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ABSTRACT

Sustainability 1s a necessity in today’s business since long-term development cannot be
achieved without embracing it. The fourth mdustrial revolution (i.e., Industry 4.0) that in-
troduced the digital transformation of companies 1s pushing the industry towards sustainable
development. Human resource management (HRM), as part of the Industry 4.0 concept,
plays an essential role in the process of digital transformation, since employees represent
the most flexible part of the production system. This paper aims to analyze the relationship
between the implementation of HRM practices and the introduction of digital technologies
in manufacturing firms. Additionally, the authors intend to determine whether the introduc-
tion of digital technologies enables the flexibility of the production system. For this purpose,
data gathered through the European Manufacturing Survey (EMS) are used. The analyses
are based on descriptive statistics and regression analysis. The results reveal that there 1s a
significant positive relationship between the use of HRM practices and the implementation
of digital technologies in manufacturing firms. Furthermore, firms that implemented digital
technologies have a tendency to organize their production processes in a way that corre-
sponds to trends in production imposed by the Industry 4.0 concept.
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1. Introduction

Sustainability represents a broad concept related
to the various aspects of wellbeing for all [1]. The
three main pillars of sustainability include the envi-
ronmental, economic, and social perspectives of the
development [2]. Sustainability 1s considered as a
necessity since long-term growth cannot be achieved
without embracing it [3]. This is in line with the
mdustrial changes we are witnessing i the last de-
cade. Namely, the fourth industrial revolution that
mtroduced the digital transformation of businesses
1s pushing the industry towards sustainable develop-
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ment. This newly introduced concept, also referred
to as Industry 4.0, 1s recently gaining much attention
in the research community. One of the expected con-
sequences of the Industry 4.0 implementation 1s to
significantly contribute to environmental, economic,
and social sustainability [4].

The implementation of Industry 4.0 can offer
various advantages for manufacturers in terms of
mcreased performance. One of the main character-
istics of Industry 4.0 1s to enable the production of
complex products designed and produced accord-
Ing to customer specifications in small or even single
batches [5], [6]. More particularly, the Industry 4.0
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concept offers the higher performance of manufac-
turing firms in terms of the increased flexibility of the
production system. This is accomplished through the
mmplementation of various digital technologies that
enable real-time acquisition and analysis of the data,
followed with the conversion of these data into useful
mformation for the production system [7], [8].

The implementation of the technologies that are
considered as enablers of Industry 4.0 1s having a ten-
dency to decrease human mvolvement in production
processes [9]. This does not necessarily mean that
the overall number of employees will decrease. On
the contrary, digital transformation will negatively in-
fluence only the creation of lower-skilled jobs while
at the same time creating numerous job opportuni-
ties in areas where the specific creative capabilities of
employees are highly valued [10]. This is the point
m which Human Resource Management (HRM)
activities play a crucial role [11]. This is particularly
important since organizational improvements, such
as HRM activities, tend to complement technologi-
cal improvements in manufacturing firms [12]. HRM
should gain even more attention in the context of In-
dustry 4.0 since employees represent the most flexi-
ble part of the system.

Considering all the above mentioned, this paper
aims to shed light on the relationship between the 1m-
plementation of HRM practices and the introduction
of digital technologies in manufacturing firms. Fur-
thermore, the authors intend to determine whether
the introduction of digital technologies enables the
flexibility of the production system. For this purpose,
data gathered through the European Manufacturing
Survey (EMS) are used. Moreover, the analyses are
based on descriptive statistics and regression analysis.

The remainder of the paper has the following
structure. Section 2 serves to present the theoretical
background in the field, while Section 3 describes
the proposed research model, data, and methods
that were used in this research. Section 4 presents
the research results and discussion. Finally, Section
5 contains the conclusion, including the identified
limitations of the study and suggestions for further
research.

2. Theoretical background

This part of the paper aims to provide a theoret-
ical background for the research. More specifically,
the issues related to Industry 4.0, sustainable devel-
opment, and HRM practices will be addressed.

2.1 Industry 4.0 and sustainable
development

Recently, the technological capacities of man-
ufacturing firms have been on the rise. Advanced
technologies have enabled companies to exchange
information in real-time, to improve the speed and
quality of their processes and to design products in
mnovative ways. The use of advanced technologies
i an adequate way can provide firms with an advan-
tage over their competitors. Consequently, the use of
advanced technologies has become a crucial factor
for companies to gain a competitive advantage [13].
Manufacturing firms are increasingly using digital
technologies, which are considered as key enablers
of Industry 4.0, to model, communicate, and exe-
cute operations in the production processes. These
technologies enable the configuration, design, and
control of the production system [14]. Based on the
use of these technologies, it 1s possible to improve
production or product assembly processes and to
prepare automated procedures for production man-
agement. In addition, the use of digital technologies
in manufacturing firms provides an opportunity for
continuous improvement of work procedures and
the elimination of errors in processes in an eflicient
manner [15].

Prior research shows that the implementation of
Industry 4.0 technologies and the development of
design principles of Industry 4.0 such as smart man-
ufacturing and product personalization [16] has been
related to the various sustainability opportunities [2],
[71, [17]. Furthermore, Industry 4.0 is expected to
contribute to job creation[18], including countless
digitization-related job opportunities [10]. However,
to achieve sustainable growth, it necessary to deep
dive mto the background of the term.

Sustaiable growth 1s based on the idea of sustain-
ability as a capacity for lasting existence. The general-
ly accepted theory of sustainable development, some
of which overlap with the concept of corporate so-
cial responsibility (environmental protection), comes
mainly from the 1987 Brundtland Report [19]. An
often-repeated definition of sustainable development
1s that it 1s a development that meets the needs of the
present moment, without impairing the ability of fu-
ture generations to meet their needs [19]. According
to the other definition, corporate sustainability and,
therefore, corporate social responsibility refers to the
activities of an entity in a way that gives attention to
problems of society and the environment and inter-
acts with stakeholders [20]. Although the issue of cor-
porate social responsibility 1s thought to have been
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considered m the 1930s and 1940s i the United
States, it has only intensified since the Second World
War [21]. However, corporate social responsibility
1s often erroncously reduced only to providing them
with financial and other assistance (provision of ser-
vices or delivery of goods) in case of natural disasters,
as well as aiding certain social activities (sports, cul-
tural, etc.). Legal theory points out that the food and
packaging industries today are accused of obesity and
poor nutrition [22]. When asked what can be consid-
ered socially responsible behavior, there are different
understandings. In general, according to Campbell
[23], socially responsible practice exists when busi-
nesses intentionally do nothing to harm the people
they are in contact with or the local community in
which they do business and if they repair the damage
as soon as 1t 1s discovered or notified.

2.2 HRM practices

HRM 1s an essential function in manufacturing
firms, especially in the Industry 4.0 era, when chang-
es in production processes are very complex and
rapid. Although the presence of digital technologies
i production processes seems to have a tendency to
reduce the number of workers on the shop floor, em-
ployees are still considered as the most flexible part
of the system [11]. For this reason, it is necessary for
manufacturing firms to mvest in the development of
their employees in order to maintain the quality of all
processes on the appropriate level. On the one hand,
1t 1s necessary to pay attention to the satisfaction of
employees since there 1s a lack of workforce that 1s
able to respond to the demands of modern produc-
tion, which involves the application of numerous
advanced technologies. On the other hand, in order
for employees to be able to follow and adapt to new
trends in production, it 1s necessary to provide ade-
quate training and other forms of their development.
HRM is considered as one of the primary sources by
which firms can shape the skills, abilities, behavior,
and attitude of their employees and ensure that their
activities are aligned with the firm's goals [24].

Firms need to design their training programs in a
way that improves the mnovative skills and learning
of employees. In addition, firms should offer their
employees different types of training to enable them
to perform various jobs [25]. In this sense, the train-
g that firms offer to their employees does not nec-
essarily have to be directly related to their work but
can be aimed at increasing the diversity of employee
skills. Given the constant changes, employee train-
mg should be realized as a continuous process. Em-

phasis should also be on teamwork, and mentoring
should be a standard activity of managers. Moreover,
employees should be trained to solve various prob-
lems they encounter and not just perform routine
tasks [26].

Manufacturing firms should make a great effort in
selecting the right candidates for each job, using ex-
tensive selection and recruitment procedures. In the
process of selection and recruitment, firms should as-
sess the target orientation of the candidate, which can
be focused on learning or performance. In order to
promote innovation and learning, firms should focus
on candidates who are primarily learning-oriented.
Since employees with a learning orientation prefer
to deal with challenging tasks, they are interested in
constantly improving and developing new skills and
knowledge, thus enabling them to be mvolved in flex-
ible job rotations [27].

Employee income should be based on their con-
tribution to the firm. This contribution should be
considered from the perspective of personal, group,
and company performance. There should be a clear
link between performance and rewards, as this way
of rewarding fosters innovation and a desire to learn
in the firm [26].

2.3 Research questions

In order to analyze the relationship between
HRM practices, implementation of digital technol-
ogies, and performance of manufacturing firms in
terms of increased flexibility, the following research
questions are proposed:

*RQI1: What 1s the relationship between HRM

practices and the implementation of digital

technologies in manufacturing firms?

*RQ2: Does the implementation of digital
the flexibility of the

technologies increase

production processes?

3. Research model, data, and methods

To answer the research questions developed
based on the theoretical background, the research
model presented in Figure 1, is proposed.

This research is based on the data collected un-
der the mternational project Furopean Manufac-
turing Survey (EMS). EMS is a survey organized by
research institutes and universities across Europe
with the focus on innovation i manufacturing firms
that considers various aspects of manufacturing pro-
cesses mn a standardized and systematized way [28],
[29]. The survey is carried out on a triennial basis
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and includes manufacturing firms (NACE Rev 2
codes from 10 to 33) with more than 20 employ-
ees. It 1s designed to be representative of all regions,
manufacturing sectors, and firm sizes that constitute
the population of mterest. The EMS questionnaire
contains detailed mformation on qualification and
area distribution of the employees and a number of
control variables, such as firm size or characteristics
of the main product and of the production process
[30]. The dataset used 1n this research 1s based on the
2018 data collection activities conducted among Ser-
bian manufacturing firms. The dataset includes 240
firms from which about 46% are small firms ranging
from 20 to 49 employees, another 43% of firms have
between 50 and 249 employees representing medi-
um-sized firms, and final 119 of the firms have more
than 250 employees thus belonging to the group of
large firms. The number and share of the firms in
the sample based on the manufacturing sector they
belong to 1s presented in Table 1.

This research employed the part of the EMS
survey relating to the use of human resource man-
agement practices, digital technologies, and produc-
tion characteristics of manufacturing firms. More
specifically, the respondents were asked which hu-

man resource management practices and advanced
digital technologies are implemented in their firms
and what are the characteristics of their production
processes. The list of human resource management
practices, advanced digital technologies, and produc-
tion characteristics that were used in this research 1s
the outcome of expert opinion of EMS consortium
members, firms that participated in the research and
literature review [5], [31]-[34].

The HRM practices included in the model are
the following [26], [31]:

e Instruments to promote staff loyalty (e.g.,
attractively designed responsibilities, offering
learning opportunities, flexible working hours,
child care)

* On-the-job
mentoring, coaching)

training  (e.g., job rotation,

The digital technologies, also known as smart
manufacturing technologies, are as follows [33], [35]-

[37]:

* Mobile/wireless devices for programming and
controlling facilities and machinery (e.g., tablets)
e Digital solutions to provide drawings, work
schedules or work instructions directly on the

Human Resource
Management

- Digital Factory

Firm Performance

Figure 1. Proposed research model

Table 1. Number and share of firms based on the manu acturing sector

NACE Manufacturing sector Number of firmsin  Share of firms in
the sample (n) the sample (%)
10 Manufacture of food products 39 16.3
25 Manufacture of fabricated metal products 36 15.0
22 Manufacture of rubber and plastic products 21 8.8
28 Manufacture of machinery and equipment n.e.c. 15 6.3
27 Manufacture of electrical equipment 15 6.3
14 Manufacture of wearing apparel 14 5.8
23 Manufacture of other non-metallic mineral products 1 4.6
16 Manufacture of wood and of products of wood 1 4.6
29 Manufacture of motor vehicles, trailers and semi-trailers 10 4.2
31 Manufacture of furniture 9 3.8
18 Printing and reproduction of recorded media 9 3.8
15 Manufacture of leather and related products 7 3.0
Other 43 17.9
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shop floor

*Software  for production planning and
scheduling (e.g., ERP system)

¢ Digital supply chain management

*Near real-me production control system

(e.g., of centralized operating and

machine data acquisition)

systems

e Systems for automation and management of
internal logistics (e.g., RFID)

¢ Product lifecycle management systems

e Virtual reality or simulation for product design
or product development

Production characteristics employed for the mea-
surement of the production process flexibility are the
following [5], [31], [38]: Product development ac-
cording to customers' specification, Standardized ba-
sic program incorporating customer-specific options,
Standard program, Made-to-order, Assembly-to-or-
der, Production to stock, Single-unit production,
Small or medium batch production, Large batch
production, Simple products, Products with medium
complexity, and Complex products.

The authors have implemented these constructs
to build the model, presented in Fig. 1, which was
used to analyze the relationship between the imple-
mentation of HRM practices and the introduction of
digital technologies and, consequently, the level of
flexibility in manufacturing firms.

To analyze the relationship between HRM prac-
tices, digital technologies, and firm performance (i.e.,
flexibility), we employed descriptive statistics and lin-
ear regression. The relationship between the imple-
mentation of HRM practices and digital technologies
1s analyzed based on the results derived from linear
regression. Consequently, the descriptive statistics
were used to check the flexibility of the production
system in those manufacturing firms that introduced
digital technologies in their production processes.

Table 2. Results of the linear regression

4, Results and discussion

Linear regression is employed in order to give an
answer to RQI1, which investigates the relationship
between HRM practices and digital technologies.
The breadth of the number of HRM practices and
digital technologies 1s used for the analysis. The re-
sults are presented in Table 2.

The results show that there 1s a significant pos-
itive relationship between the use of HRM practic-
es and the implementation of digital technologies in
manufacturing firms. More precisely, if a firm has a
tendency to nurture its employees and to give them
opportunities for further development, than it 1s eas-
ier to introduce digital technologies in everyday pro-
cesses. This is in line with prior research that claims
that HRM plays an important role in the digitaliza-
tion process since employees should be prepared
for changes that Industry 4.0, along with the intro-
duction of digital technologies in the manufacturing
environment is bringing [12]. As a consequence, it 1s
expected that the appropriate use of digital technol-
ogles In manufacturing processes, enhanced by the
capabilities of employees, can increase the flexibility
of a production system. Considering long-term ef-
fects, this strategy could secure the competitiveness
and sustainability of a firm in a constantly changing
market environment.

The results depicted in Table 3 serve to explain
whether the introduction of digital technologies in-
creases {irm performance in terms of achieving high-
er flexibility of a production system (i.e., RQ2). The
cross-tabulation analysis 1s employed to present the
number of firms that introduced specific digital tech-
nology and have various production characteristics.

Based on the descriptive statistics, it is shown that
firms that implemented digital technologies have a
tendency to organize their production processes in
a way that corresponds to trends in production im-

Digital Factory

Human Resource Management
R
R2

F

Sig.

.324%

0.324

0.105

27.912

0.000

Note: *p<0.001
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posed by the Industry 4.0 concept. More particular-
ly, firms that follow the digitalization strategy are able
to produce small or even single batches of complex
products that are designed and manufactured accord-
g to customer specifications. These results reveal
that mvestment in human resources followed by the
mmplementation of digital technologies enables higher
flexibility of the production systems, thus increasing
the competitiveness and sustainability of manufactur-
g firms that follow this trend [10].

5. Conclusions

This paper analyses the relationship between the
mmplementation of HRM practices and the introduc-
tion of digital technologies as an important step for
the introduction of the Industry 4.0 concept in man-
ufacturing firms. Furthermore, the analysis 1s extend-
ed in order to determine whether the introduction
of digital technologies enables the flexibility of the
production system. For this purpose, data gathered
through the EMS are used. The analyses are based
on descriptive statistics and regression analysis. The
results reveal that there 1s a significant positive rela-
tionship between the use of HRM practices and the
mmplementation of digital technologies in manufac-
turing firms. Furthermore, firms that implemented
digital technologies have a tendency to organize their
production processes in a way that corresponds to
trends i production mimposed by the Industry 4.0
concept. The increased flexibility of the production
system enables the production of complex products
designed and produced according to customer speci-
fications in small or even single batches.

This paper contributes to the literature in the field
by finding the link between HRM practices, Industry
4.0, and increased flexibility of the production sys-

tem. These findings allow managers to build their
strategies using the given information. Furthermore,
our study shows the importance of both non-techno-
logical and technological aspects of manufacturing
activities to achieve greater competitiveness and sus-
tamability in a rapidly changing environment.

Our analyses rely on the data gathered from all
manufacturing sectors, thus making the conclusions
rather general. We can assume that focus on the spe-
cific sector or group of similar industries could yield
different results. Therefore, we are calling for a more
m-depth analysis of the problem imposed. Other
aspects that diversify the sample, such as firm size,

could be included in further research.
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