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Abstract
Purpose – The purpose of this paper is to discover how Hungarian manufacturing companies
interpret technology and human resources as driving forces and barriers in terms of Industry 4.0
implementation.

Design/methodology/approach – The authors conducted 23 semi-structured interviews with corporate
leaders and applied qualitative content analysis using Atlas.ti software.

Findings – The authors formulated a new definition of Industry 4.0 which emphasises the role of human
factors. The authors identified driving forces (efficiency with speed/information flow/precision) and barriers
(technology compatibility, human fears and lack of digital skills) in terms of Industry 4.0 implementation and
developed the DIGI-TEcH performance management dimensions.

Research limitations/implications – Comparison with other countries is limited. Given the
exploratory and qualitative nature, further quantitative research would be needed to generalise results.
Finally, only manufacturing companies are examined.

Practical implications – It provides empirical evidence to practitioners to understand concerns about
technology and human resource in terms of Industry 4.0 implementation. In addition, corporate performance
management can be extended by the developed DIGI-TEcH dimensions.

Originality/value – This paper reveals key evidence for the uptake of technology and human factors in
terms of Industry 4.0 implementation and their impacts on corporate operation and performance. It also
provides an insight into a specific country context, which can be a useful benchmark for other Central and
Eastern European countries.
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1. Introduction
One of the biggest challenges that organisations face today is finding the proper way to
shape competitive advantages including the impact of digital transformation on corporate
operation and performance in the age of Industry 4.0. It is a condition of their long-term
survival in the market. Industry 4.0, a German strategic initiative, is aimed at generating
a transformation from machine-dominant manufacturing to digital and intelligent
manufacturing (Zhong et al., 2017). To achieve a successful digital transformation, Industry
4.0 promises to increase flexibility and interconnectivity in manufacturing (Castelo-Branco
et al., 2019), along with growing mass customisation and improved productivity (Trstenjak
and Cosic, 2017; Zhong et al., 2017). It enables companies to be highly efficient and to cope
with the challenge of producing individualised products with a short lead-time to market
and higher quality (Wittenberg, 2016; Zhong et al., 2017). The potential of Industry 4.0 lies in
better flexibility and scalability of manufacturing systems through information technologies
and industrial automation (Brettel et al., 2014; Dassisti et al., 2019).

Nowadays digital manufacturing plays an essential role in the world, especially in
European countries (Qin et al., 2016). Blanchet et al. (2014) and Blanchet and Rinn (2016)
state that industrial production has a prominent role in the EU economy, and industry is the
main driver of research, innovation, job creation and export. Manufacturing industry
accounts for 80% of the EU’s innovation output and 75% of its exports, while its role in the
economy of Central and East Europe is much higher than the EU average (Nagy et al., 2020).
Hungary is one of the most industrialised countries in Europe with industry’s share of gross
domestic product (GDP) at 24.1% in 2019 (KSH, 2019), with economic performance highly
dependent on car manufacturing and its related industries (Pongr�acz and Nick, 2017). At the
government level, and in line with the European Union’s reindustrialisation strategy, the
Ministry for National Economy (2016) intends to foster digitisation and industrial
automation by developing its own reindustrialisation strategy, which the government
identified as the Strategic Programme for Innovative Industrial Development. However,
Nagy et al. (2018) note that while Hungary is among the most industrialised countries in
Europe in terms of manufacturing output versus GDP, the country is below the European
average in terms of Industry 4.0 indicators such as digital production processes, degree of
automation and workforce readiness. Horv�ath and Szab�o (2019) state that digital technology
and human resources are identified as both the main driving forces and barriers to
implementing Industry 4.0.

Hence, the paper aims to answer the following research question:

RQ. What are the driving forces and barriers of Industry 4.0 in terms of technology and
human resource factors?

The objective of this paper is therefore to discover howmanufacturing companies operating
in Hungary interpret these two important factors, technology and human resource, in terms
of Industry 4.0. This paper makes two potential major contributions to the body of
knowledge. First, it reveals some key evidence for the uptake of technology and human
factors as driving forces and barriers in terms of Industry 4.0 implementation and their
impacts on corporate operation. The findings of this study expand our understanding of
how corporate efficiency can be increased taking into account human and technology
aspects as well. They also lead to new insights into howworkforces’ resistance and fears can
be decreased. Second, it provides an insight into a specific country context, which can be a
useful benchmark for other Central and Eastern European countries.

The rest of this paper is organised as follows. Section 2 provides the theoretical
background of the study. In Section 3, the method of empirical data collection is outlined and
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content analysis is introduced. This is followed by the empirical findings and discussion in
Section 4. Section 5 provides conclusions and presents some limitations to our research.

2. Literature review
The literature review briefly outlines the concept of Industry 4.0 and discusses the
challenges of implementing Industry 4.0.

2.1 Concept of Industry 4.0
In recent centuries, innovation in the form of industrial revolutions made everyday life
easier, and the efficiency of production systems has increased, thanks to new technological
solutions (Xu et al., 2018). The first three industrial revolutions realised high productivity
increases, driven by fast-spreading general-purpose technologies: mechanisation, electricity
and information technology (IT) (Kagermann et al., 2013; Veza et al., 2015). The first
industrial revolution, at the end of the 18th century, was about the replacement of human
and animal muscle power with the invention of the steam engine (Berg and Hudson, 1992).
This was followed by the second revolution at the turn of the 20th century, when electricity
and mass production – associated with the name “Ford” – became widespread (Mokyr,
1998). In the third case, in the second half of the 20th century, due to the development of
electronics and IT, production automation began (Greenwood and Jovanovic, 1999;
Ghobakhloo, 2018; Kagermann et al., 2013). Today, the fourth industrial revolution can be
considered as the new digital revolution, which fundamentally changes industry and
business, as well as the economy and civil society (Demeter et al., 2019; Horv�ath and Szab�o,
2019; Nagy, 2019).

Industry 4.0 differs from previous revolutions in that it relates to all fields of life
(�S lusarczyk, 2018). In the definition of Lasi et al. (2014, p. 240):

“Industry 4.0 describes the increasing digitization and automation of the manufacturing
environment, as well as the creation of digital value chains to enable communication between
products, their environment and business partners.”

Industry 4.0 describes the increasing digitisation of the whole supply chain, which makes it
possible to connect objects and systems based on real-time data exchange (Dorst, 2015);
thus, products, machines and processes with artificial intelligence will be able to adapt to
changing environmental factors (Hecklau et al., 2016; Magistretti et al., 2019).

Industry 4.0 affects the business world in three main areas (Veeraraghavan and Punjabi,
2018): digitisation and integration of vertical and horizontal value chains: cloud computing,
mobile devices and Internet of Things (IoT) platforms; digitisation of product and service
offerings: augmented reality, multi-level customer interactions and customer profiling, big
data analytics and advanced algorithms and smart sensors; and digital business models and
customer access: three-dimensional printing, authentication and fraud detection, advanced
human–machine interfaces and location detection technologies (Figure 1).

Digital transformation connotes challenges that seem to differ from the previous
technological shifts. Numerous organisations are in a critical situation caused by the variety
of traditional businesses, due to the way digital transformation is making obsolete how
organisations manage their business processes and create value (D‘Ippolito et al., 2019;
Appio et al., 2021). They need to adopt digital transformation strategies, leveraging digital
technologies to transform value creation (Correani et al., 2020). To reinvent business models
is becoming mandatory in the attempt to survive in the changing digital world (D‘Ippolito
et al., 2019). The adaptation of certain technologies is necessary to accomplish this digital
transformation (Ardito et al., 2019a).
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The study of Ceipek et al. (2020) points to the importance of considering both motivation and
ability when examining organisations’ behaviour, particularly in the case of digital
technologies characterised by specific motivation and ability barriers.

2.1.1 Industry 4.0 in Europe and Hungary. Industry is one of the most important pillars
of the European economy. The manufacturing sector in the European Union accounts for 2
million enterprises, 33 million jobs and 60% of productivity growth (European Commission,
2017). As Industry 4.0 aims to reshape all manufacturing processes and operations, a
number of European initiatives appeared (like “Factories of the Future”) where significant
investments have been made and more than 2,000 organisations have been involved
through 240 projects (Pazin, 2017). The European Commission (2017) launched the
European platform of 13 national initiatives, including Hungary (Ipar 4.0) on the digitising
industry.

In Europe, Industry 4.0 is defined by “group of rapid transformations in the design,
manufacture, operation and service ofmanufacturing systems and products” (Davies, 2015, p. 2).

We are living in a knowledge society, in which autonomous machines are inevitable
(Horv�ath and Szab�o, 2019; Kaivo-oja et al., 2017). In Europe, each country faces social
challenges including reduced workforce numbers because of a declining population and
ageing society (Kaasinen et al., 2020; Jankowska and Götz, 2017; Wang et al., 2016). This can
be one of the reasons for applying new technologies (Wang et al., 2016), and moreover, Nagy
(2019) noted that previous production systems were outdated and do not fulfil today’s
expectations.

Automotive and electronics companies operating in Hungary have already started some
Industry 4.0 developments, primarily because of the pressure from the international parent
company or the Hungarian leadership’s motivation to become innovative and agile. The
most important success factors in manufacturing are IT developments and flexibility, which
have an impact on financial results (Nagy et al., 2018).

Figure 1.
Industry 4.0
framework and
contributing digital
technologies
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2.2 Overview the challenges of implementing Industry 4.0
In addition to understanding the concept of Industry 4.0, it is important to discover the
peculiarities that maymotivate companies to adopt this new approach.

The drive to digitise business processes is fostered by achieving higher corporate
performance and competitive advantages. Performance management provides information
that quantifies the efficiency and effectiveness of corporate actions (Neely, 2005) to support
strategy and decision-making (Constantiou and Kallinikos, 2015). It facilitates performance
goals, controls activities (George et al., 2016) and workforces through different indicators.
Digitalisation turned the traditional processes into digital ones where information is
digitally represented. In such a changing and competitive environment, management must
reconsider the strategy and modify the performance management (Sahlin and Angelis,
2019). With technological developments, new opportunities within performance
management emerge; hence, there have been calls for more research in this area. Measuring
and managing performance have been studied by some researchers (Neely, 2005;
Jääskeläinen and Sillanpää, 2013); however, there has been limited research specifically
focussing on the driving forces and barriers. Moreover, there are papers (Melnyk et al., 2014;
Peters et al., 2016) investigating performance management based on digital technologies, but
there are no literature reviews describing fundamental indicators of performance
management in a highly digitalised environment (Sahlin andAngelis, 2019).

2.2.1 Technology. Industry 4.0, as a new paradigm of smart and autonomous
manufacturing (Bai et al., 2020), refers to the intelligent networking of machines and
processes for industry with the help of information, communication and intelligence
technologies (Wang et al., 2017; Jeschke et al., 2017). In other words, the technological aspects
of Industry 4.0 can be addressed by the application of the generic concepts of cyber-physical
systems and industrial IoT to the industrial production systems (Rojko, 2017; Ardito et al.,
2018; Ceipek et al., 2020). Interconnectedness and the compatibility of system elements are
fundamental components of this approach (Aichholzer et al., 2015). Bai et al. (2020) grouped
Industry 4.0 technologies into digital and physical technologies. Digital technologies mainly
refer to modern information and communication technologies, such as cloud computing,
blockchain (Madolla et al., 2019), big data analytics (Secundo et al., 2017; Del Vecchio et al.,
2018; Ardito et al., 2019b) or simulation (Liao et al., 2017). Physical technologies mainly refer
to manufacturing technologies such as additive manufacturing, sensors, drones or radio
frequency identification (Morrar et al., 2017; Gibson et al., 2014). Some recent studies
summarised these various Industry 4.0 technologies (Bai et al., 2020; Dalenogare et al., 2018;
Oztemel and Gursev, 2020). In addition, a growing research interest relates to assessing the
current level of maturity of Industry 4.0 technology. Schumacher et al. (2016) and Gracel and
Lebkowski (2018) summarised these Industry 4.0 maturity models, highlighting the most
comprehensive ones as: IMPULS – Industry 4.0 Readiness (Lichtblau et al., 2015), Industry
4.0/Digital Operations Self-Assessment (Geissbauer et al., 2016) and Industry 4.0 Maturity
Model (Schumacher et al., 2016). The models include different maturity dimensions and
maturity items for the assessment of Industry 4.0 maturity in manufacturing companies.

Researching the driving forces and barriers of these technologies is a hot topic in
academic papers. Among the litany of driving forces, Industry 4.0 technologies can provide
manufacturing companies with higher efficiency and quality and improved workplace
conditions (Hofmann and Rüsch, 2017; Liao et al., 2017); moreover, performance
management is developing by adopting digital technologies (Robert et al., 2020). Rojko
(2017) stated that smart technologies can significantly reduce production, logistical and
quality management costs. Industry 4.0 technologies help to manage production planning
and scheduling, capacity utilisation, maintenance and energy management (Szalavetz, 2019),
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faster decision-making and more efficient knowledge management (Cimini et al., 2017; Uden
and He, 2017) and radical micro-level performance improvements (Robert et al., 2020;
Losonci et al., 2019). At the same time, a number of barriers were also identified. Kiel et al.
(2017b) have suggested that low degrees of standardisation, poor understanding of
integration and concerns about cybersecurity and data ownership are also a significant
obstacle to Industry 4.0 implementation. Nagy (2019) determined that standardisation
problems may occur in the tools and systems inside manufacturing companies. Kov�acs
(2017a, 2017b) highlighted that the new technologies cause fear about the safe handling of
information and data.

This paper contributes to this debate surrounding the driving forces and barriers of
Industry 4.0 technologies by revealing empirical evidence of Hungarian manufacturing
companies. Thus, from a technological point of view, we formulate the following
propositions:

P1a. The driving forces of the implementation of Industry 4.0 focus mainly on
measurable characteristics.

P1b. The barriers of the implementation of Industry 4.0 are the lack of standardisation
and adoption problems.

2.2.2 Human resource. Manufacturing has evolved from manual processes to advanced
automation able to ensure a maximum degree of efficiency. This will result in erasing a huge
amount of low-skilled jobs. New technologies of Industry 4.0 will improve the autonomy of
workforces, but the demand for high-skilled workers (with advanced digital competences)
will rise, as the new approach requires collaboration between humans and machines
(Tabarés et al., 2018). This is a great challenge for the European industry. In 2019, the
percentage of people who have at least basic digital skills reached 58%; however, a large
part of the EU population still lacks basic digital skills, even though most jobs require such
skills (European Commission, 2020). Industry 4.0 is at a stage where people are sceptical
about new technologies. Employees are afraid that digital solutions (mainly physical robots)
will lose their jobs (Kinzel, 2017). It can happen, but it is important to introduce, on the one
hand, possibilities for learning and, on the other hand, that new technologies make work
easier (Nagy, 2019). According to several studies, one of the biggest challenges in
implementing Industry 4.0 technologies is that organisations do not have skilled workers
and a requirement to retrain staff to fit changed circumstances (Shamim et al., 2016; Müller
et al., 2018; Kiel et al., 2017a; Horv�ath and Szab�o, 2019).

Nagy et al. (2018) determined in their survey that when organisations had tried to
introduce new technologies to their employees, there were cases where the workers accepted
or refused. Companies all adopted new technologies to support their workforces (Nelles et al.,
2016; Wang et al., 2016), and those unwilling to work with new tools will have to find new
jobs. The organisational resistance mostly comes from employees who are afraid of losing
their jobs. Moreover, the lack of understanding of the new technology, and the employees’
fear of the unknown are evident (Horv�ath and Szab�o, 2019). A survey conducted by the
Massachusetts Institute of Technology found that teams made of humans and robots
collaborating efficiently can be more productive than teamsmade of either humans or robots
alone. Robots and machines are seen not as a threat to employees but rather as their
assistants or teammates, who share a workspace together and complement each other
(Koleva, 2019). An automated system can support the workforce and can provide active
physical assistance that compensates, for example, decreasing human capability as the age
of employees increases (Saggiomo et al., 2016; Wang et al., 2016; Jankowska and Götz, 2017).
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Machines can be a real assistant for humans and can assume an equal role as a collaborator,
sharing tasks according to their respective strengths (Wang et al., 2015). Therefore, our
propositions from a human perspective are as follows:

P2a. The biggest challenges of implementation of Industry 4.0 stem from the fear of
employees and the lack of digital skills.

P2b. The implementation of Industry 4.0 is not designed to replace human workforces
but to support them.

3. Research methodology
As the objectives of this study are more related to understanding than measuring
companies, the case study was considered the most appropriate methodology. The benefit of
a case study approach lies in its aim to undertake an in-depth investigation of a
contemporary phenomenon in its real-life context (Yin, 2014). We conducted an exploratory
case study to understand the antecedents and limitations in Industry 4.0 implementations in
Hungarian manufacturing companies. The research methodology consists of data collection
and analyses.

3.1 Data collection
Data were gathered qualitatively, carrying out semi-structured interviews mainly with the
chief executive officers or with functional managers of companies in Hungary. They were
chosen because they possess insight and breadth of perspective related to questions central
to this study. A total of 23 interviews were carried out in manufacturing companies between
January and February 2020 (Table 1). These companies comprise a broad overview of
technology trends in Hungary with respect to factory automation, robotics, three-
dimensional printing and other Industry 4.0 solutions. An email was sent out to the chosen
companies, introducing the research and requesting an interview. Once the interview
request was accepted, a date and time were agreed. All interviews lasted between 50 and
70min and were all recorded and transcribed verbatim to facilitate detailed and systematic
analysis. Issues of confidentiality and anonymity were confirmed. A confirmation letter
explaining what the study involved, reaffirming the interviewee’s voluntary participation
and describing the use of the data were signed by all participants. All personal information
was removed, and the companies were renamed with letters and numbers (C1–C23). A pre-
composed interview framework (Appendix 1) consisted of open questions which were
communicated to respondents in advance. This gave the interviewees ample time to prepare
for specific topics they considered relevant. The framework questions were grouped into
three main fields, i.e. the implementation of Industry 4.0 and its interpretation, the leaders’
perspectives on driving forces and barriers for Industry 4.0 implementation and the needs
for training. Besides interviews with company leaders, secondary data, such as annual
revenue and the number of employees, were gathered from the official open Hungarian
Government database (https://e-beszamolo.im.gov.hu) in 2020.

3.2 Content analysis
For this study, we only used Questions 1, 5 and 6 for the analysis. As part of the analysis
phase, we organised the texts and recordings, using the computer-based software ATLAS.ti
(version 7). The software was used to code and categorise the transcribed texts for
outstanding themes. The themes were analysed for relevance to our research question.
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The audio recording from this session was then transcribed for analysis purposes. For that
final step, we used the assistance of ATLAS.ti (version 7). This tool is designed to help
researchers to organise text, graphic, audio and visual data files, as well as subsequent
coding. Once the data were organised, we then went back reading through each transcript,
adding marginal notes and memos. In this coding phase, the data were broken down into
manageable segments and given names or other identifiable labels. In essence, coding

Table 1.
Summary of
interviews

Pseudonym Respondent’s job title Main activity

No. of
employees

2019

Net
revenue

(EUR) 2019
Date of
interview

C1 Production Manager Manufacture of construction
machinery

153 11,913,306 02.02.2020

C2 CEO Metalworking 13 86,642 02.02.2020
C3 Business Unit

Manager
Metalworking 134 6,152,887 14.02.2020

C4 HRManager Manufacture of vehicle engine
parts

524 12,641,707 09.01.2020

C5 Logistics Manager Manufacture of vehicle engine
parts

697 59,116,684 06.02.2020

C6 CEO Metalworking 4 132,776 13.01.2020
C7 CEO Special machine building 127 11,934,046 09.01.2020
C8 CEO Manufacture of ceramic

household
710 15,717,218 15.01.2020

C9 CEO Manufacture of other furniture 35 258,947 17.01.2020
C10 CEO Manufacture of workwear 54 2,523,188 06.02.2020
C11 Operations Director Manufacture of other general-

purpose machinery
827 165,320,080 06.01.2020

C12 Business
Development
Manager

Printing industry 51 2,154,012 07.02.2020

C13 Product Safety
Manager

Manufacture of measuring
instruments

468 19,187,192 08.01.2020

C14 Purchasing Manager Manufacture of electricity
control

242 24,714,394 23.01.2020

C15 Production Manager Metalworking 45 1,906,378 02.02.2020
C16 Technological

Manager
Manufacture of electronic
components

2,300 223,906,496 25.01.2020

C17 CEO Manufacture of other special-
purpose machinery

55 5,537,102 14.02.2020

C18 Technical Director Manufacture of other special-
purpose machinery

183 16,598,375 07.02.2020

C19 IT Manager Manufacture of electric
lighting equipment

3,634 221,933,408 18.02.2020

C20 HRManager Manufacture of electronic
equipment for vehicles

2,120 517,246,528 13.01.2020

C21 CEO Manufacture of other furniture 12 194,215 25.01.2020
C22 CEO Manufacture of special

machinery
174 19,198,792 07.02.2020

C23 CEO Manufacture of other special-
purpose machinery

36 4,291,704 18.02.2020

Notes: CEO = Chief executive officer; HR = human resource
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“requires constantly comparing and contrasting various successive segments of the data
and subsequently categorizing them” (Schwandt, 2007, p. 32). This process could be
repeated as many times as deemed necessary to get an exact sense of the whole data set.
Overall, we included three main aspects of content analysis: description, analysis and
interpretation of the leaders’ opinion. We outline the data analysis more thoroughly in
Section 4.

4. Findings and discussions
To provide an understanding of how Industry 4.0 technologies act as an important role in
the corporate operation of the investigated companies, it is necessary first to examine the
interpretation of Industry 4.0 from the leader’s perception.

4.1 Interpretation of Industry 4.0
First, we clarify the interpretation of Industry 4.0 and provide our own definition based on
the leader’s perceptions. As a first step in the process, we retrieved all the related citations,
the opinions on what Industry 4.0 meant to the surveyed companies (leader perception:
Industry 4.0 code), then arranged the mentioned words in order of frequency (synonymous
words were merged, e.g. automation, automated) and made a word cloud from it (using
Atlas.ti and WordArt). The result is shown in Figure 2. The key elements are IT, labour,
production, manufacturing, automation and processes.

According to the answers to Q1 (How do you interpret Industry 4.0?), several
interviewees’ interpretations are shown in Table 2.

By analysing the words that appear in the word cloud, and the leader’s interpretations
our definition is: “Industry 4.0, in addition to developing data and process flow
automation, utilises the human factor in complex tasks in order to gain a better corporate
position.”

Figure 2.
Industry 4.0 word

cloud
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4.2 Driving forces
In the first stage of the analysis, we examined the driving forces of Industry 4.0 from a
technological and human perspective (Q5. What are the driving forces that motivate you to
implement Industry 4.0 technologies?). We asked the leaders what motivates them to adopt
new technologies and what factors have a positive effect on the company’s performance.
Based on the responses, it is clear that from a technological perspective, managers primarily
want to increase corporate performance by using higher-level technologies. New trends in
performance measurement have highlighted the fact that performance does not consist
solely in measuring financial or quantitative indicators. Efficiency and productivity cannot
always be measured by financial indicators:

[. . .] increasing the efficiency of production motivates us. (C10)

[. . .] I see an opportunity for development in the areas of planning and procurement, where an IoT
solution can simplify and make our processes more efficient. We will be able to measure our
corporate performance more specifically and accurately. (C11)

[. . .] The implementation of Industry 4.0 technologies will help build a more efficient, transparent
company. (C23)

Efficiency is a key indicator of corporate performance that is multi-faceted and can be
interpreted in many ways. During the interviews, technological efficiency was mostly
identified with speed, information flow and precision. The biggest advantage (most quotes)
is seen in speed. This category includes time and costs savings, which can reduce the
number of non-value-creating processes. Systems become more transparent so companies
can respondmore quickly to market changes:

[. . .] Reducing passive production time is a very important task for us. (C10)

[. . .] I have a positive experience, reducing our administrative work and fixing machine errors
faster. (C13)

[. . .] based on the Lean approach, Industry 4.0 and IT offer opportunities to reduce losses
(unnecessary waiting time, unnecessary operations). (C7)

Table 2.
Leader’s
interpretation of
Industry 4.0

Pseudonym Industry 4.0

C4 “Industry 4.0 is the relationship of production equipment, production planning and production
sub-processes with IT tools, which enables the transmission of demand in production with a very
short lead time, independent, automated equipment and robots in the production process, and the
parameters describing the production process can be monitored in real time”
“. . .we automate production and keep the human factor for more complex activities where we
are better than machines”

C5 “Robotisation, automation, and processes that make it possible to replace human labour with
machines”

C10 “Labour carries out meticulous work, which cannot be replaced by a technology”
C14 “. . . in the process of Industry 4.0, labour will never be 100% substitutable”
C15 “possible replacement of automation, acceleration and simplification of tasks due to labour

shortages”
C19 “Industry 4.0 is a potential opportunity to continue our automation efforts. One possible

solution to labour shortages could be”
C23 “It means an ever-closer intertwining of information technology and automation”
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[. . .] Workers can assemble faster from 3D assembly models than from 2D drawings. (C17)

[. . .] The prototype is sent to the partner in file format (scanning) with computer models.
They can modify it with their own software and make it visible with their own 3D printer.
[. . .] the time to make the final product is shortened, any decor design can be made with a
computer. (C8)

Interviewees highlighted the information flow in second place, which is partly related to the
previous category. The role of information in business has increased in value. On the one
hand, it has become important that data are available at the right time and in the right place
at all times, and on the other hand, that new technology can provide accurate data about
products and systems:

[. . .] Our machines are made with the focus that the data are available over the Internet. (C7)

[. . .] The new technology facilitates the production data query and adjustment of the machine
parameters. (C13)

[. . .] We can get a more accurate picture of the operation of the machines by using sensor data, we
can get information that can be useful for our customers. (C19)

[. . .] We build machines which extract information from the product and it is sent to the central
database. [. . .] data processing signals the conformity of the product. (C3)

Respondents from small businesses mentioned manufacturing precision. Automation and a
digital toolbar provide the ability to eliminate human error, which guarantees a higher level
of quality and optimal use of materials:

[. . .] The use of new technologies is motivating because human errors and inaccuracies can be
filtered out, there is less possibility of error. In addition, a higher degree of precision and quality
can be achieved. (C2)

[. . .] We constantly monitor our processes, if we experience a discrepancy we intervene
automatically. [. . .] precision is very important in metalworking. (C6)

[. . .] the loss (falling raw material) and the number of possible errors will be reduced, material
utilisation will be more optimal, much more accurate. (C10)

From the perspective of interviewees, two trends seem to be outlined in relation to human
resources and Industry 4.0. They can be motivated to replace human resources or support
the workforce with new technologies. The two views are not completely opposed to each
other. External factors and the operating structure of the company will determine which
effect will be more pronounced. In case of the replacement of human resources, the driving
force is primarily the appearance of labour shortages, which was mentioned by large
enterprise executives:

[. . .] We are struggling with labour problems in the area so many Mongolian employees have
appeared at the company (nearly 100 people). [. . .] Language problems are the most common
here, although interpreters are used. The motivation in this case would be to replace the
workforce. (C5)

[. . .] it would be a great help because we have a constant resource problem at our company, I
think it would partially solve this problem. (C14)
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[. . .] Industry 4.0 is a potential opportunity to continue our automation efforts. It could be one
possible solution to labour shortages. (C19)

Another motivation for the replacement of the human factor is the consideration of corporate
performance, because as a result of automation, costs can be reduced and basic production
processes can be accelerated:

[. . .] reduce personnel costs with machines. Substitution of living labour is present, there are
machines that communicate with each other. (C8)

[. . .] robotic service on the heat treatment side (switching from unskilled labour to robots). (C3)

[. . .] Manual cutting is replaced by machine cutting. Cutting would be done with a machine which
would significantly increase accuracy and economy. (C10)

[. . .] Automation has become necessary due to competitiveness. [. . .] The human factor has been
crowded out of the process here. (C15)

Interviewees felt the supporting role of technology was stronger. This perspective emphasises
the purpose of Industry 4.0 technologies to simplify the work of human resources and to create
a more comfortable working environment. As a result of digitalisation, the workforce is being
redeployed towards other types of value-creating processes. Furthermore, the human will not
be replaceable in higher-level corporate processes:

[. . .] These motivate us to improve our processes, to mechanize production, and to reserve the
human factor for more complex activities where we are better than machines. (C4)

[. . .] The work of the auditor is facilitated by the ERP system because the system has all the data.
[. . .] they don’t have to do unnecessary things, they want a prepared, modern, creative world. (C7)

[. . .] It is also positive that the workers do not have to know the production plans either, because
everything can be managed online from the office. (C13)

[. . .] These systems make our work easier and also provide a much more attractive environment
for our employees. (C18)

4.3 Barriers of Industry 4.0
In this section, we examined the inhibiting factors of technology and human resource with
respect to the implementation of Industry 4.0 (Q6. What are the barriers that make it difficult/
impossible to implement Industry 4.0 technologies?). In both cases, leaders mentioned many
types of barriers. From a technological point of view, the biggest problem is compatibility. The
relationship between technologies in business systems would be important in the selection and
implementation of technology. It was mentioned mainly by large enterprise leaders that
maintain a complement of machines with awide range of technologies:

[. . .] The downside is that we have very “old” machines and we have new technology machines,
but they are not compatible with each other at all. [. . .] It is very difficult to find a way to connect
different machines. (C16)

[. . .] The existing IT-supported systems are not sufficiently integrated, there is a lot of manual
operation and data recording. (C4)
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Based on activity, compatibility difficulties were mentioned by special-purpose machine
manufacturers. The diversity of market needs also requires the use of different technologies.
The systems are different due to custom manufacturing, and it is difficult to find a common
platform. In many cases, the market cannot offer a solution, as there are no suitable tools or
technologies:

[. . .] There are too many different systems, they are not compatible, it is a disaster. (C7)

[. . .] Compatibility is an ongoing issue and net coverage is inadequate (C17)

[. . .] The difficulties caused by the introduction of these applications is that we are unique
machine manufacturers, and each device is different. It is difficult to buy software and
technologies suitable for these tasks, it is not on the market. (C1)

A special case was explored in the area of labour selection. The labour selection robot is not
compatible with the whole process; it can only be used for certain applications because it is
uncomfortable and unusual for the applicant:

[. . .] Vera robot is not suitable for everything, it should be used only for pre-screening, because
during the interview an “unpleasant” situation may develop. (C20)

According to leaders, the second key barrier to the introduction of Industry 4.0 technology is
the adaptation process. Decision-making is not always the responsibility of the local
company, because the permission of the foreign parent company is required for such large-
scale investments. This is accompanied by a significant preparation process that takes a lot
of time during daily work:

[. . .] The decision will be made abroad, after it will be introduced in Hungary. It would be a great help
because our company has a continuous resource problem, I think it would partially solve this problem,
although it is not easy to accept and introduce such an investment [. . .] The related decisions are
made by the parent company, which often slow down the process. (C14)

[. . .] Developments hampered by dependence on XY Holding (authorisation procedure). (C17)

This effect is also reflected in the lives of small- and medium-sized enterprises. The focus in
this case is on the customers and the internal administration process. These business leaders
are likely to feel that they are more dependent on customers in the course of their operations.
The burden of administrative work is felt more strongly due to the smaller number of
employees and the uniqueness of the task:

[. . .] The main guidelines of the project to be implemented must be developed in consultation with
our clients, and then the details will be prepared in accordance with local conditions and
technology. (C1)

[. . .] What is slowing down is the amount of administrative work that is required. When making
minimal machine modifications, the risk analysis needs to be re-done, documented in the manual,
which don’t seem like slow things, though they are. [. . .] Many people need to be consulted in the
meantime, especially with external contractors and their workers. Lots of approvals, signature
collection. (C6)

Respondent C22 sufficiently highlights the influencing effect of the human factor on the
introduction of innovations:

[. . .] Of course, none of the novelties and innovations are easy to implement. The main influencing
factor is human behaviour, human problems that make such developments difficult. (C22)
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On the human side, the biggest challenge is caused by fear. According to managers, a
significant portion of employees are afraid of new technology and change:

[. . .] There is a lot of fear in the workforce about the new, and the same is true for new
technologies. (C20)

[. . .] many people are woody and do not want to be flexible which has a blocking effect. [. . .] the
other type executes instructions with maximum indifference, industry 4.0 will drive them out, or
eventually force learning. (C13)

Automation is often a danger in the eyes of the workforce, as they may think that machines
will take their jobs. This view came mainly from small business leaders, where automation
is not yet systemwide:

[. . .] People are afraid of their work becoming unnecessary. (C15)

[. . .] Changes can also generate fear in the employee (e.g. There will be no need for an employee
due to automation). (C10)

[. . .] They are afraid that they will have no job, they are not open, they fundamentally reject
everything new. (C9)

Remarks about low enthusiasm and resistance have appeared in both large and small
businesses, and in some cases, this has been expressed specifically in relation to older
employees:

[. . .] Of course, nothing goes smoothly, there can be less resistance or doubt about any
change. (C23)

[. . .] Older people are no longer so enthusiastic when they have to learn a new thing, they prefer to
rely on their routine and stick to well-established methods. (C2)

[. . .] There are large generational differences, especially older workers who have more
resistance. (C20)

Leaders have a big role to play in overcoming these fears. It is their duty and responsibility
to provide adequate information and education about changes during the implementation
phase. After a short time, resistance is replaced by acceptance:

[. . .] There was resistance, grumbling, but people didn’t quit, if they got used to the new system,
they would come up with a new demand later. (C7)

Another group of concerns was related to data security. Industry 4.0 systems store and
produce a wealth of data. Access to personal and corporate data appears to be a risk factor
and creates mistrust of systems:

[. . .] Our tools collect a lot of information and data about us that we don’t even know about and
can abuse. (C2)

[. . .] In the initial phase, insecure devices provide opportunities for abuse, so I only support the
deployment of truly tested Internet applications. (C13)

[. . .] You secure yourself with a password and an ID and you think it works. It turns out everyone
knows everything about you. These fears are in the person. (C22)
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One of the major critical points in implementing Industry 4.0 technologies at many surveyed
companies is that there is a lack of skilled labour; the employees do not have the
competencies required in the future;

[. . .] For us there is a need to develop digital skills. (C2)

[. . .] a different quality of workforce is needed now than later after the implementation of Industry
4.0. [. . .] At our company a critical point is the “competence”, [. . .] with the new technology, the
same workforce may not be as professional/efficient. (C10)

[. . .] lack of adequate workforces makes implementation difficult. (C9)

[. . .] The quality of the workforce has deteriorated, there is no adequate professional
knowledge. (C21)

4.4 Performance management dimensions
Our results uncovered the following important driving forces such as efficiency with speed/
information flow/precision and barriers, such as technology compatibility, human fears and
lack of digital skills in terms of Industry 4.0 implementation. Based on that result, we
developed “DIGI-TEcH” performance management dimensions, which can be used to
complete the corporate performance management system. We determined three dimensions
and their elements, and besides, examples for key performance indicators and metrics are
addressed in Table 3.

5. Conclusion
Overall, our study examined how surveyed companies interpret the concept of Industry 4.0,
and the driving forces and barriers to implementing Industry 4.0 technologies.

The results do not show a difference in terms of differing company sizes. In discussion of
the interpretation of Industry 4.0, our finding demonstrates a definition based on the opinion
of Hungarian business leaders, which is similar to Lasi et al. (2014) and Davies (2015) from
the technological point of view; however, the role of the human factor appears as an
important new element; thus, our definition takes a more complex approach to the topic.

Based on the literature (Horv�ath and Szab�o, 2019), the driving forces were tested from
two sides: technology and human resource. Analyses have shown that efficiency is one of

Table 3.
DIGI-TEcH
performance
management
dimensions

Dimensions Elements KPIs Metrics

Technology Technology
compatibility

Continuous monitoring Update availability
Platform compatibility

Efficiency Speed Lead time Passive production time
Unnecessary waiting time

Information flow Availability of real-time
information

Data provided by machines
Automatic data exchange

Precision Yield ratio Fraction defective
Number of failures

Human Human fears Attitude formation Digital attitude development training
Lack of digital skill Level of digital skill EUROpass digital skill grida

Note: aEuropean Commission (2017): DigComp 2.1: The Digital Competence Framework for Citizens
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the most important factors, in line with the researchers’ findings (Hofmann and Rüsch, 2017;
Liao et al., 2017). Our research identified efficiency with speed, information flow and
precision. Automated and faster processes reduce production time and costs, and these
results are similar to those reported by Rojko (2017). According to Cimini et al. (2017),
Industry 4.0 technologies help to manage faster decision-making which indirectly appeared
in our qualitative analysis in the field of information flow. Respondents highlighted the
continued availability of accurate data, which can support the necessary intervention.
Industry 4.0 technology has changed attitudes towards the workforce. In line with Tabarés
et al. (2018), advanced automation makes it possible to replace unskilled physical labour, so
greater efficiency and corporate performance can be achieved. In addition, our research has
shown that labour replacement is also influenced by labour shortages, according to large-
enterprise leaders. In our results, the support of the workforce by advanced technologies has
played a greater role. Similar to the results of Wang et al. (2016) and Nelles et al. (2016)
automated systems can support the workforce because it simplifies workflows. According
to the interviewees, human resources need to perform more complex activities in a digital
environment. This confirms the finding of Tabarés et al. (2018) that digital competencies will
be essential.

The literature review and our results show that Industry 4.0 involves challenges and
barriers for companies. This paper identified three significant barrier factors to the
implementation of Industry 4.0 technologies in manufacturing companies: technology
compatibility, human fears and the lack of digital skills.

In line with Kiel et al. (2017b) and Nagy (2019), a major obstacle is the compatibility and
standardisation problems. The diversity of market needs (mainly based on the customised
manufacturing) requires the implementation of different technologies, and it is a serious
challenge to find a common platform. Our findings show that a key barrier lies in the
adoption process. Opposite to the results of Nagy et al. (2018), it is not a pressure of the
foreign parent company but a permission which is required for implementing these
technologies (as these are large-scale investments). It means a significant preparation
process that takes a lot of time. However, we cannot derive a difference on the level of
company size, but we can highlight that small and medium-sized enterprise leaders felt the
administrative workload caused by the implementation of Industry 4.0 more strongly
because of the smaller staff and the uniqueness of the tasks.

We identified that from the human perspective, the biggest challenge is caused by fear.
According to interviewees, our findings are also consistent with previous studies, such as
lack of understanding and fear of the new technology (Horv�ath and Szab�o, 2019) and
resistance of the workforce (Horv�ath and Szab�o, 2019) – in our research, this was mainly a
characteristic of older people. Similar to that reported by Kinzel (2017) and Horv�ath and
Szab�o (2019), employees are frightened of losing their job with increasing digital solutions
and a major challenge for the surveyed companies ensuring data security (Kov�acs, 2017a,
2017b). Moreover, some of our interviewees mentioned the fear of change and changing
environment as a general barrier. Our results indicated in parallel with those of Shamim
et al. (2016), Müller et al. (2018), Kiel et al. (2017a) and Horv�ath and Szab�o (2019) that one of
the biggest barriers in implementing Industry 4.0 technologies is that companies do not
have a skilled workforce (mainly mentioning advanced digital skills).

From a practical point of view, companies can extend their performance management
system with the developed DIGI-TEcH dimensions. As the paper focusses on the employee-
related aspects of digital technologies, we provide some examples from a human point of
view. Digital attitude development training of employees will be a key factor for the
successful implementation of Industry 4.0 in the future, to instruct in the practical aspects of
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the increased complexity of digitised solutions. Regular communication with employees can
also allay their doubts and fears. In addition, corporate management can use the impact of
Industry 4.0 technology such as speed, information flow and precision for increasing
efficiency and corporate performance. Company leaders should also help the employees to
overcome their fears and anxiety, who may be frightened of the new technology and change
and afraid of losing their jobs with increasing digitalisation and not having the appropriate
skills to handle digitised technologies. It is their responsibility to provide adequate
information and education to their employees replacing their resistance to acceptance.
Besides, implementing compatible Industry 4.0 technologies may engender an acceptance
within the company and decrease employee resistance.

As with most studies, this research offers interesting insights, but it is also affected by
some limitations. As the paper focusses on Industry 4.0 implementation in Hungary, any
comparison with other countries is limited. In line withWang et al. (2016), who stated that
this kind of research should be extended to non-Western countries, which have barely
been examined, a comparison with different Central and Eastern European countries
would be an interesting option for further research. Moreover, given the exploratory and
qualitative nature, further quantitative research is needed to generalise the results.
Finally, only manufacturing companies are examined. Thus, the results should not be
directly applied to, for example, service companies. Therefore, future research would be
useful to investigate the service sector in terms of Industry 4.0 implementation.
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