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Abstract: Industry 4.0 has been a major force framing the societal, economic and technological
environment after 2010. Exposed to ongoing digital transformation, companies are able to exploit
opportunities offered by Industry 4.0, and are forced to manage immanent risks and barriers. However,
studies on opportunities and challenges relevant for the implementation of Industry 4.0 for companies
are scarce. In response to this literature gap, the aim of this exploratory research is to provide
a deeper analysis of the level of digital transformation of companies in Serbia based on a digital
maturity model, and examine their managers’ opinions on the most important driving forces and
implementation barriers. The paper uses exploratory research design based on a survey responded to
by 122 high-level managers within the Serbian manufacturing sector. Findings show that, contrary
to expectations, digitally transforming enterprises do not see human resources as a driving force,
but rather as an obstacle to Industry 4.0 implementation, when they lack necessary competences and
skills. Resistance to change caused by Industry 4.0 implementation is not seen as an important barrier.
On the other hand, efficiency factors represent the main driving force, while the lack of competences
and financial resources represent the greatest barriers to Industry 4.0 implementation.
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1. Introduction

The Industry 4.0 has been one of the major forces framing the societal, economic and technological
environment after 2010. Several other commonly known terms may point to the same phenomenon,
such as the Industrial Internet, the Internet of (Every) Thing, the Big Shift, etc. In the context of global
sustainable development (as defined by the UN Sustainable Development Goals), Industry 4.0 is
expected to contribute in multiple areas, i.e., quantity of materials used, primary energy consumption,
working conditions etc. [1]. On the business level, Industry 4.0 is expected to improve quality
management processes. For example, the Foundry 4.0 stands for “an increase in automation in an
effort to reduce defects” [2]. Furthermore, Industry 4.0 bears the potential for sustainable industrial
value creation focusing on all three sustainability dimensions: economic, social and environmental [3].

In business management, Industry 4.0 is causing fundamental changes in existing business
models and creation of new ones, known as the digital transformation [4]. With its ambivalent impact,
disruption of incumbents and huge and vigorous opportunities for newcomers, the adoption of the
Industry 4.0 (including Cyber Physical System, Cloud-based manufacturing, Internet of Things etc.)
has become the source of competitive advantage for a company, as well as on the national level [5].
According to McDonald and Rowsell-Jones, Industry 4.0 bears the potential to completely reshape
the relationships with customers, employees, the market etc. to create “a digital edge, where digital
information and physical resources merge in new ways to create value and revenue” [6]. Moreover,
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digital transformation, or digitalization, is not limited to product and process improvement, affecting
business models and organizational and management aspects as well as the entire supply chain, creating
significant challenges for companies [7,8]. Lately, it has become clear that digital transformation should
be reflected in innovation processes based on the Open Innovation principle [9,10].

The Industry 4.0 was born in the production stage of the value chain merging physical production
technologies with digital technologies [11]. There is a significant overlap between physical concepts
embedded in manufacturing and the main breakthroughs of information and communication
technologies. Robotics, sensors, artificial intelligence, augmented reality, business analytics and
cognitive computing have gone mainstream. The result of these merges is digitalized and connected
manufacturing [12]. However, the implications of Industry 4.0 for manufacturing companies are not
unequivocal, since it promises higher efficiency and profitability as well as improved quality on the
one hand, but it exposes companies to increased and often disruptive competition and difficult change
management on the other hand [10]. Moreover, studies on opportunities and challenges that are
considered relevant for the implementation of Industry 4.0 for companies are scarce [13–18]. As a
consequence of unclear opportunities and challenges perceived by industrial manufacturers, evidence
points to a slow and reluctant implementation of Industry 4.0 [19].

To account for ongoing change in business models towards digital transformation, recent literature
established the concept of digital maturity [20]. The concept of maturity refers to a degree of
completion or perfection of a desired transformation and thus can be applied to an organization’s
digital transformation [20] (p. 3). Maturity models can be seen as an instrument for measuring progress
towards a specific target state [21,22]. Tarhan et al. provided a comprehensive literature review
and showed that maturity models represent a “desired logical path which includes discrete levels of
maturity” [23].

Apart from the maturity models, readiness models have been developed to test the readiness
for initialization of the digitalization process. This analysis refers to the stages before the process of
digital maturing and thus does not represent the area of interest of this research. Digital maturity
has been generally seen as a level (or status) of digital transformation of the company [24] (p. 4).
Additionally, it reflects the organization’s adaptation to compete effectively in an increasingly digital
environment [19]. In constructing digital maturity models, the main aspects of digital transformation
have been included, namely, apart from physical products, digitalization affects business models,
organizational structure and strategy [14,25]. Additionally, it should be based on consumer needs and
preferences [26].

The roots to maturity models go back as far as the 1930s. Shewhart [27] first began to study
process improvement. His principles were further refined by Deming [28], Crosby [29] and Juran [30]
in the area of quality management.

Humphrey’s [31] adaptation of Shewhart’s findings in the digital sphere is referred to as the
Capability Maturity Model (CMM). It goes without saying that this model provided basic principles
and concepts on which many of today’s maturity models are based [32]. For example, the European
Foundation for Quality Management (EFQM) has defined the so-called EFQM Excellence Model [33]
with five enabler criteria and four result criteria, where the enablers are underpinning the results.
A majority of digital maturity models were developed in a practical context, by consulting firms,
and test the company’s digital transformation from a holistic perspective. Namely, management
consultancies bear broad knowledge on digital transformation management [34]. For example,
PricewaterhouseCoopers [35] developed a six-dimension maturity model that detects four levels
of digital maturity: digital novice, vertical integrator, horizontal integrator and digital champion.
Other consulting firms, like KPMG, McKinsey and Company, Accenture etc., have also developed their
own models for measuring digital maturity. Most of the maturity models and especially those developed
in management consultancy are not empirically grounded. However, Deloitte provided empirical
research prior to developing its digital maturity model [35]. This model is used to evaluate digital
capability across five dimensions to create a holistic view of the organization’s digital maturity [36].
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The core dimensions (Customer, Strategy, Technology, Operations, Organization and Culture) are
divided into 28 subcategories and 179 criteria based on which digital maturity is assessed. The similar
maturity model is developed and discussed extensively in Schumacher et al. [22], although with
nine dimensions.

The MIT Center for Digital Business and Capgemini Consulting developed a model that evaluates
digital maturity across two dimensions and assigns one of four maturity levels: beginners, fashionistas,
conservatives and digiratis [37]. Similarly, the Institute for Information Systems at the University of
St. Gallen in cooperation with the Swiss management firm crosswalk developed a nine-dimension digital
maturity model based on 60 different indicators of digital transformation that classifies companies into
five linear digital maturity stages [38,39].

Lichtblau et al. [40] developed a one-dimensional model with six maturity stages that differentiate
among three digital maturity types: newbies, beginners, and pioneers. Schumacher et al. [12] proposed
a nine-dimension maturity model for assessing Industry 4.0 readiness and digital maturity of enterprises
that extends the dominating technology focus by including organizational aspects (Strategy, Leadership,
Governance, Culture and People). Lanza et al. [41] offered a “maturity-based action guide” without
developing a specific measurement model.

According to Savastano et al. [42] (p. 893), “despite the increasing interest in this novel topic,
scholarly inquiry on the economic and managerial effects of the digital transformation of manufacturing
as well as its impact on business models’ innovation has transpired in the literature only recently,
resulting in a limited understanding of this phenomenon”. So far, there has been no research of the
digital maturity of companies in Serbia. Furthermore, there is practically no scientific literature on
digital maturity based on empirical research [20].

Motivated by the mentioned research gap in the literature, this paper has two objectives. Firstly,
to examine the progress in implementation of Industry 4.0 in manufacturing companies in Serbia.
The paper explores the digital maturity stage of the companies, based on the Deloitte Digital Maturity
Model. Secondly, to identify the main opportunities and challenges (barriers) for Industry 4.0 adoption
in Serbia based on higher-level manager’s opinions from digitally matured companies.

This paper makes several potential contributions to the present body of knowledge. Firstly, it can
provide evidence of the relative importance of the most important driving forces and barriers of the
Industry 4.0 implementation. Secondly, it provides an insight into the sustainability of the Industry
4.0 implementation process since it investigates the main limitations to this process as perceived by
the manufacturing companies’ managers. Finally, it provides an insight into a specific country case,
which can be used as a benchmark for other Central and Eastern Europe as well as Southeastern
Europe countries.

Following the aims of the research, the paper is structured as follows. In Section 2 (“Methods”)
the research design is described, along with the methodology and the developed hypotheses. The main
empirical results are displayed in Section 3 (“Results”). In Section 4 (“Discussion”) findings are
discussed, as well as theoretical and practical implications of the research. Finally, Section 5
(“Conclusions”) brings the conclusions concerning the main findings, limitations and traces the
future research paths.

2. Methods

The aim of this research is to provide a deeper analysis of the level of digital transformation of the
manufacturing enterprises in Serbia and examine their managers’ opinions on the most important
driving forces and implementation barriers. Since a study is performed concerning the problem
that is rather at its preliminary stage (especially in Serbia) without much empirical evidence in the
background, an exploratory research design is applied [20].

At the beginning of the research the authors developed the hypotheses that are tested within the
following study. The hypotheses are based on the relevant literature on Industry 4.0 characteristics
and implications.
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• Hypothesis 1 (H1). Human-related factors represent a significant driving force and a challenge for the
Industry 4.0 companies;

• Hypothesis 2 (H2). Achieving a competitive advantage is a major driver of Industry 4.0;
• Hypothesis 3 (H3). High costs of financing represent a major barrier to Industry 4.0 implementation in

Serbia;
• Hypothesis 4 (H4). Resistance to change creates pressure against Industry 4.0 implementation.

Given the exploratory nature of the research, after analyzing the available literature on the most
important challenges and opportunities of the Industry 4.0 and digital maturity models, the authors
have developed the survey amongst managers of Serbian companies, which was hosted and supported
by the Serbian Chamber of Commerce. The chosen research design allowed for the investigation of
precise Industry 4.0 issues from the managerial perspective as well as extending the existing state of
research. The sample was carefully chosen in order to gain insight into the most important driving
forces and barriers for Industry 4.0 based on experience gained in the companies that are likely to be
exposed to digital transformation. According to Kagermann et al. [11], manufacturing sub-sectors,
such as mechanical and plant engineering, the automotive industry and the electrical industry would
be primarily affected by Industry 4.0. Consequently, the manufacturing sector was the focus of
the research. The authors 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 [43,44]. Our selection criteria were that participants
should be members of the top management team in manufacturing sector companies. The survey was
open for 45 days (beginning from 1 April 2019), and responses were collected online (using Google
form—a free online survey) as well as in paper form. In total, 123 responses were collected, out of
which 122 were useful, which represents a 78% response rate, and approximately 5.5% of the total
number of companies that fulfill the predefined qualifications.

The research variables are in connection with both the companies and the individuals. The former
are described by their name, the industry in which their largest revenue is generated, their best-selling
product/product line, year of establishment, number of employees and relative innovativeness.
The minimum age of the companies eligible for the survey was set to be 5 years, and the minimum
number of employees was set to be 10. 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.

The questionnaire consisted of two parts. The first part referred to obtaining information about
the interviewee and the company. The second part was related to the Industry 4.0 and consisted of the
following sections:

1. Industry 4.0 interpretation, driving forces and barriers;
2. Industry 4.0 maturity;
3. Industry 4.0 national technological platform.

The first part was based on the most frequently mentioned driving forces and challenges or
barriers in the literature. Regarding the driving forces, several areas of Industry 4.0 impact were
identified: competitiveness and business model [5,45–51]; efficiency and performance [3,34,45,52–58];
workforce-related factors [57–61]; and consumer needs [26,62]. Likewise, the most important barriers
refer to: implementation efforts and costs [45,58,60,63]; organizational challenges [16,47,54,60];
and human capital (competences and resistance) [60,64–66]. Table 1 summarizes the main driving
forces and barriers found in the literature.
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Table 1. Driving forces and barriers for Industry 4.0 implementation.

Driving Forces Sources

Competitiveness and business model innovation

Lasi et al. [5]; Rüßmann et al. [45];
Burmeister et al. [46]; Arnold et al. [47]; Laudien and

Daxböck [48]; Laudien et al. [49]; Ibarra et al. [50];
Ślusarczyk [51].

Cost reduction and performance improvement

Rogers et al. [52]; Rogers and Trombley [53];
Brettel et al. [54]; Geissbauer et al. [34];

Schmidt et al. [55]; Rüßmann et al. [45]; Erol et al. [56];
Stock and Seliger [3]; Oettmeier and Hofmann [57];

Müller et al. [58].

Labor market changes Bonekamp and Sure [59]; Kiel et al. [60]; Oettmeier and
Hofmann [57]; Müller et al. [58]; Agolla [61].

Customer needs Spath et al. [62]; Seufert and Meier [26].

Barriers Sources

Financial issues Herrmann et al. [63]; Rüßmann et al. [45];
Kiel et al. [60]; Müller et al. [58].

Organizational challenges (planning system,
protocols, coordination)

Brettel et al. [54]; Arnold et al. [47];
Kiel et al. [60]; Basl [16].

Managers’ and employees’ competences Erol et al. [65]; Kiel et al. [60]; Basl [16].

Resistance Bauer et al. [64]; Kiel et al. [60]; Nagy et al. [66].

In examining the relative importance of Industry 4.0 driving forces and the main barriers, the
authors used an unlabeled bipolar semantic differential scale [67] with seven points, where the middle
point represents the indifference between the two factors. The second part was dedicated to the
measurement of the digital maturity level of the sample companies. Deloitte’s digital maturity model
with five core dimensions (Customer, Strategy, Technology, Operations, Organization and Culture)
was used due to its simplicity and empirical ground. In the third part, the authors explored the
managers’ opinions on the desired and lacking support by specific stakeholders engaged in their
digital transformation.

To analyze the data, the research proceeded in three phases. Firstly, the level of digital maturity
of the sample companies was identified, placing them in one of three groups: lower digital maturity,
median digital maturity and higher digital maturity. Secondly, the data related to higher digital
maturity companies and their manager’s opinions were extracted and used to obtain the results about
the main driving forces and barriers to Industry 4.0 implementation in Serbia. Finally, the authors
examined the level of digital maturity of individual value chain activities in higher digital maturity
companies. In general, maturity assessment is conducted by assessors [68]. However, maturity
assessment can also be made by an external auditor or by self-assessment [69]. Furthermore, executives’
self-assessment reports are commonly used in social sciences [70,71]. Accordingly, in order to identify
the level of digital maturity, the managers were asked to imagine a perfect organization transformed
by digital technologies across five given dimensions (Customer, Strategy, Technology, Operations,
Organization and Culture). As the concept of maturity refers to a degree of completion or perfection of
a desired transformation, the respondents were then asked to rate their company regarding the extent
to which they perceived their organization’s maturity level along each of the five dimensions on a
scale of 0 to 100, where 100 represents an ideal state. Precisely, managers were asked to answer the
following questions:

• Regarding your strategy, how advanced (matured) is your company to embrace digital initiatives
in order to gain competitive advantage?
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• Regarding the technology in your company, does it enable the organization to create, process,
store, secure and exchange data to meet the needs of customers and organizational processes at a
low cost?

• Regarding the operations, do the processes and tasks utilize digital technologies to drive strategic
management and enhance business efficiency and effectiveness?

• Regarding organization and culture, is decision making data-driven and are your employees
digitally skilled?

• Regarding customer experience, do your customers view your organization as their digital partner
using their preferred channels of interaction online and offline?

The average grades were used to place the sample companies into three groups created for
the purpose of further analysis (see Figure 1): lower digital maturity (average grade 0–33%, 1% of
respondents), median digital maturity (average grade 34–66%, 42% of respondents) and higher digital
maturity (average grade 67–100%, 57% of respondents). As indicated by the creators of the model, it is
used to extend the analysis and identify the gaps and key areas for the companies to focus on, in order
to achieve full digital transformation [36]. Additionally, since the digital transformation represents a
continuous process, and digital maturity is a moving target, given classifications are relative rather
than absolute.
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The sample was dominated by companies that have experienced and survived tremendous
challenges as a result of the transition from Industry 2.0 to Industry 4.0. The average age of the
observed enterprises was 27.4 years. Only 8% of companies were established in the Industry 4.0 era
(after 2010). The general information about the sample companies is given within Table 2.

Table 2. General information about the sample companies.

Average Median

Number of employees 173 92

Operating revenue (EUR) 10,230,493 4,247,884

EBITDA margin (%) 11.8 9.9

Return on equity (%) 15.6 10.4

Age of the company (years) 27.4 24.0

According to the respondents, the companies in the sample are characterized by a relatively
high degree of innovativeness. When asked to rate how innovative the company’s products and
offerings are (on a 0–100 scale) compared to the industry standard (50), the average grade of perceived
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innovativeness was 71.2. The vast majority of managers (74.8%) found their company’s products and
services more innovative than the industry standard, while the share of those who considered the
company’s offer to be at or below the industry standard was the same (12.6% each).

Among the respondents, male respondents were more prevalent than female (64.8% vs. 33.6%),
while 1.6% preferred not to answer. The average work experience of the respondents was 20.6 years
(see Figure 2). The respondents’ extensive experience certainly contributed to the quality of this
research. On average, they have worked 12.8 years in the observed companies. Most of them were
founders or CEOs (32%) while others worked in sales and marketing (21%), production (14%), product
development (11%), finance (11%) and logistics (7%).
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Since different maturity level companies exhibit differences in the way they perceive the importance
of various segments of business management (strategy, customer relationship, etc.) for digital
transformation, the gaps in the maturity level across dimensions of the digital maturity model were
analyzed within two segments (median and high digital maturity companies) (see Figure 3).
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Consistent with other empirical studies, strategy is “the strongest differentiator of the digitally
maturing companies” in comparison with the lower digital maturity level companies [19,72,73].
What separates the digital leaders in the sample from the others is a clear digital strategy combined
with an organizational culture and leadership that drives transformation [72]. Digitalization is not
about having digital technology, but rather about using it to change the current business model and
create the new value-creating opportunities. This can only be achieved by aligning the company’s
strategy, technology, operations, organization and culture to meet the digital expectations of customers,
employees and partners [19].

3. Results

3.1. Industry 4.0 Driving Forces

As mentioned in Section 2, in examining the relative importance of Industry 4.0 driving forces,
the authors used an unlabeled bipolar semantic differential scale with seven points, where the middle
point represents the indifference between two factors.

The results show that attempts to reduce costs represent a stronger driver of Industry 4.0 than the
increasing labor shortage. This was the dominant attitude of the surveyed managers (53%). The number
of those who thought the opposite was nine times lower, while the indifferent ones made up 41%
(see Figure 4a).

Similarly, the vast majority of respondents (61.4%) considered market competition as a stronger
driving force compared to the reduction of human work. A total of 14% of respondents had the
opposite opinion, while the rest were indifferent (see Figure 4b).

The number of those who favored reducing the error rate compared to overcoming the challenges
of the labor market (54.3% of respondents) was 4.2 times higher than those who believed the opposite,
while one third were indifferent (see Figure 4c).

According to the respondents, Industry 4.0 is predominantly a consequence of customers’ or
partners’ demands and requirements compared to employees’ requirements (51.5% of respondents).
The previous statement was made by 7.3 times more respondents compared to those who claimed the
opposite (see Figure 4d).

Interestingly, financial drivers were not seen as dominant for Industry 4.0 implementation.
For example, customer satisfaction was undoubtedly a more significant driver of Industry 4.0
than enterprise profitability. More than half of the respondents believed that improving consumer
satisfaction is a more important driving force compared to an increase of return on assets (51.4%),
27.1% of respondents gave equal importance, while 21.4% believed the opposite (Figure 4e).

On the other hand, opposite to our expectation, building competitive advantage and overcoming
competition were not seen as relatively more important in comparison to the internal drivers
(Figure 4f,g).

As expected, the need for efficiency improvement was one of the most significant drivers of
Industry 4.0. However, the study showed an unexpectedly high disproportion: more than half of the
respondents (52.9%) pointed out that improving efficiency is a more significant driving force than
overcoming competitors, while those who thought the opposite were six times fewer.

Flexibility improvement represented a significant driving force behind compliance with managerial
expectations, according to 48.6% of managers surveyed (Figure 4h). This is three times more than those
who found compliance with managerial expectations to be a more important factor (15.7%).

The results of this study also indicate that indifference exists when it comes to the following
factors (drivers) of Industry 4.0: reducing expenditures vs. improving lead time (40% of respondents),
improving market position vs. demand for quality improvement (45.7%), ensuring full control of
corporate processes vs. ensuring reliable operation (51.4%) and compliance with customer needs vs.
less stoppages in production (48.6%) (for additionally mentioned drivers see Appendix A).
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3.2. Industry 4.0 Barriers

When asked to prioritize between a lack of competencies and a lack of financial resources as
barriers to Industry 4.0 implementation, 37.1% of managers considered a lack of competencies as a
greater barrier, 34.3% were indifferent, and 28.3% thought that a lack of financial resources is a bigger
issue (Figure 5a).
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Furthermore, the study indicates that a lack of competencies is an equal problem at the managerial
and lower hierarchical levels. The sample was dominated by those who give equal importance to the
lack of a trained workforce and the lack of managers with appropriate competencies (45.7%). However,
it should be noted that the number of those who thought that the lack of a trained workforce is a
significant barrier is 56% higher than those who thought that managerial competences represent a
relatively bigger barrier (Figure 5b).
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Similar to the previous situation, the study indicates that a lack of integrated communication
protocol is also a problem at the managerial and lower hierarchical levels. The sample was dominated
by those who gave equal importance to the lack of an integrated communication protocol and the lack
of managers with appropriate competencies (45.7%). However, it should be noted that the number of
those who thought that the lack of managers with appropriate competencies was twice as higher than
those who thought that a lack of integrated communication protocol represents a relatively bigger
barrier (Figure 5c).

The majority of respondents (41%) considered lack of financial resources a bigger issue than a lack
of conscious planning (Figure 5d). The proportion of respondents who were indifferent and thought
the opposite was quite similar (about 30%).

The study also confirms that a limited availability of financial resources represent a bigger obstacle
to the digital transformation of the examined companies compared to employees’ resistance (Figure 5e).
This conclusion was confirmed by the majority of surveyed managers (51.4%).

When it comes to the lack of standards of technology and processes and resistance of the middle
management, the number of those who thought that the lack of standards (technology and process) is
more significant barrier compared to the middle management resistance was 50% higher than those
who thought the opposite (Figure 5f).

The study reveals that indifference also exists when it comes to the following barriers of Industry
4.0: lack of abilities within the company vs. inadequate organizational structure (52.9%), lack of
conscious definition of goals and resources vs. inadequate process organization (61.4%), lack of
management with appropriate competencies vs. lack of integrated communication protocol (45.7%)
and return and profitability vs. lack of appropriate common thinking (38.6%) (for additionally
mentioned barriers see Appendix B).

3.3. The Value Chain Digitalization

In order to take a deeper look into the stage of digital maturity of the observed enterprises,
an activity-level analysis was also conducted. Namely, to meet the challenges that Industry 4.0 imposes,
enterprises will need certain capabilities across the entire value chain. The authors tested the managers’
opinions on how digitalized the activities (primary and support activities) in their enterprises were
(in terms of Porter, 1985) [74] using a Likert scale.

Respondents’ opinions regarding the use of digital technology to conduct primary value
chain activities were first examined. The results show that digital technology was mostly used
to support production activities (74.3% of managers agreed or strongly agreed with this statement).
The examined companies used digital technologies to support both inbound and outbound logistics
(61.4%), shape marketing and sales campaigns (61.4%) and support service activities (60%).

When it comes to the supporting activities, 74.3% of respondents agreed or strongly agreed that
digital technology is being used to support infrastructure, and 60% of respondents agreed or strongly
agreed that they use digital technology to support procurement as well as research and development.
The lowest level of usage of digital technology was identified in the recruitment and selection of
employees (47.1%).

The highest degree of agreement regarding the digitalization issue is linked to the strategy,
which is in line with the digital maturity model results. As many as 87.1% of respondents agreed or
strongly agreed that the top management of their company truly supports the implementation of a
digital strategy (see Figure 6). More than 80% of respondents claimed that their companies integrate
digitalization into their business strategy. Finally, 79% of surveyed managers believed that intensive
use of digitalization and automation would allow their company to increase their performance against
competitors as well as increase their revenues.
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3.4. Digital Transformation and Stakeholders Support

The results of the study have clearly shown that government assistance and support in the
digital transformation process is less important compared to other stakeholders. Precisely, about 60%
of respondents considered government support important or very important, 18.5% considered it
completely irrelevant or marginal, and the rest found it moderately important. Government support is
first and foremost important regarding the financial issues in implementing Industry 4.0.

Support from the academic community was considered more important. The results have
shown that 78.5% of respondents considered the support of universities and research institutes
important or very important. Their support was most needed when it comes to the area of human
resources and technical issues. If they needed to get the knowledge and education about Industry 4.0,
most respondents would look for it at universities and research institutes (37%), the Internet (23%),
and suppliers of Industry 4.0 (21% of respondents).

Undoubtedly the greatest importance, and therefore the greatest support in the process of
conducting digital transformation, was needed by suppliers and users of Industry 4.0, as is easily
noticed in Figure 9. The previous conclusion confirms the fact that 80% of respondents considered the
support of Industry 4.0 suppliers as important or very important, and in the case of Industry 4.0 users
as much as 85.7%. Their support was primarily needed in the area of resolving technical issues.
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4. Discussion

This research made an attempt to examine the main challenges and driving forces of the Industry
4.0 in a de-industrialized country’s manufacturing sector.

In order to gain insight about Industry 4.0 in Serbia from the companies with the highest level
of digital maturity, the level of digital transformation was first examined. Almost all companies
from the sample (99%) fell into categories of median and high digital maturity (42% of sample
companies were perceived at a median digital maturity level and 57% were perceived as highly
digitally matured). The results are in favor of median and higher digital maturity companies due to
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the fact that already digitized companies showed a higher interest in completing the questionnaire
compared to non-digitized enterprises.

Since the survey responses came mainly from the digitally matured manufacturing companies in
Serbia (as perceived by their high level managers), the results of the test of digital maturity in Serbia
are biased and it was not possible to draw conclusion about the achieved level of digital transformation
within the country. Alternatively, it could be said that managers see manufacturing companies in
Serbia as relatively more digitalized when compared to the results of digital maturity of companies in
other small and medium middle-income developing countries

Deloitte’s digital maturity model has general limitations similarly to other digital maturity models,
stemming from its general and vague classification of companies in certain levels of digital maturity.
Furthermore, digital maturity models suggest a linear path, suggesting that all companies follow the
same path of digital transformation [20]. Finally, as with most of the maturity models, our chosen
model is not academic even though it is based on empirical evidence. Yet, it was used as a basis for
determining the reference points necessary to differentiate between Serbian companies in order to
make the stratification of the sample and perform further analysis based on managers’ opinions from
relatively more matured companies.

Regarding the first hypothesis based on relevant literature [75–77] (Human-related factors represent
a significant driving force and challenge for the Industry 4.0 enterprises), the research confirmed that
digitally transforming companies in Serbia do not see human resources as a driving force but rather as
an obstacle to Industry 4.0 implementation when they lack necessary competences and skills. Ganschar
et al. [78] show that, apart from influencing workforce reduction, digital transformation leads to more
complex tasks and processes and thus the skilled and educated employees represents an important
prerequisite for the success of this process, which is confirmed in this research.

Regarding the second hypothesis based on relevant literature [3,5,54,60,63,79–82] (Achieving
competitive advantage is a major driver of the Industry 4.0) empirical results in Serbia unexpectedly
revealed that this driving force has been pushed into the background due to the relatively higher
perceived importance of internal efficiency drivers (cost and time reduction).

When it comes to the barriers to Industry 4.0 implementation, there is a high degree of consistency
among the responses. Hence, the barriers could be ranked according to their relative importance as
presented in Figure 10.
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The research results confirmed the third hypothesis (High cost of financing represent a major
barrier to Industry 4.0 implementation in Serbia). A higher rank given to lacking financial resources
can be prescribed to an underdeveloped financial market and the high cost of debt in Serbia.

Contrary to the literature [83–86], resistance to change caused by Industry 4.0 implementation was
not seen as an important barrier among surveyed managers. Hence, the fourth hypothesis (Resistance to
change creates pressure against Industry 4.0 implementation) has also not been confirmed. This could be
explained by a relatively low level of economic activity in Serbia and consequent higher unemployment
rate. Segal [86] also points to the existence of countries where workers’ jobs are at a high risk, which is
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becoming even higher due to digitalization. The labor force is not mobile since Serbia is not a member
of the EU, and thus losing existing jobs represents a significant threat to employees. Hence, employers
and managers do not see them as a barrier.

According to Schumacher et al. [22] (p. 161), in the production technology area, the main
impact of Industry 4.0 could be seen as increasing efficiency regarding manufacturing processes.
Since the production technology is a dimension across which Serbian enterprises from the sample
show the highest level of digital maturity, it is easy to explain why efficiency factors represent the main
driving force.

5. Conclusions

In this paper, the authors conducted an analysis of the level of digital transformation of
manufacturing enterprises in Serbia and examined their managers’ opinions on the most important
driving forces and implementation barriers to Industry 4.0 implementation.

Challenges and driving forces for Industry 4.0 differ when conducting a research in a
de-industrialized, former socialist country compared to the majority of literature findings. Contrary to
expectations, digitally transforming companies in Serbia do not see human resources as a driving force,
but rather as an obstacle to Industry 4.0 implementation when they lack necessary competences and
skills. Resistance to change caused by Industry 4.0 implementation is not seen as an important barrier.
These findings indicate that even though managers with appropriate competences are necessary to
succeed in the age of Industry 4.0, resistance within the organization hardly poses a threat. On the
other hand, efficiency factors represent the main driving force, while the lack of financial resources
along with inadequate and insufficient competences represent the greatest barriers to Industry 4.0
implementation. Similar to human resources, it is interesting to see that financial effects (profitability)
are not seen as drivers of Industry 4.0. Rather, customer satisfaction is perceived as a significant
driver of Industry 4.0. This can be interpreted as a demonstration of a responsible strategy where
value creation for customers precedes value release for company owners. A hypothesis that digitally
maturing companies implementing Industry 4.0 exhibit higher responsibility, taking care of sustainable
value growth for both owners and consumers, can be an interesting start for future research.

According to the sample companies, the suppliers and users of Industry 4.0 are considered as the
most important actors, with universities and research institutes following behind. This is in accordance
with the results in the first part of the survey (Industry 4.0 interpretation, driving forces and barriers),
showing that most of the Industry 4.0 is predominantly a consequence of customers’ or partners’
demands and requirements compared to employees’ requirements. The majority of sample companies
sought financial support from the government, whereas universities, the users and the suppliers of
Industry 4.0 should provide help regarding technological issues according to the research. Papers
tackling the opportunities and challenges that are considered relevant for the implementation of
Industry 4.0 for companies are scarce. In response to the research gap in the field, this paper contributes
to the current knowledge base with deeper insight into driving forces and barriers of Industry 4.0
implementation in a specific, context-related framework. Furthermore, the sample size in these papers
is usually small, with a few exceptions (e.g., [87,88]). The authors, therefore, believe that this study
fills a critical gap in the academic research in this field. Nevertheless, the research has its limitations,
which need to be mentioned. The conducted type of exploratory research bears inherent limitations
since it is based on human perception. However, at this level of Industry 4.0 implementation, hard data
lacked for conducting an unbiased quantitative analysis. The authors attempted to overcome this
limitation by surveying the companies that achieved the highest level of digital maturity in Serbia and
thus possess the most valuable and the deepest experience with the Industry 4.0, which enhances the
findings’ reliability.
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For other researchers, the findings can be used as a basis for benchmark analyses in countries that
share similarities with Serbia. Moreover, in order to enhance the representativeness of the findings,
a quantitative cross-country empirical analysis is a recommended avenue of future research.

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 the Industry 4.0 driving forces and barriers
but cannot exclude the presence of other significant driving forces and barriers not mentioned in the
survey. For example, the open innovation perspective of Industry 4.0 [10] suggests that “knowledge and
experience within an organization are necessarily limited and that internal regulations and processes
may even represent further limitations to innovation” and thus are a limitation to boosting the full
potentials of Industry 4.0. In this respect, the authors acknowledge that there could be important
dynamic capabilities and know-how determinants not included in the study. Hence, the validity of the
conclusions is potentially limited by the bias caused by the exclusion of these factors. Additionally,
further analysis of the driving forces and barriers could include more precise measurement of the
importance of each factor.

Author Contributions: Conceptualization, I.V.H. and V.K.; methodology, I.V.H., V.K., T.H.; formal analysis, I.V.H.,
V.K. and V.M.M.; investigation, V.K.; resources, I.V.H., T.H. and V.M.M.; data curation, V.K.; writing—original
draft preparation, I.V.H.; writing—review and editing, V.K., V.M.M. and T.H.; visualization, V.M.M. and V.K.;
supervision, I.V.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2020, 12, 4208 17 of 22

Appendix A. Additional Driving Forces of Industry 4.0
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