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Abstract: Previous research has pointed out that Industry 4.0 will lead to more sustainable production;
however, it may have profound effects on European competitiveness. Today, firms in the CEE countries
face a limited scope for continued economic expansion, and hence there is a growing pressure on
them to move upward in the global value chain by investing heavily in advanced technology.
Consequently, the authors argue that B2B firms from the CEE countries can have a massive impact
on Europe’s long-term competitiveness by reversing the effect of digital transformation due to
their strong interdependencies on other European economies. Therefore, in a cross-country survey,
research data were collected (n = 302) about the driving forces, barriers, and role of stakeholders
in the implementation of digital transformations. The authors found that some technologies
are implemented much more frequently compared to others, with some indication for country
specialization. The leading driving force is customer satisfaction followed by productivity and
financial motives. Shortage of skilled human resources and high implementation costs are the
main barriers. The firms tend to rely on universities and research centers, while the government
is perceived only as a financial provider. The results are also informative for practitioners and
policymakers—providing them with benchmarks.

Keywords: Industry 4.0; digital transformation; B2B; driving force; barrier; stakeholders; value chain

1. Introduction

A study by CEDEFOP [1] found that hiring difficulties related to shortages of highly skilled staff

constrained firm productivity and the adoption of innovative technologies as well as new ways of
organizing work. An increasing number of firms have reported experiencing genuine skills shortages,
despite their willingness to pay higher wages. The firms most likely to be affected are the ones
that demand more considerable expertise and new skills from their workforce [2]. Technological
progress and, in particular, artificial intelligence (AI), robotization and automation are compounding
this problem, while also having profound direct effects of their own on European countries. The new
digital technologies lower entry barriers for new competitors, so incumbent firms need to respond
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and reposition themselves quickly to meet disruptive challenges. Firms are forced to rethink their
processes and invest in digital technologies.

Measuring trade in value-added terms sheds new light on today’s trade reality, where competition
is not between nations, but between firms. Competitiveness in a world of global value chains (GVCs)
means that firms as members of a value chain must increase either their technological content or improve
their existing inefficiencies. However, if only certain actors in the GVCs adopt superior technologies,
then high inequalities are projected [3]. A value chain is only as strong as its weakest link, and the
competitiveness of an industry may be lowered if it relies on inputs from less competitive suppliers.

The challenges of particular importance are also those related to the United Nations’ Sustainable
Development Goals as well as to the European Union’s aims. As a part of a larger and pervading
phenomenon, however, it is also expected that the digital transformation of businesses will lead to
more sustainable production [4,5]. Industry 4.0 has been proven to contribute to an overall efficiency
increase (i.e., [6,7]) in the form of material consumption, waste reduction, and adaptive working
environments [8–12].

Nevertheless, the European Union is characterized by interconnected economies. Formerly, the
delocalization of production phases of European firms in the CEE countries was the engine behind
the economic growth in the region [13]. Today, Backé et al. [14] argue that the CEE countries face a
somewhat limited scope for continued economic expansion, because their current growth model is
mostly based on assembly and imitation. There is therefore a growing pressure on these firms from the
CEE countries to move upward in the global value chain by investing heavily in advanced technology.
Consequently, the authors argue that B2B firms from the CEE countries can have a massive impact
on Europe’s long-term competitiveness by reversing the effect of digitalization due to their strong
interdependencies on other European economies.

Thus, it is no surprise that digital transformation has attracted growing scholarly attention.
Previous studies often approach it as a technology challenge focusing on the adoption of different
technologies [15–18]. Despite this research stream having been proven to be very informative,
the holistic view of company-wide digital transformation, however, is absent [19]. The research
regarding the digital transformation and its implementation is still constrained in relevance for
practice [20,21]. Empirical work on implementation focus areas, driving forces, barriers and managerial
expectations supporting digital transformations would not only contribute significantly to the literature
but also guide practitioners on how to prepare and direct resource investments strategically [22].
Second, previous studies have been conducted on country level data [23–27] ignoring the context
and relevance of the value chain systems [28] as well as their influence on Europe’s global industrial
position [29,30], with special relevance to the CEE countries.

To bridge these research gaps, the present study aims to explore how CEOs and other members of
top management teams perceive the main driving forces and barriers for the most common Industry
4.0 technologies/focus areas. The research is conducted on a unique set of primary data, based on
cross-country analysis within the CEE region. Hence, its main contribution is that it provides an
insight, not only for practitioners but also for policymakers, on today’s burning challenge of how to
enable and facilitate the digital transformation of B2B firms located in lower-income member states
of the European Union. This is crucial information, as addressing the right antecedents of digital
transformation, in particular the drivers and barriers of its implementation, can enable the firms not
only to succeed but to move upward in the global value chain. This in turn contributes to an increase in
the competitiveness of both the entire industry and Europe’s global industrial position. Furthermore,
the paper offers reliable insight into the validity of the skill shortage assumption in the CEE region.

Our study makes several contributions to current knowledge. First, our quantitative study, using
an unlabeled bipolar semantic differential scale, provides evidence of the relative importance of the
most important driving forces and barriers of Industry 4.0 implementation on a sample of 302 B2B
firms from four countries in the CEE region, namely Hungary, Romania, Serbia and Slovakia.
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The cross-country analysis in itself is novel. According to our knowledge, only a very few attempts
have been made to conduct a quantitative study in multiple countries (e.g., [31]). Second, our research
highlights the implementation status of key technologies on which Industry 4.0 is based. Third, it sheds
light on how key stakeholders in the Industry 4.0 ecosystem such as universities, governments and
users or suppliers are perceived in their contribution when companies active in Industry 4.0 need
help. Fourth, these findings are particularly useful for the practitioners interested in effective Industry
4.0 implementation as a benchmarking, as well as for policymakers responsible for the design and
development of effective policies that not only remove barriers but also address the real drivers of
digitalization. Fifth, the perspective of stakeholders reveals that some stakeholders (government and
suppliers) are currently unable to sufficiently provide expected help to the companies, and hence they
turn to other users of Industry 4.0 and universities for help.

The paper is structured as follows. After the introduction, the second part is dedicated to the
literature review, which the main research questions are based on. In particular, the analysis focuses on
Industry 4.0 focus areas, driving forces and barriers of Industry 4.0 implementation, as well as key
stakeholders’ support. The third part provides more details on the survey design, the measurement
methods, and the sample. The results of the survey are given in the fourth part followed by a
more extensive discussion in the fifth part. The last part contains the most important conclusions,
contributions, and limitations of the paper.

2. Literature Review

2.1. Industry 4.0 Focus Areas

Xu [32] describes Industry 4.0 as a current trend of the manufacturing industry characterized by
high level of automation, industrial integration, and industrial information integration. It includes
enabling technologies/focus areas such as digitalization, Internet of Things, cyber-physical systems,
automation of production processes, cloud computing, big data analytics and many others.
What technologies are related with Industry 4.0 is a matter of intensive scientific discussion, where
some authors identified more than 1000 different technologies associated with this trend [18], making
them very difficult to manage [33]. Despite being strongly interrelated, in a technical and technological
sense they are de facto separated into specific technical subsystems, which are implemented in the
companies as relatively independent. Therefore, there is no technological need to implement them all,
or at the same time, they could be implemented separately, or in a parallel way. As they are very costly
and human resource consuming systems, organizations face the problem of deciding which of these
technologies to implement first.

Another factor influencing Industry 4.0 technologies’ implementation is their level of practical
maturity. Apart from the first experimenting pioneers, companies in large numbers will implement
them only in the case that the benefits are clear, economically verified and technically proven.
Automatization of production processes is, for example, a technology with a decades-long history
of systematic small steps of improvement, of which manufacturing companies are very well aware.
On the other side, cyber-physical systems or Internet of Things are much younger and based on a
unique combination of technologies (i.e., combinatorial innovation), which makes them disruptive and
still embryonic [34]. Relative technological independency, different levels of practical maturity, and
high cost of implementation make companies selective in applying these technologies. To describe
how Industry 4.0 is implemented and spread in central European countries, the authors investigate the
level of specific technologies implementation. Therefore, our first research question is as follows:

RQ1: What are the most common Industry 4.0 focus areas/technologies?

2.2. Driving Forces and Barriers of Industry 4.0

Driving forces encouraging companies to implement Industry 4.0 arise first from internal natural
evolution of key technologies’ innovations and from strong external trends, which we consider as more
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influential. In a globalized world, with more efficient and faster transporting routes, more competitors
have access to the same markets making competition for customers even more intense. Growing
competition forces companies to apply various strategies tackling all aspects of company processes in
attempts to survive [35].

Kamble and colleagues [36] carried out a review study on how smart technologies of Industry
4.0 deliver positive effects on various performance dimensions, namely costs, quality, flexibility,
time, integration, optimized productivity, real-time diagnosis and prognosis, computing, social and
ecological sustainability. These dimensions are based on specific indicators such as lower material
and energy consumption [9–11], lower human labor demands, higher efficiency in the production
process [7] with higher quality [37], higher flexibility, time saving and hundreds of others. These specific
and partial indicators are finally transformed towards improved total performance [38]. However,
internal organizational processes are not the only drivers of Industry 4.0. External factors such as
public image may play a role. Customers, employees, and managers may have expectations about how
their products should be manufactured. Despite serious efforts being made to theoretically identify
various driving forces, little is known about how companies active in Industry 4.0 really interpret
them. Which of them are considered by top executive officers more important than others? Therefore,
one of the goals of this paper is to not only identify main driving forces, but also to describe how top
executive officers and CEOs rank them in terms of their relative importance.

On the other side, there are clear barriers related to the implementation of Industry 4.0. Raj et al. [39]
conclude, based on extensive literature research, that barriers remain largely unexplored despite the
serious efforts of many research teams. Several studies have analyzed barriers from the theoretical
point of view [4,35,40–42], but there are very few empirical studies investigating these barriers from
the empirical side [23,24,43–47]. Therefore, our study aims to fill the gap and provide insight into
how corporate executives interpret the main barriers of Industry 4.0. Apart from identifying the most
important barriers to Industry 4.0 implementation, the aim of this research is also to investigate which
of them are the most severe and which are less significant. Therefore, the second research question is:

RQ2: What are the main driving forces and barriers of Industry 4.0?

2.3. Industry 4.0 Ecosystem/Stakeholder Support

Industry 4.0 is a new technological phenomenon with potentially enormous impact, not only
in its direct field of implementation—manufacturing—but on many areas of broad social activities
and structure [48–52]. Companies implementing or already using Industry 4.0 technologies face
a myriad of problems typical for any implementer of new and highly disturbing innovations into
successful company praxis. All these problems they face could be organized into four summary
categories: technological/technical, economic/financial, human resources and management/leadership
issues. Though very distinct in their origin and structure, nevertheless each can affect the way Industry
4.0 technologies are implemented, since companies do not have all resources needed for successfully
solving each simultaneously, and therefore outside help is often required. Reischauer [53] claims that
this process of innovation encompasses three main players: business, politics, and academia. We
categorized them into the following four key external types of organizations capable of providing
professional support and help to the companies using Industry 4.0 technologies: (1) government;
(2) university and research institutes; (3) suppliers of Industry 4.0 and (4) users of Industry 4.0.

As a technological revolution, based on large spectrums of relatively independent innovations,
it is unconditionally related with innovation generators, which are research institutes and universities.
They are the first stakeholder in the complex ecosystem. Not only are universities expected to contribute
to the relevant pool of skilled and competent workforce [54,55], they are also believed to play a pivotal
role in easing cultural and social transitions required for successful Industry 4.0 implementation [56].
Several authors [57–59] have underlined the importance of knowledge transfer between industries and
educational institutions for attaining advanced manufacturing education (concept Education 4.0).
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Governments recognized Industry 4.0’s importance quickly due to the positive economic impact,
which led them to support this new revolution. That is why governments are assumed to be the second
key stakeholder.

The third group, the suppliers of Industry 4.0, are the companies that supply cutting edge products
and services that are driving the digital transformation. They are either the suppliers of building blocks
that are used to create the factory of the future solutions, where sensors, software, and hardware are
connected. Alternatively, they are suppliers of other technologies that can be deployed independently
or alongside these building blocks. For example, Upskill, the developer of the augmented reality
application platform, as well as Cognex, the developer of machine vision solutions, are both leading
suppliers of Industry 4.0.

The fourth group includes the users of Industry 4.0. The users are, in fact, the customers, the
companies that purchase Industry 4.0 solutions and building blocks. For example, the development of
intelligent solutions is of great importance at Thyssenkrupp. Hence, the company has invested heavily
in mobile solutions for smart interaction with their customers. In some additional cases, the supplier
of Industry 4.0 is also the user of other Industry 4.0 solutions. This is the case of Siemens and ABB.

Due to its magnitude and its high level of novelty and risks, the cooperation between independent
companies (both between suppliers and users, and users with other users) is also very likely.

Organizations using/implementing Industry 4.0 face many problems, but little is known about
the specific demands towards particular stakeholders. For example, which stakeholders are expected
to help when needing help solving technological issues? Do companies expect to share costs
with universities/research centers? Are there any expectations about human resources towards the
government? These and many other questions related to expectations made by companies active in
Industry 4.0 towards stakeholders are largely unknown. Therefore, we set our third research question
as follows:

RQ: What do firms active in Industry 4.0 expect from other members/stakeholders of the Industry
4.0 ecosystem?

3. Methods

3.1. Research Design

Based on previously elaborated research questions, the authors conceptualized the inquiry in
several parts. Apart from general information about the interviewee and the company, the inquiry
consisted of three main parts. The first part was dedicated to identification of the most important areas
(practices) of Industry 4.0, the most significant driving forces, and barriers to the implementation of
Industry 4.0. The aim of the second part was to identify the perceived level of digital maturity of the
analyzed companies in general, as well as from the perspective of different value chain activities and
resources. The third part was used to analyze the actors and stakeholders of Industry 4.0, their relative
importance and expected support.

The primary data were gathered from B2B firms in Hungary, Romania, Serbia, and Slovakia,
which are countries with a shared history and similar economic structure. Being part of the Habsburg
Monarchy, these countries have hundreds of years of experience coexisting together under the same
state entity. This long-term coexistence has had many effects, for example, the structure of these
economies is mostly compatible with one another as they have similar levels of business dynamism
and innovation capability, resulting in the same level of competitiveness [60].

In addition, previous research has argued that B2B firms face much less stakeholder pressure due
to their lack of proximity to consumers and end-users; hence, these firms are slower to take up digital
transformation initiatives compared to the consumer-facing B2C firms [61]). Consequently, the authors’
intention was to study closely those B2B firms that were already active in digital transformation. Since
the phenomenon is very new, and we still lack empirical data, the size of the population is assumed to
be small.
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Moreover, the analysis was conducted on a homogenous sample of companies active in Industry
4.0 therefore reducing the variability of the data [62]. Secondly, according to the central limit theorem,
a sample size of 30 is considered sufficient for most distributions. In our case, for Romania, we have a
sample size of 29 companies, but for all other countries we have more than twice as many and the total
sample size is ten times higher than recommended. Thirdly, high statistical significance we reported is
an indicator of robust and valid results.

Consequently, the sample of 302 firms is representative of the population of Industry 4.0 active,
B2B firms in the CEE region.

3.2. Measurement of Driving Forces and Barriers of Industry 4.0

The driving forces and the barriers of Industry 4.0 have been measured on an unlabeled
bipolar semantic differential scale [63] with seven points, where the middle point represents the
indifference between two factors. There are six main categories of driving forces for Industry 4.0;
(1) human resources [20,42,64–66], (2) financial resources and profitability [20,65–74], (3) market
conditions and competitors [35,40,73–79], (4) management expectations, (5) productivity and
efficiency [5,20,65–69,71–74,80], and (6) customer satisfaction [81,82]. Within the main categories,
a total of 30 items were examined (Table 1). There are five main categories of barriers for Industry 4.0;
(1) human resources [16,42,52]; (2) financial resources and profitability [20,42,74,83]; (3) management
reality [42,45,72], (4) organizational factors [40,42,45,69], and (5) technological and process integration,
cooperation [40,42,45,69]. Within the main categories, a total of 17 items were examined (Table 1).

Table 1. Driving forces and barriers of Industry 4.0.

Driving Force Category Barrier
Increasing labor shortages

Reducing human work
Allocating workforce to other

areas (higher added value)
Demanded by employees (to
remain attractive employer)

Handling labor market
challenges

Human resources

Lack of necessary
competences within the

company
Lack of skilled workforce

Longer learning times
(employee training)

Lack of abilities within
the company

Attempt to decrease costs
Reducing costs

Realizing financial benefits
Increase of ROA

Reducing expenditures

Financial resources and profitability

Lack of financial
resources

Return and profitability
Limited availability of

financial resources
Market competition

Follow market trends
Pressure from competitors
Improving market position
Overcoming competitors

Market conditions and
competitors

Lack of managers with
appropriate skills,
competences and

experience
Lack of conscious

planning: defining goals
resources

Need for higher control for the
top management

Continuous monitoring of
company performance
Real-time performance

measurement
Compliance with management

expectations
Ensuring full control of

corporate processes

Management
expectations

Management reality



Sustainability 2020, 12, 9538 7 of 20

Table 1. Cont.

Driving Force Category Barrier
Reducing the error rate
Improving lead times

(compliance with market
conditions)

Efficiency improvement
Ensuring reliable operation

Less stoppages in production

Productivity and
efficiency Organizational factors

Inadequate
organizational structure
Resistance by employees

Inadequate process
organization

Resistance from middle
management

Demanded by
customers/partners

Improving customer satisfaction
Demand for quality

improvement
Compliance with customer

needs
Flexibility improvement

Customer satisfaction
Technological and

process integration,
cooperation

Lack of willingness to
cooperate (at the supply

chain level)
Lack of appropriate,
common thinking

Lack of an integrated
communication protocol

Lack of standards:
technology and

processes
Source: adapted from [24].

3.3. Sample

The aim of the research was to explore how CEOs and other chief executive officers (n = 302) in
Hungary, Romania, Serbia, and Slovakia perceive the main driving forces, barriers, and the role of
stakeholders for the most common Industry 4.0 technologies. Our selection criteria were that survey
participants should be representatives (members of the top management team) of financially and
legally autonomous business enterprises. Scholars of leadership theory (e.g., [84]) recognized a long
time ago that the management of an enterprise is typically a shared activity, extending beyond the
chief executive. In most organizations, a small group has the potential to affect the form or fate of
the enterprise [85]. The executives’ self-assessment reports are commonly used in social sciences,
especially in marketing and strategic management research [86,87]. We used a non-random approach
for data collection, which is common in survey-based studies when respondents must be familiar
with the studied phenomenon in order to increase the representativeness of the collected data [88,89].
To this end, we conducted targeted, personal inquiries in 2019. Respondents were allowed to discuss
each question with the interviewer in the case more clarification was needed. The data collection
includes 78 Hungarian, 118 Serbian, 77 Slovak and 29 Romanian—a total of 302 corporate queries.
Of the companies, 72 are registered in the capital city of the country, while 173 are registered in other
cities, and 55 in smaller settlements.

The research variables are in connection with both the companies and the individuals. The former
are described by their name, industry in which their largest revenue is generated, their best-selling
product/product line, year of establishment, number of employees and relative innovativeness.
Individuals are described by the following variables: the respondents’ gender, functional background,
work experience in years, role at the company, how long they have been working for that company
and how long they have been working in that role at the company.

A quarter of companies employ more than 250 people, 36% employ 50–249 people, 29% employ
10–49 people, and 10% employ up to 9 people. It is important to note here that companies active in
Industry 4.0 can be not only manufacturing companies, but also companies that supply them, such as
engineering offices, robotics companies, or IT companies. The general information about the sample
companies is shown in Table 2.
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Table 2. General information about the sample companies.

Attribute Average Median

Number of employees 608 80

Operating revenue (EUR) 136,251,984 4,583,729

Age of the company (years) 25 22

Seventy-six percent of respondents are male and 24% are female. The largest group of respondents
were the CEOs/founders of companies (32%), while the number of responses from sales and marketing
was also significant (26%). In addition, there were production managers (19%), finance managers (10%),
product development managers (9%) and logistics managers (4%) among the respondents. Statistics
on respondents’ work experience are presented in Table 3. It is important to note here that although
respondents have 20 years of work experience, the most common case is that they have been in their
current role for 1 year.

Table 3. Work experience among respondents.

Attribute Average Median Mode

Work experience 19.04 19 20

Working in that company (years) 11.5 10 3

Working in that particular role
within that company (years) 8.09 5 1

4. Results

4.1. Assessing the Innovative Behavior of Companies

Industry 4.0 is a novel area in itself, and accordingly, respondents rated their company as
fundamentally innovative compared to the industry average (Table 4). However, the responses also
show that not all companies active in Industry 4.0 can be considered equally innovative, and that
there are some differences between countries. In this respect, it should be emphasized that the most
common answer in the Hungarian sample was 100%, which means they considered their company to
be extremely innovative.

Table 4. Assessing the innovative behavior of companies among respondents (%).

Sample Average Median Mode

Whole sample 72.74 80 80

Hungary 76.40 100 80

Serbia 70.58 80 80

Slovakia 73.45 80 80

Romania 65.74 80 70

Note: 0 means less innovative than the industry average, while 100 means highly innovative.

4.2. Most Important Areas of Industry 4.0 in Companies

Respondents were asked to mark up to three focus areas for Industry 4.0 based on their
company’s practice. Based on the responses, automation of production processes (234 responses) is
the most common focus area, followed by digitization (177) and the Internet of Things (96) (Figure 1).
Other responses included standardization of processes, development of new technological processes,
robotics, maintenance, packaging, world-class innovation, online application, and logistics.
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Figure 1. Industry 4.0 focus areas in the sample companies.

There is no significant relationship between the firm size and the Industry 4.0 focus areas; however,
each focus area differs in part from country to country (Table 5). In Hungary, the general focus is less
on general digitization compared to Serbia, and on the automation of production processes compared
to the other three countries studied. Big data analytics are a more important focus area in Romania
than in the other three countries. A less important focus area in Slovakia is cloud computing compared
to Hungary and Serbia.

Table 5. Industry 4.0 focus areas by country.

Firm Group Means a

Focus Area HU
(n = 78)

SRB
(n = 118)

SK
(n = 77)

RO
(n = 29)

Univariate
F-Value

Scheffe
Multiple

Comparison b

Digitization 0.47 0.69 0.60 0.41 4.599 ** SRB>HU
Internet of Things 0.21 0.25 0.22 0.41 1.802

Cyber-physical systems 0.06 0.06 0.10 0.00 1.306

Automation of production
processes 0.53 0.84 0.91 0.90 15.944 **

SRB>HU;
SK>HU;
RO>HU

Cloud computing 0.27 0.32 0.04 0.24 7.924 ** HU>SK;
SRB>SK

Big data analytics 0.23 0.24 0.25 0.55 4.536 **
RO>HU,
RO>SRB;
RO>SK

a Dichotomous variable 0 (no) and 1 (yes); b post-hoc analysis of differences (p ≤ 0.05), where HU = Hungary;
SRB = Serbia; SK = Slovakia; and RO = Romania; ** p ≤ 0.01.

4.3. Driving Forces of Industry 4.0

Based on the distribution of the individual bipolar semantic statements, a ranking can be set
(Figure 2 and Table 6). The more important an item is, the higher it is in the rankings. Each main
category has five items. The value of the category is derived from the sum of the ranking values of each
item. The lower the total category value, the higher it is in the rankings. Based on these, the following
order can be set among the driving forces of Industry 4.0:

1. customer satisfaction;
2. productivity and efficiency;
3. financial resources and profitability;
4. management expectations;
5. human resources;
6. market conditions and competitors.
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Table 6. The most important driving forces of Industry 4.0.

Ranks

Driving Force Item1 Item2 Item3 Item4 Item5 SUM Final Rank

Human resources 6 21 24 26 27 104 5.
Financial resources and profitability 2 10 11 17 23 63 3.
Market conditions and competitors 7 18 22 29 30 106 6.

Management expectations 9 14 16 25 28 92 4.
Productivity and efficiency 1 4 15 19 20 59 2.

Customer satisfaction 3 5 8 12 13 41 1.

4.4. Barriers of Industry 4.0

Exactly the same methodological procedure as for drivers, described in the section above,
was applied for barriers (Figure 3 and Table 7). Based on these, the following order can be set among
the barriers of Industry 4.0:

1. human resources;
2. financial resources and profitability;
3. technological and process integration, cooperation;
4. management reality;
5. organizational factors.
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Table 7. The most hindering barriers of Industry 4.0.

Ranks

Barrier Item1 Item2 Item 3 Item4 SUM Final Rank

Human resources 1 5 6 8 20 1.
Financial resources and profitability 3 7 10 15 35 2.

Management reality 4 9 14 20 47 4.
Organizational factors 12 16 18 19 65 5.

Technological and process integration, cooperation 2 11 13 17 43 3.

4.5. Expectations from Companies Active in the Field of Industry 4.0 for Support

The research shows that the most important contribution on technological issues is expected
mainly from universities and research sites (laboratories), and from suppliers of Industry 4.0 (test
applications, solutions). In addition, even companies using Industry 4.0 can be important sources
for addressing technological issues (demonstration plants/practices) (Table 8). In terms of financial
resources, the surveyed companies rely on the government, and no financial resources are typically
expected from other actors. In terms of human resources, the role of universities is paramount, but
other actors also play an important role. There is also a significant expectation on the part of universities
regarding management issues as well as on companies using Industry 4.0. In this respect, the role of
Industry 4.0 suppliers and government is less significant (Table 8).

Table 8. Expectations from companies active in the field of Industry 4.0 for support.

Technological Issues N Average a Std. Dev.

Universities, research institutes 290 4.34 0.98
Suppliers of Industry 4.0 280 4.19 0.99

Users of Industry 4.0 276 3.99 1.12
Government 270 3.62 1.29

Financial resources

Government 295 4.08 1.09
Users of Industry 4.0 270 3.38 1.31

Suppliers of Industry 4.0 267 3.34 1.29
Universities, research institutes 265 2.99 1.44

Human resources

Universities, research institutes 283 4.05 1.17
Users of Industry 4.0 275 3.76 1.17

Government 276 3.73 1.27
Suppliers of Industry 4.0 273 3.62 1.25

Management, leadership issues

Users of Industry 4.0 284 3.89 1.13
Universities, research institutes 275 3.85 1.14

Suppliers of Industry 4.0 276 3.71 1.20
Government 268 3.42 1.34

a 5 point scale where 1 = strongly disagree, 5 = strongly agree.

5. Discussion

The first important finding of the applied research is that companies active in Industry 4.0 are
not implementing all the technologies at once. A selective approach has been practiced. Their focus
is first on automation of production, which is in line with other findings [15]. For example, Ref. [90]
reports findings that suggest that technologies with the highest impact on competitiveness were those
that encompassed the automatization of production processes by using machining lines, cooperating
machines or individual machines at independent workplaces. This is followed by digitalization, with
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more than a half of the investigated companies focusing on it. Despite the evident necessity, all of the
other technologies, such as big data analytics, are employed only by one-third or one-fourth of the
companies [91]. We believe that the reason for this selective implementation is the level of development
and practical preparedness, i.e., the maturity of technologies to be applied. Ghobakhloo [92] found
operations technology maturity to be a determinant of technology implementation.

While the automatization of production processes has been used for decades, with new trends
just improving the existing intensive effort, cyber-physical systems are de facto in their very infancy in
terms of practical corporate usage. Companies rather wait until a new Industry 4.0 technology matures
enough to bring evident benefits [45,93]. Another plausible explanation is that firms are unable to
acquire, build and implement all the digital technologies at once. A potential reason for this is the
financial burden, as well as the lack of capabilities and human resources. Consequently, firms may
follow an incremental approach, and thus replacing their resources and processes in a modular fashion.

This paper supports the abovementioned findings, as demonstrated in Table 5. Namely, despite
the differences between countries, the average levels are more or less similar. It means that even the
most progressive firms implement digital transformation gradually, most likely in stages, as suggested
by Mittal and his co-authors [94].

Comparing focus areas on a country level reveals a pattern of specialization, where countries
assume a leading position in a few technologies, but fall behind other countries in other technologies
on a statistically significant level.

Regarding the second research question, the most important driving forces for Industry 4.0
implementation are customer/client-related (improving customer satisfaction, customer-demanded
quality improvement, compliance with customer needs), followed by internal drivers: increase in
productivity, efficiency, as well as profitability. Human resource-related factors have not been perceived
as a significant driving force. On the contrary, they are significant barriers. Improving market position
and pressures from competitors were also perceived as relatively less important compared to the other
factors. This could be regarded as a contradictory result, even in the case of B2B firms. Such firms
are typically part of a value chain and it is quite often the case that firms from the CEE region take
up lower value-added jobs. In this regard, they may perceive their position as either secured—as a
member of the value chain with a long history of cooperation—or they may consider their outputs as
standard with infrequent need for upgrades.

A relatively small number of companies in the analyzed countries are de facto implementing
digital transformation. This is in line with the conclusion brought by Kane and his colleagues [95]
that clear opportunities and challenges perceived by industrial manufacturers lead to slow and
reluctant implementation of Industry 4.0. The slow, incremental approach could be a warning sign
for policymakers, since a country’s competitiveness largely depends on its companies engaging with
pioneering advanced technologies.

Regarding Industry 4.0 barriers, human-related factors (i.e., lack of required skills, competences,
and abilities) rank the highest on the list. Previous results are in line with the underlying assumption
in the literature that the skills gap decelerates the implementation of the emerging technologies.

There are, however, certain exceptions. Basl’s [45] study conducted on Czech firms reveals that
only 12.5% of the firms perceive insufficient skills and training as an important barrier, showing at
the same time that little awareness and the unclear benefits of Industry 4.0, along with high costs of
implementation play the biggest role. Driving forces and motivational factors exhibit more resemblance
to this research. However, these findings are based on a notably smaller sample (25 respondents), while
the level of achieved digital transformation in the sample companies remains unclear. The results
reveal that scarcity and deficiency in human-related factors generate heavy burdens on one hand, but
on the other hand, the availability of human resources does not drive the implementation. The reason
behind it could be that digital transformation per se is perceived as risky. The companies seem to delay
major commitments because financial stability is more important than availability of skilled personnel.
Once they have the budget to implement a planned investment, that is when they consider whether
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they possess the needed human resources and that is when they confront the fact that the right skill set
is actually missing.

The fact that our findings are consistent and in line with the majority of literature on human
resource barriers to new technology implementation makes them even more significant in the Industry
4.0 context, contrary to prior expectations [96]. Other perceived barriers were financial constraints and
issues related to profitability. The lack of standards regarding technology and processes, communication
protocols and common thinking regarding the digital transformation of the company have also been
perceived as an important barrier. The factors related to resistance to change that accompanies digital
transformation have not been seen as important barriers. These findings indicate that even though
managers with appropriate competences will inevitably succeed in the age of Industry 4.0, resistance
within the organization hardly poses a threat. This is contradictory to prior findings [16,42,52], given
that resistance coming from various levels of the company usually acts as a hurdle when it comes to
significant organizational changes. The contradiction is resolved since, according to our research, the
digital transformation happens in a rather slow and gradual manner, and hence there is enough time
for the organization to adapt culturally and internalize working with the new technology. However,
it is also likely that managers are not aware of their own limitations. This study, however, presents
an opinion-based ranking of Industry 4.0 barriers. Kamble and his colleagues [97] used interpretive
structural modeling and fuzzy matrix analysis to study the inter-relationship between the barriers
for Industry 4.0 and thus provide a framework for context-related identification of key barriers.
The analysis supporting the last research question revealed that companies active in Industry 4.0 have
distinct expectations from different stakeholders. The role of the government is primarily perceived
as that of a potential financial supporter, while in all other aspects, minimal support is expected.
We could speculate that this low ranking, in terms of expectations, is caused by current governmental
unpreparedness to provide any relevant help although Industry 4.0 was acknowledged in 2015 by
European officials as a highly influencing trend [3].

Our results indicate that suppliers of Industry 4.0 somehow resigned from their expected leading
position to mere technology providers unable to sufficiently help with managerial or human resource
problems, and thus leaving their customers in situations where they are forced to rely on support
from universities, research institutions and other users of Industry 4.0. The results for Serbia are an
exception, i.e., respondents from Serbian companies place the highest importance on suppliers of
Industry 4.0 [23].

The complexity of novel problems and other difficulties probably led to high cooperation with
other Industry 4.0 users, placing them in the position of the second most important stakeholder in
the ecosystem. Universities and research institutions positioned themselves as a leading force in
terms of contribution to the companies. They are expected to provide various sorts of support other
than financial. The reason for this could be not only their direct participation in the creation of these
technologies, but also their prompt reaction to new educational demands generated by Industry
4.0 [59]. We could speculate that some stakeholders (government and suppliers) are currently unable
to sufficiently provide the help expected, which leads to searching for help from other users of Industry
4.0 and universities.

Adamik and Nowicki [90] found that although companies operating in Poland are increasingly
aware of the benefits of Industry 4.0, relatively few companies are engaged in its implementation.
They argued that subcontractors of large organizations—the B2B firms—are more active since they
are compelled to implement Industry 4.0 solutions together with other members of the value chain.
Hence, collective learning and the possibility of acquiring and sharing knowledge on these solutions
with other partners provide the impetus for implementation.

One must be aware that Industry 4.0 is in its infancy, where only a small fraction of companies
have already actively started using these advanced technologies. In this process of evolution of many
applied technologies, which are in fact kind of unique prototypes, help from highly qualified specialists
is needed. Our results indicate that companies active in Industry 4.0 hope to find such specialists at
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research institutions and universities. We believe that this is a transient state and that as the evolution of
Industry 4.0 continues the expected roles of other stakeholders will change towards higher importance,
especially for suppliers of Industry 4.0.

6. Conclusions

Authors identified the following research gaps, namely (1) the research regarding the
implementation of digital transformation is constrained in relevance for practice; (2) cross-country
analysis of practices is rarely available; and (3) the context and relevance of the respondent’s position
in a value chain system is missing. These research gaps inspired our study to investigate how B2B
firms implement their digital transformations, what are the drivers and challenges, and where do they
turn for support?

The academic contribution and novelty of this paper is its empirical investigation on a sample
of 302 B2B firms in Hungary, Romania, Serbia, and Slovakia. In these four countries, industry was
the largest economic activity, which makes them steady contributors to the European gross value
added according to a survey by Eurostat [98]. The selection criteria were that participants should be
a member of the top management team of financially and legally autonomous business enterprises.
Participants in our research are proficient and well-informed about digital transformation, and they
could articulate their experiences and perceptions in a reflective manner.

Our findings reveal that digital transformation is inherently a non-linear organizational change
process and is very much influenced by the position of the organization in the value chain. The value
chain itself generates a pull for the member organizations—which is what top managers perceive as a
customer driver—and then they start planning the demanded implementation. Consequently, they
learn from other members of their value chain, and they trust universities and research organizations
with advising them on the right technology and management practices. Governments are perceived as
less supportive stakeholders, mainly because firms’ preference is to share or minimize the financial
risks associated with investments into advanced technologies. As a result, governments are expected
to take an active role in providing financial resources. Human resources and shortages of skills are
associated with critical barriers; nevertheless, the progress towards digital maturity requires the careful
consideration of the socio-technical factors of the firms.

We believe our research extends current knowledge, since until today, a limited number of studies
has utilized cross-country data. The authors believe that the used technique increased response
rates and generated a statistically significant amount of data. The results are also informative for
practitioners and policymakers. For the former, by providing a benchmark, they are invited to take part
in the transformation process before it is too late. Regarding the latter, it is critical for governments and
policymakers to address the implementation barriers and drivers properly, otherwise the European
competitiveness is at risk of decline. European economies are interconnected, and if firms from the
CEE region do not excel in digital transformation, that can have a devastating effect on the overall
performance of the entire value chain.

The research has its limitations, which need to be emphasized. The conducted type of exploratory
research bears inherent limitations, since it is based on subjectivity and human perception and the
understanding of Industry 4.0. An attempt was made to overcome this limitation by surveying and
interviewing the managers of the companies that achieved the highest level of digital transformation.
Furthermore, it is not guaranteed that our list of potential driving forces and barriers is exhaustive.
The survey was based on the thorough literature analysis of Industry 4.0 driving forces and barriers
but cannot exclude the presence of other significant driving forces and barriers not mentioned in the
survey. Hence, the validity of the conclusions is potentially limited by the bias caused by the exclusion
of these factors. The authors believe that the relevance and validity of the obtained results could be
improved by extending this research to a European level.
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