrieved from: 

https://ec.europa.eu/growth/content/digital-transformation-european-industry-and-

enterprises-%E2%80%93-report-strategic-policy-forum_en. Accessed: Oct. 28, 2020 

European Union; European Commission (2015) - User Guide to the SME Definition. 

Retrieved from: https: //ec.europa.eu/regional_policy/sources/conferences/state-

aid/sme/smedefinitionguide_en.pdf. Accessed: Sept. 25, 2020. 

Ferreira, J.J.M., Cristina I. Fernandes, C.I. & Ferreira, F.A.F. (2019) - To be or not to be 

digital, that is the question: Firm innovation and performance. Journal of Business 

Research, 101, 2019, P 583–590 

Fitzgerald, M., Kruschwitz, N., Bonnet, D. & Welch, M. (2014) - Embracing digital 

technology: a new strategic imperative. MIT Sloan Management Review, 2014, Vol. 55 

FME, TNO, Ministry of Economic Affairs, VNO-NCW & Chamber of Commerce (2014a) – 

Smart Industry – Dutch Industry Fit for the Future. Retrieved from: 

https://wp.kennisbanksocialeinnovatie.nl/wp-content/uploads/2020/08/Smart-

Industry.pdf. Accessed: Oct. 1, 2020 

https://www.destinationcrm.com/Articles/Editorial/Magazine-Features/Digital-Transformation-Needs-to-Happen-Now-120789.aspx
https://www.kvk.nl/download/Rapport%20onderzoek%20Digitalisering_tcm109-475454.pdf
https://www.kvk.nl/download/Rapport%20onderzoek%20Digitalisering_tcm109-475454.pdf
https://www.kvk.nl/download/Onderzoek%20Smart%20Industry%202020_tcm109-491724.pdf
https://www.kvk.nl/download/Onderzoek%20Smart%20Industry%202020_tcm109-491724.pdf
https://www.government.nl/documents/reports/2018/06/01/dutch-digitalisation-strategy
https://www.rijksoverheid.nl/documenten/rapporten/2018/06/29/mkb-actieplan
https://www.nederlanddigitaal.nl/documenten/publicaties/2019/11/13/english-version-of-the-dutch-digitalisation-strategy-2.0
https://www.nederlanddigitaal.nl/documenten/publicaties/2019/11/13/english-version-of-the-dutch-digitalisation-strategy-2.0
https://www.rijksoverheid.nl/documenten/rapporten/2020/06/25/nederlandse-digitaliseringsstrategie-2020
https://www.rijksoverheid.nl/documenten/rapporten/2020/06/25/nederlandse-digitaliseringsstrategie-2020
https://ec.europa.eu/growth/content/digital-transformation-european-industry-and-enterprises-%E2%80%93-report-strategic-policy-forum_en
https://ec.europa.eu/growth/content/digital-transformation-european-industry-and-enterprises-%E2%80%93-report-strategic-policy-forum_en
https://wp.kennisbanksocialeinnovatie.nl/wp-content/uploads/2020/08/Smart-Industry.pdf
https://wp.kennisbanksocialeinnovatie.nl/wp-content/uploads/2020/08/Smart-Industry.pdf


60 

 

FME, TNO, Ministry of Economic Affairs, VNO-NCW, Netherlands ICT & Chamber of 

Commerce (2014b) - Actieagenda Smart Industry. Retrieved from: 

https://wp.kennisbanksocialeinnovatie.nl/wp-content/uploads/2020/08/Smart-Industry-

actieagenda-LR.pdf. Accessed: Oct. 1, 2020 

FME, TNO, Ministry of Economic Affairs, Royal Metaalunie, & Chamber of Commerce 

(2018) - Smart Industry Implementatieagenda 2018-2021. Retrieved from: 

https://smartindustry.nl/downloads/2c3a0f/agenda.pdf. Accessed: Oct. 1, 2020 

Fonseca, L.M. (2018) - Industry 4.0 and the digital society: concepts, dimensions and 

envisioned benefits. Proceedings of the International Conference on Business Excellence 

2018, Vol.12 (1), P. 386–397 

Ghobakhloo, M. (2018). The future of manufacturing industry: a strategic roadmap toward 

industry 4.0. Journal of Manufacturing Technology Management, Vol. 29, P 910–936 

Gualtieri, L., Rojas, R., Carabin, G. Palomba, I., Rauch, E., Vidoni, R. & Matt, D.T. (2018) - 

Advanced Automation for SMEs in the I4. 0 Revolution: Engineering Education and   

Employees Training in the Smart Mini Factory Laboratory. 2018 IEEE International  

Conference on Industrial Engineering and Engineering Management (IEEM), P. 1111–

1115  

Gupta, S. (2018) – Organizational Barriers to Digital Transformation. KTH Royal Institute of 

Technology, School of Industrial Engineering and Management, Stockholm, Sweden. 

Source: https://www.diva-portal.org/smash/get/diva2:1218220/FULLTEXT01.pdf. 

Accessed : Sept. 30, 2020 

Hannan, M.T. & Freeman, J. (1984). “Structural Inertia and Organizational Change” 

American Sociological Review, Vol. 49 (2), P. 149–164 

Hirsch-Kreinsen, H. (2016) - “Industry 4.0" as Promising Technology: Emergence, Semantics 

and Ambivalent Character. Soziologisches Arbeitspapier Nr. 48, 2016 

Hofmann, E. & Rüsch, M. (2017) - Industry 4.0 and the current status as well as future 

prospects on logistics. Computers in Industry, Vol. 89, P. 23–34 

Horváth, D. & Szabó, R. (2019) - Driving forces and barriers of Industry 4.0: Do 

multinational and small and medium-sized companies have equal opportunities? 

Technological Forecasting & Social Change, Vol.146 (2019), P 119–132 

Hughes, J. (2017) - What a digital organization looks like. Retrieved from: 

https://medium.com/doteveryone/what-a-digital-organisation-looks-like-82426a210ab8. 

Accessed: Sept. 30, 2020 

Jovanovski, B., Seykova, D., Boshnyaku, A. & Fischer, C. (2019) – The Impact of Industry 

4.0 on the competitiveness of SMEs.  International Scientific Journal “Industry 4.0”, Year 

IV, Issue 5, P. 250-255 

Kagermann, H., Wahlster, W & Helbig, J. (2013) - Recommendations for Implementing the 

Strategic Initiative INDUSTRIE 4.0. Berlin: Industrie 4.0 Working Group of Acatech. 

Retrieved from: http://www.acatech.de/fileadmin/user_upload/Baumstruk 

tur_nach_Website/Acatech/root/de/Material_fuer_Sonderseiten/Industrie_4.0/Final_repor

t__Industrie_4.0_accessible.pdf. Accessed: Oct. 20, 2020 

https://wp.kennisbanksocialeinnovatie.nl/wp-content/uploads/2020/08/Smart-Industry-actieagenda-LR.pdf
https://wp.kennisbanksocialeinnovatie.nl/wp-content/uploads/2020/08/Smart-Industry-actieagenda-LR.pdf
https://smartindustry.nl/downloads/2c3a0f/agenda.pdf
https://www.diva-portal.org/smash/get/diva2:1218220/FULLTEXT01.pdf
https://medium.com/doteveryone/what-a-digital-organisation-looks-like-82426a210ab8


61 

 

Kane, G. C., Palmer, D., Phillips, A.N., Kiron, D. & Buckley, N. (2015) - Strategy, Not 

Technology, Drives Digital Transformation. MIT Sloan Management Review & Deloitte, 

(57181), P 1-25. Retrieved from: 

https://www2.deloitte.com/content/dam/Deloitte/cn/Documents/technology-media-

telecommunications/deloitte-cn-tmt-strategy-not-technology-drive-digital-transformation-

en-150930.pdf. Accessed: Nov.18, 2020 

 

Keyes, C.L.M. (2000) - Subjective Change and Its Consequences for Emotional Well-Being. 

Motivation and Emotion, Vol. 24(2), P. 67–84.  

Kohnke, O. (2017) - It’s Not Just About Technology: The People Side of Digitization. In: G. 

Oswald, & M. Kleinemeier (eds) Shaping the Digital Enterprise. Trends and Use Cases in 

Digital Innovation and Transformation, P. 69-91. Springer International Publishing 

Kutnjak, A., & Pihir, I. (2019). Challenges, issues, barriers and problems in Digital 

Transformation – systematic literature review. Proceedings of the 30th Central European 

Conference on Information and Intelligent Systems, Varazdin, Croatia, P. 133-140 

Retrieved from: https://search.proquest.com/docview/2366660959?accountid=14615. 

Accessed: Oct. 6, 2020 

Lee, M., Yun, J.J., Pyke, A., Won, D., Kodama, F., Giovanni, Schiuma, Park, H., Jeon, J., 

Park, K., Jung, K., Yan, M.-R., Lee, S., Zhao, X. (2018) - How to respond to the fourth 

industrial revolution, or the second information technology revolution? Dynamic new 

combinations between technology, market, and society through open innovation. Journal 

of Open Innovation, Vol. 4, P 1–24 

Li, L., Su, F., Zhang, W. & Mao, J.Y. (2017) - Digital Transformation by SME entrepreneurs: 

A capability perspective. Info Systems Journal, 2017, Vol. 28 P 1129–1157  

Linderoth, H.C.J., Jacobsson, M. & Elbanna, A. (2018) - Barriers for Digital Transformation: 

The Role of Industry. Australasian Conference on Information Systems, Sydney 2018. 

Retrieved from: 

http://www.acis2018.org/wpcontent/uploads/2018/11/ACIS2018_paper_184.pdf. 

Accessed: Sept. 23, 2020 

Matt, D.T. (2007) - Reducing the Structural Complexity of Growing Organizational Systems 

by Means of Axiomatic Designed Networks of Core Competence Cells.  Journal of  

Manufacturing Systems  Vol. 26, P.  178–187.   

Matt C., Hess T. & Benlian, A. (2015) - Digital Transformation Strategies. Business & 

Information Systems Engineering Vol. 57(5), P. 339‑343 

Matt, D., Modrák, V., Zsifkovits, H. (2020) - Industry 4.0 for SMEs. Palgrave Macmillan, 

Cham. https://doi.org/10.1007/978-3-030-25425-4_1. Accessed: Dec. 23, 2020 

McKinsey & Company (2020) - How COVID-19 has pushed companies over the technology 

tipping point—and transformed business forever. McKinsey Digital and Strategy & 

Corporate Finance Practices. Retrieved from: https://www.mckinsey.com/business-

functions/strategy-and-corporate-finance/our-insights/how-covid-19-has-pushed-

companies-over-the-technology-tipping-point-and-transformed-business-forever. 

Accessed: Oct. 6, 2020 

http://www.acis2018.org/wpcontent/uploads/2018/11/ACIS2018_paper_184.pdf
https://doi.org/10.1007/978-3-030-25425-4_1
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/how-covid-19-has-pushed-companies-over-the-technology-tipping-point-and-transformed-business-forever
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/how-covid-19-has-pushed-companies-over-the-technology-tipping-point-and-transformed-business-forever
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/how-covid-19-has-pushed-companies-over-the-technology-tipping-point-and-transformed-business-forever


62 

 

Mergel, I., Edelmann, N., & Hauga, N. (2019) - Defining Digital Transformation: Results 

from expert interviews. Government Information Quarterly, Vol 36, 4, October 2019, P 

1-16 

Mirković, V., Lukić, J., Lazarević, S. & Vojinović, Z. (2019) - Key Characteristics of 

Organizational Structure that Supports Digital Transformation. Proceedings of the 24th 

International Scientific Symposium Strategic Management and Decision Support Systems 

in Strategic Management, Subotica, Republic of Serbia, P. 255-261, 2019. Retrieved 

from: https://www.researchgate.net/publication/333175664. Accessed: Sept. 30, 2020 

Moeuf, A., Lamouri, S., Pellerin, R., Tamayo-Giraldo, S., Tobon-Valencia, E. & Eburdy, R. 

(2020) - Identification of critical success factors, risks and opportunities of Industry 4.0 in 

SMEs. International Journal of Production Research, 58(5) , P. 1384-1400 

Mogos, M.F., Eleftheriadis, R.J. & Myklebust, O. (2019) -  Enablers and inhibitors of 

Industry 4.0: results from a survey of industrial companies in Norway. Procedia CIRP, 

2019, 81 P. 624-629 

Morakanyane, R., Grace, A. A., & Reilly, P. O. (2017) - Conceptualizing Digital 

Transformation in Business Organizations: A Systematic Review of Literature. In BLED 

2017 Proceedings, P. 427–444 

Morrar, R., Arman, H. & Mousa, S. (2017)- The Fourth Industrial Revolution (Industry 4.0): 

A Social Innovation Perspective. Technology Innovation Management Review, vol. 7, no 

11, P. 12-20 

Müller, J.M. (2019) - Assessing the barriers to Industry 4.0 implementation from a workers’ 

perspective. Proceedings of the 9th IFAC Conference on Manufacturing Modelling, 

Management and Control MIM 2019: Berlin, Germany, 28–30 August 2019, IFAC 

PapersOnLine, Vol. 52(13) P. 2189–2194 

Myers, M. (2019). Qualitative Research in Business & Management. Sage Publications 

Orzes, G., Rauch, E., Bednar, S. & Poklemba, R. (2018) - Industry 4.0 Implementation 

Barriers in Small and Medium Sized Enterprises: A Focus Group Study. Proceedings of 

the 2018 IEEE International Conference on Industrial Engineering and Engineering 

Management, P 1348–1352. Retrieved from: 

https://ieeexplore.ieee.org/document/8607477. Accessed: Sept. 24, 2020 

Osmundson, K. Iden, J., & Bygstad, B (2018) -  Digital Transformation: Drivers, Success 

Factors, and Implications. MCIS 2018 Proceedings 37. Retrieved from: 

https://aisel.aisnet.org/mcis2018/37. Accessed: Jan. 5, 2021 

Peillona, S. & Dubruca, N. (2019) - Barriers to digital servitization in French manufacturing 

SMEs. Procedia CIRP, Vol. 83, P. 146-150   

Peng, S., Ferreira, F., & Zheng, H. (2017). A university—Industry cooperation model for 

small and medium enterprises: The case of Chengdu KEDA Opto electronic Technology 

Ltd. International. Journal of Learning and Change, 9(1), 2017, P 29–45 

Pihir, I., Tomičić-Pupek, K. & Tomičić Furjan, M. (2019) - Digital Transformation 

Playground - Literature Review and Framework of Concepts. Journal of Information and 

Organizational Sciences, Vol. 43. No. 1 (2019), P 33-48 

https://www.researchgate.net/publication/333175664
https://ieeexplore.ieee.org/document/8607477
https://aisel.aisnet.org/mcis2018/37


63 

 

Raj, A, Dwivedi, G., Sharma, A., Lopes de Sousa Jabbour, A.B. & Rajak, S. (2020) - Barriers 

to the adoption of industry 4.0 technologies in the manufacturing sector: An inter-country 

comparative perspective. International Journal of Production Economics, Vol. 224, June 

2020 

Rowe, F., Besson, P. & Hemon, A. (2017) – Socio-Technical Inertia, Dynamic Capabilities 

and Environmental Uncertainty: Senior Management Views and Implications for 

Organizational Transformation. Proceedings of the 25th European Conference on 

Information Systems (ECIS), Guimarães, Portugal, June 5-10, 2017, P 402-420  

Sánchez, M. A. (2017) - A Framework To Assess Organizational Readiness for the Digital 

Transformation. Dimensión Empresarial, 15(2), P 27–40.  

Savić, D. (2019) - From Digitization, Through Digitalization, to Digital Transformation. 

Online Searcher, Jan/Feb2019, Vol. 43 Issue 1, P 36-39 

Schmid, A.M. (2019) – Beyond Resistance: Toward a Multilevel Perspective on Socio-

Technical Inertia in Digital Transformation. Proceedings of the 27th European 

Conference on Information Systems (ECIS2019), Stockholm-Uppsala, Sweden. Retrieved 

from: https://aisel.aisnet.org/ecis2019_rp/105. Accessed: Sept. 28, 2020 

Solis, B. (2017) -The Digital Change Agent’s Manifesto, Altimeter, P. 1–29. Retrieved from: 

https://insights.prophet.com/digital-change-agents-manifesto. Accessed: Oct. 8, 2020 

Soto Setzke, D. (2020) – Reducing Socio-Technical Inertia During Digital Transformation – 

The Role of Dynamic Capablilities. Proceedings of the 28th European Conference on 

Information Systems (ECIS2020), Marrakesh, Morocco. Retrieved from: 

https://aisel.aisnet.org/ecis2020_rip/14/. Accessed: Sept. 28, 2020 

Statistics Netherlands (CBS), Rijksdienst voor Ondernemend Nederland (RVO) & Dutch 

Ministry of Economic Affairs (2018) – Hét MKB bestaat niet. Retrieved from: 

https://www.cbs.nl/-/media/_pdf/2018/26/20180622-mkb-typologie-final.pdf. Accessed: 

Oct. 1, 2020. 

Stentoft, J., Jensen, K.W., Philipsen, K. & Haug, A. (2019) - Drivers and Barriers for Industry 

4.0 Readiness and Practice: A SME Perspective with Empirical Evidence. Proceedings of 

the 52nd Hawaii International Conference on System Sciences, 2019. Retrieved from: 

http://hdl.handle.net/10125/59952. Accessed: Sept. 28, 2020 

Stentoft, J., Adsbøll Wickstrøm, K., Philipsen, K. & Haug, A. (2020) - Drivers and barriers 

for Industry 4.0 readiness and practice: empirical evidence from small and medium-sized 

manufacturers. Production Planning & Control, DOI:10.1080/09537287.2020.1768318 

Stone S.M. (2019) - Digitally Deaf: Why Organizations Struggle with Digital Transformation. 

Springer, Cham. Retrieved from: https://doi.org/10.1007/978-3-030-01833-7_2. 

Accessed: Sept. 30, 2020 

Szalavetz, A., (2019) - Industry 4.0 and capability development in manufacturing sub-

sidiaries. Technological Forecasting and Social Change, Vol. 145, 2019, P. 384-395  

Teece, D. J., Pisano, G. & Shuen, A. (1997). “Dynamic Capabilities and Strategic 

Management.” Strategic Management Journal, 18 (7), P. 509–533 

 

javascript:__doLinkPostBack('','mdb~~buh%7C%7Cjdb~~buhjnh%7C%7Css~~JN%20%22Online%20Searcher%22%7C%7Csl~~jh','');
https://aisel.aisnet.org/ecis2019_rp/105
https://insights.prophet.com/digital-change-agents-manifesto
https://aisel.aisnet.org/ecis2020_rip/14/
https://www.cbs.nl/-/media/_pdf/2018/26/20180622-mkb-typologie-final.pdf
http://hdl.handle.net/10125/59952
https://doi.org/10.1007/978-3-030-01833-7_2
https://www.sciencedirect.com/science/journal/00401625/145/supp/C


64 

 

Töytäri, P., Turunen, T., Klein, M., Eloranta, V., Biehl, S., Rajala, R. & Hakanen, E. (2017) - 

Overcoming institutional and capability barriers to smart services. Proceedings of the 

50th Hawaii International Conference on System Sciences P. 1642–1651. Retrieved from: 

http://hdl.handle.net/10125/41351 Accessed: Sept. 28., 2020 

Trochim, W.M., Donnelly, J.P. & Arora, K. (2016) - Research Methods. The Essential 

Knowledge Base. Boston: Cengage Learning 

Türkes, M.C., Oncioiu, I., Aslam, H.D., Marin-Pantelescu, A., Topor, D.I. & Capus, S. (2019) 

- Drivers and Barriers in Using Industry 4.0: A Perspective of SMEs in Romania. 

Processes, (2019), 7, 153 

Verina, N. & Titko, J. (2019) – Digital Transformation: Conceptual Framework. International 

Scientific Conference Contemporary Issues In Business, Management And Economics 

Engineering, 2019, 9–10 May 2019, Vilnius, Lithuania. Retrieved from: 

http://cibmee.vgtu.lt/index.php/verslas/2019/paper/view/191. Accessed: Sept. 23, 2020 

Vial, G. (2019) - Understanding Digital Transformation: A review and a research agenda. The 

Journal of Strategic Information Systems, Vol. 28, Issue 2, June 2019, P 118-144 

Vogelsang, K., Liere-Netheler, K., Packmohr, S. & Hoppe, U. (2019a) - Barriers to Digital 

Transformation in Manufacturing: Development of a Research Agenda. Proceedings of 

the 52nd Hawaii International Conference on System Sciences, 2019. Retrieved from: 

http://hdl.handle.net/10125/59931. Accessed: Sept. 23, 2020 

Vogelsang, K., Liere-Netheler, K., Packmohr, S. & Hoppe, U. (2019b) - Success factors for 

fostering a Digital Transformation in manufacturing companies. Journal of Enterprise 

Transformation (2019). Retrieved from: https://doi.org/10.1080/19488289.2019.1578839. 

Accessed: Sept. 24, 2020 

Wagire, A.A., Joshi, R., Pal Singh Rathore, A. & Jain, R. (2020) - Development of maturity 

model for assessing the implementation of Industry 4.0: learning from theory and 

practice. Production Planning & Control 2020. Retrieved from:  

https://www.tandfonline.com/loi/tppc20. Accessed: Sept. 24, 2020 

Warner, K.S. and Wäger, M. (2019) - Building dynamic capabilities for Digital 

Transformation An ongoing process of strategic renewal. Long Range Planning, 52(3) 

326-349 

Weill, P., & Woerner, S. L. (2018). Is your company ready for a digital future. MIT Sloan 

Management Review, 59(2), 21-25 

Westerman, G., Bonnet, D. & A. McAfee (2014) - Leading Digital – turning technology into 

business transformation. USA: Harvard Business Review Press, 2014 

Yin, R.K. (2014) - Case Study Research Design and Methods (5th ed.).Thousand Oaks, CA: 

Sage Publications 

Zheng, T. , Ardolino, M. , Bacchetti, A. & Perona, M. (2020) - he applications of Industry 4.0 

technologies in manufacturing context: a systematic literature review. International 

Journal of Production Research, https://doi.org/10.1080/00207543.2020.1824085, 

Accessed: Oct. 27, 2020 

http://hdl.handle.net/10125/41351
http://hdl.handle.net/10125/41351
http://cibmee.vgtu.lt/index.php/verslas/2019/paper/view/191
http://hdl.handle.net/10125/59931
https://doi.org/10.1080/19488289.2019.1578839
https://www.tandfonline.com/loi/tppc20
https://canvas.uva.nl/courses/13903/files/1698965/download?wrap=1
https://canvas.uva.nl/courses/13903/files/1698965/download?wrap=1
https://canvas.uva.nl/courses/13903/files/1698965/download?wrap=1
https://doi.org/10.1080/00207543.2020.1824085


65 

 

 

Appendices 

 

Appendix A: Industry 4.0 Enabling Technologies 

 

Industry 4.0 Enabling Technologies 

 

Source: Zheng et al., 2020, p. 4 
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Appendix B : Digital Transformation Framework 

 

Framework for Digital Transformation 

 

Source: Vial, 2019, p. 122 
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Appendix C : Dynamic Capabilities process model 

 

Dynamic Capabilities process model 

 

Source: Warner & Wäger, 2019, p. 336 
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Appendix D: Interview Protocol 

 

Introduction 

 

Thank you for participating in this research project. I am conducting this research 

for my Master Thesis in Business Administration at the Amsterdam Business 

School. The duration of this interview will be between 30 minutes and an hour.  

 

Your answers are confidential, and we will use the information from this interview 

strictly anonymous. We will not use any information leading to you or your 

company when we write our report. 

 

Introduction questions 

1. Tell me a little bit about yourself, what is your background and your current role, how 

long have you been working for the company and what is your position? 

2. How old is your company? 

3. How many employees does your company have? 

4. Among members of Koninklijke Metaalunie, distinction is made between ‘jobbers’ and 

‘system integrators’. What is the position of your company? 

5. Can you tell me if you know, and if so, define the following terms: 

a. Industry 4.0 

b. Digitalization 

c. Digital Transformation  

6. Do you consider Industry 4.0 an opportunity or a threat? 

7. Can you tell in what way Industry 4.0 concepts and techniques are currently effecting or 

you expect they will affect your company?  

8. How is that (in general) for the industry you are active in? 

From here on I will use the word Industry 4.0 (Industry 4.0) as a container concept for Digital 

Transformation and Industry 4.0. There are 7 factors that may pose to be a barrier to initiating 

a Digital Transformation: Economic/financial, organizational/cultural, individual employees, 

competences/resources, legal, technical and environmental/customer related. 

Economic/financial 

1. Do you have view on the benefits of the application of new Industry 4.0?  

Do you see any productivity or economic gains? 

2. Do you have sufficient financial resources implement Industry 4.0? 

3. Do you expect any Industry 4.0 investments to show ROI in the foreseeable future? 

4. If so, do you expect an improvement of your financial results? 

Organizational/cultural  

1. Is there already a vision or strategy regarding Industry 4.0? 

2. Do you have the impression that management has the right / sufficient skills, competences 

or experience to create and execute a vision and strategy with regards to Industry 4.0? 

3. How fast is your organization able to respond to new technologies / technological 

developments? 

4. How would you describe/characterize your company culture? 

5. Do you consider your organization to be able to embrace Industry 4.0 techniques and 

applications? 
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6. Do you think Industry 4.0 techniques and applications apply specifically to your 

organization, or to the entire value chain?  

7. Have any of your customers or suppliers asked you to implement any Industry 4.0 

technologies or applications in order to facilitate or even continue business with them? 

Individual employees:  

1. Do you expect that your employees will see the benefits of using Industry 4.0 techniques 

and applications?  

2. Do you expect that employees would embrace the use of Industry 4.0 techniques, 

applications and way of working? Do you expect employees to cooperate with the 

implementation Industry 4.0 techniques and applications? 

3. If not, what kind of resistance would you expect among your staff?  

e.g.: Change of status quo; fear of loss of authority (especially older employees); fear that 

machines take decisions, thereby reducing the value of humans; fear of losing  jobs 

because machines take over; surveillance data will be used against them (e.g. if 

productivity is too low or if they have illnesses decreasing their output); data is not 

sufficiently protected and might be passed on without consent with unclear consequences 

for them. 

Competencies/resources  

1. How would you rate the level of (digital) skills and technical knowledge of your staff with 

regards to Industry 4.0 techniques and applications?  

e.g.: knowledge of mechatronics (electrical engineering, mechanical engineering, 

measurement and control engineering) and IT 

2. Do you expect your sales force to be adequately skilled, both technically and in practical 

terms, to make Industry 4.0 offerings? 

3. In what way do you provide training to your employees? 

4. Do you expect the Smart Industry organization or Koninklijke Metaalunie to provide 

training and education or other support? 

5. Do you expect the Dutch government to facilitate in any way with regards to Industry 4.0? 

Legal 

1. Do you have any concerns about data protection / cybersecurity, etc? 

2. Do you see any other legal issues or problems? 

e.g.: Who owns the data, especially in cross border data transfer; employee supervision; 

product liability and intellectual property  

 

Technical  

1. Do you consider your current internal IT infrastructure to be ready for Industry 4.0? 

2. Do you consider the current external IT infrastructure to be ready for Industry 4.0? 

3. Do you have any uncertainty about the reliability / maturity of the Industry 4.0 techniques 

and applications?  

4. Do you see any (potential) problems because of lack of standards, regulations or forms of 

certification regarding Industry 4.0 techniques and applications? 

5. When it comes to integration of and coordination and interconnectedness within the value 

chain, do you expect any resistance or reluctance from your partners in the value chain? 

Environmental / customer-related  

1. Have you already discussed or proposed possible new Industry 4.0 products or services to 

your customers? 
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2. If so, who initiated this, you or your customer? 

3. Is your company / sales force sufficiently close to your customers to gain customer 

insights and propose (new) more complex product or service offerings? 

4. Are your customers willing to share or provide access to information needed to make 

these offerings?  

5. Do you expect your customers to accept more interconnectedness between your and their 

systems? 

6. If so, have they expressed any concerns over information / data exchange or do you expect 

them to? 

e.g.: Privacy violations, security concerns (hacking, software, (unknown) service providers) 

and security of access to production and company systems. 

Open questions: 

1. Do you think that the age of the entrepreneur will have an influence on the willingness or 

ability to embrace Industry 4.0? 

2. Do you think that gender may have an influence on the willingness or ability to embrace 

Industry 4.0? 

3. Do you see any (potential) barriers to Industry 4.0 which are not addressed during this 

interview? 

Lastly: can I contact you if any new questions arise after this interview? 

 


