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INTENSITY OF INNOVATION ACTIVITY AND ITS PROGRESSIVITY IN ENTERPRISES IN
SLOVAKIA IN THE ERA OF INDUSTRY 4.0
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proportionately significant factor in enterprises in various fields.
The OECD defines an innovation as a new or improved product
or process (or their combination) that differs significantly from
the units of previous products or processes and has been made
available to potential users (product) or has been put into use by
the unit (process) (OECD/Eurostat, 2018).
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Innovation can come from two sources: marketing and
technology. Some products may require a coinciding of the two
sources (Garcia, 2002). In addition, different types of innovation
require different competencies, resources, knowledge and
investments, leading to different potential risks (Smith and
Tushman, 2005).
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Abstract: At present, it is not easy to define and recognise the innovative potential of
an enterprise in a market environment. It is about identifying the components,
relationships and understanding the concepts, interconnections and achieving the
expected economic, social, environmental consequences of introducing and managing
innovation. Innovation is associated with increased performance, the creation of new
markets and competitive advantage. Enterprises are innovating to defend their existing
competitive positions as well as to seek a sustainable competitive advantage. The
paper's main goal was to examine the degree of the introduction of innovations in
enterprises in Slovakia in the era of Industry 4.0 on the basis of a knowledge base and
a questionnaire survey. By applying theoretical knowledge and statistical methods of
evaluating the questionnaire survey, we came to potential opportunities for the
development of innovation activity in the ongoing fourth industrial revolution in the
surveyed enterprises.

It is possible to classify and differentiate innovation using
various metrics such as the object of innovation and the rate of
innovation. Innovation in a firm may be non-technological, such
as organizational and marketing innovation, and technological,
such as product and process innovation (Geldes et al., 2017). We
can classify innovations as product innovations, process
innovations, marketing innovations and organisational
innovations (European Commission/Eurostat, 1997). Piao and
Zajac (2015) identified two types of use of innovations:
reproduced use (repetition of existing designs for existing
products) and incremental exploitation (creation of new designs
for existing products). The authors concluded that these two uses
have different effects during the survey. Utilisation can be
defined as the gradual improvement of an existing product
business aimed to improve the current domain product market,
and the survey can be seen as the development of new products
aimed at new areas of the product market. Szopik-Depczyńska
(2015) distinguishes between different types of innovations that
have different spheres of influence. In particular, product
innovations relate to the impact of competition, demand and the
market and are intended to replace products withdrawn from the
market; expand the firm's offer in terms of products and services;
create products that are environmentally friendly; increase or
maintain market share; and enable the firm to enter new markets.
Gubová (2020a) combines innovation with technology. The
author says that innovations, especially in logistics activities, are
in the midst of dynamic changes and enterprises must
continuously manage and monitor them during everyday
business activities, which affects the efficiency and effectiveness
of production.

Keywords: innovation activity, innovation development, innovation potential,
digitisation, Industry 4.0

1 Introduction
It is not easy to define and recognize the innovative potential of
an enterprise in a market environment. It is about identifying the
components, relationships and understanding the concepts,
interconnections and achieving the expected economic, social,
environmental consequences of introducing and managing
innovation.
The development of countries and enterprises is responsible for
many changes in the world economy, which determines their
future influence and success on the market. For this reason,
businesses must be able to respond promptly to these changes.
For several years, researchers have been researching what type
of business is most likely to succeed in the innovation market
and progress in their research activities. It is also essential to
define what primary attributes must be met, the subject of the
business, how long it has been operating in the market, etc.

Enterprises can differentiate their innovation strategy between
their exploitative strategy, which refers to presently employed
technologies and tasks, and their exploratory strategy, which
consists of technologies and tasks that are novel or radical
(Jansen et al., 2006). Prange and Schlegelmilch (2016) have
developed proposals to explain the interaction between different
types of innovative paradigms of use and present the results of a
survey that reflects the belief that enterprises are simultaneously
or sequentially able to embrace several types of innovation. The
survey leads to entirely new innovations and the use and
maintenance of existing innovations. Businesses prefer
innovations with long life cycles; however, mixing and
overlapping them can lead to reduced performance.

Innovation can be seen as a renewal or improvement of existing,
well-established things and phenomena with reintroduction into
practice. Although, as an abstract concept, innovation is
generally very important because it moves businesses and their
activities forward, it should be mentioned that innovation can
also have no benefit for the enterprise. We also meet with the
opinions that bad innovation also contributes to the improvement
of processes in the future, as long as the enterprise can identify it
and convert it to its advantage only in case it is not liquidating
for the enterprise at the outset.
2 Theoretical overviews
Innovation consists of creating a new idea and then
implementing it in a new product, process or service. This leads
to dynamic growth in the national economy and increased
employment, as well as generating a net profit for the innovative
enterprise (Kogabayev and Maziliauskas, 2017). According to
Blindenbach-Driessen and van den Ende (2014), innovation is
associated with increased performance, the creation of new
markets and competitive advantage. Businesses are innovating to
defend their existing competitive positions as well as to seek a
sustainable competitive advantage. The term innovation includes
new technological, economic, social and organizational solutions
that are not necessarily marketable, in the economic sense and
direct monetary impact, but are applicable and are being used
within organizations (Silva et al., 2016). Innovations are a

The process of innovation development may vary from company
to company, influenced, among other things, by the sector of
activity or the size of the enterprise (Conde and Araújo-Jorge,
2003). Many foreign empirical studies have not established a
clear relationship between enterprise size, market power and
innovative activity. Baruk (2015) defines innovation activity as
an ordered set of scientific, technical, organizational, financial,
managerial and business activities carried out to develop and
implement innovations. We consider business innovation a new
or improved product or business process that differs significantly
from business predecessors or business processes. A new or
improved product has been introduced to the market or put into
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The last decade has been very progressive in terms of the
promising technological advancements and transformations.
New technologies are converging and making our life easier and
more efficient and yet we are likely to see disruptive innovations
that have never been considered before (Khan, 2019).
Technological developments suggest that the importance of user
innovation is likely to increase due to the growing importance of
the internet, which connects communities, facilitates the
exchange of ideas, access to complementary skills. According to
Rayna et al. (2015), a shift in technological development can
also be seen in process innovation such as 3D printing and other
flexible processing technologies that allow users to produce
individual products from digital models at relatively low cost.
Economic implications of 3D printing and significance analysis
of "Big Data" examined and in their study Kaulartz and von
Hippel (2018). The main competence of 3D printing is to
fabricate the products closer to the expectations of customers
around the world and to customise those products in real time
(Varsha Shree et al., 2020).

use by enterprises. Some studies define business innovation as
the result of competition in the market.
If the innovation leads to better products, lower costs, better or
new features, it can also be classified in terms of the scope of
function, i.e. to what extent the old product becomes a product
with improved capability. This is the so-called economic
(competitive) view. In this case, innovation is said to be radical
if it results in a better product (lower costs, better attributes or
new attributes), and existing products become functionally
incapable of covering the new functions of the innovated product
and are unable to compete in the market environment (Scuotto,
and Shukla, 2015).
Digital technologies have nowadays a significant impact on how
new business ventures are imagined and created. The arising
technology paradigm is leveraging the potential of collaboration
and collective intelligence to design and launch more robust and
sustainable entrepreneurial initiatives (Elia et al., 2020). Some
studies, such as Bouncken et al. (2019), examine the integration
of digital technologies and their use in new business models. The
challenge for businesses is the degree to which businesses are
involved in digital transformation and digitisation. Businesses
can apply digital technologies to improved or new internal and
external processes and integrate them into new business models.
The digital transformation itself in the enterprise requires
extensive knowledge from different backgrounds. Vial (2019)
defines digital transformation as a process that aims to improve
an entity by inducing significant changes in its characteristics
through a combination of information, computing,
communication and connectivity technologies. Ongoing
advances in artificial intelligence, digitisation, connectivity,
smart machines and the Internet of Things (IoT) have brought
about a digital transformation that ushers in a new era of
technological development in the form of the 4th Industrial
Revolution, also known as Industry 4.0 (Behrens and Trunschke,
2020). The fourth industrial revolution (Industry 4.0) is related
to digitisation, augmented reality, automation, and intelligent
technologies (Gubová, 2020b). The fourth industrial revolution
represents a fundamental digital transformation. This revolution
is known around the world as Industry 4.0, and it is advancing
exponentially (Ghobakhloo, 2020). Industry 4.0 is associated
with terms such as Cyber-Physical Systems (CPS), Internet of
Things (IoT), Internet of Services (IoS), Robotics, Big Data,
Cloud Manufacturing and Augmented Reality and will narrow
the gap between the physical and the digital world (King and
Grobbelaar, 2020).

3 Research methodology and description of statistical data
The main goal of this research paper was to examine the degree
of the introduction of innovations in enterprises in Slovakia in
the era of Industry 4.0 on the basis of a knowledge base and a
questionnaire survey. By applying theoretical knowledge and
statistical methods of evaluating the questionnaire, we came to
potential opportunities for the development of innovation
activity in the ongoing fourth industrial revolution in the
surveyed enterprises.
One hundred thirty-five enterprises operating in Slovakia took
part in the questionnaire survey. Table 1 displays the share of
respondents by the size of the enterprise. Small and mediumsized enterprises accounted for 63% of the total number of
respondents involved. The second-largest share of respondents
was represented by micro-enterprises with a share of 20.7%, and
large enterprises formed the share of 16.3%. Based on
quantifying the number of enterprises according to the Statistical
Office of the Slovak Republic, the most numerous microenterprises are in Slovakia. In the survey, the largest group
consisted of small businesses with a share of 37.8%. The
research results showed that small and medium-sized enterprises
are in the early stages of implementing Industry 4.0 elements.
The mentioned structure of enterprises by size should be a model
structure of the real state of enterprises performed by the
Statistical Office of the Slovak Republic, as the fact that microenterprises are the most numerous in Slovakia does not create
optimistic forecasts in the field of innovation development.
Medium and large enterprises have an ideal business and market
environment for developing innovation and strengthening the
country's innovation potential. The intention should be state
support for small and medium-sized enterprises, as they are
currently inactive in the field of innovation. It is perhaps through
the support of the levy and social area that this structure would
change.

An enterprise with a high market orientation will have more
knowledge about the market in terms of customers and
competitors; in this case, the knowledge of the external market
acquired by the enterprise will vary in the amount of
information, information channels and degree of difficulty,
making it easier for enterprises and enterprise members to obtain
more external relevant information (Martín-de Castro, 2015).
The combination of solid market interconnection and dynamic
market turbulence can increase new product development
performance. Conversely, customer preferences often do not
change with low market turbulence, even with high market
orientation. Team members will think that customer demand is
the same or similar and will reduce members' motivation to
absorb information (Chen et al., 2016). When we talk about
developing change and making some progress, we are thinking
about transferring ideas, technologies, and so forth. Horizontal
progress means copying things that already work - from 1 to n.
Horizontal progress (globalisation) is easy to imagine because
we already know what it looks like. Vertical (technology) or
intense progress means doing new things from 0 to 1. Vertical
progress is harder to imagine because it requires something that
no one else has ever done (Thiel and Masters, 2015).

Table 1: Structure of the surveyed enterprises by enterprise size
Enterprise size
Micro enterprises
Small enterprises
Medium-sized enterprises
Large enterprises
Source: author’s processing

Percentage
20.7%
37.8%
25.2%
16.3%

Based on the primary goal of the submitted paper, the following
hypothesis was determined and tested:
H 0 : We assume no significant positive relationship between the
size of the enterprise and the level of innovation implementation
rate.
H 1 : We assume a significant positive relationship between the
size of the enterprise and the level of innovation implementation
rate.

Emerging businesses are very active in gaining knowledge from
different sources and geographical areas, but these activities may
reduce growth for top enterprises in the future (Huggins et al.,
2015).
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processes, production preparation, production logistics, essential
production and post-production activities. The need for
organisational innovation is caused by constant changes in
products in technologies that need to be harmonised and
organised. Based on table 3, we can see that medium-sized
enterprises implement technological innovations the most. The
percentage was 45%. We attribute this to the progressive growth
of the use of technology, automation and the introduction of
digitisation in enterprises. Micro-enterprises implement the most
minor technological innovations with a share of 9%. Process
innovations are implemented by large enterprises with a share of
33.3%. Medium-sized enterprises also had almost the same
percentage when implementing process innovations. The
percentage of the introduction of process innovations in these
enterprises was 30.1%. The most minor process innovations are
implemented by micro-enterprises, where the share was 12.4%.

In the framework of implemented research, there were several
quantitative and expert research methods used. Methods of
analysis and synthesis, induction and deduction, comparison and
scientific abstraction were used to process the knowledge base.
Pearson's χ2-independence test was used to verify the association
to evaluate the data from the questionnaire survey. This test is
also called the Chi-square homogeneity test. The basis of the test
is to compare the agreement of theoretical frequencies with the
found frequencies and to assess the significance of the
differences between them. The condition to use the test is that
the sample size is greater than 20 (n > 20) and that all theoretical
frequencies are at least 5 (E ij ≥ 5). Fisher's exact test is another
method of measuring the association between variables. It does
not depend on the fulfilled conditions for a distribution with a
sufficiently large sample, and therefore it is suitable to be used
on small samples or weaker data, or unfulfilled conditions for
the use of Pearson's Chi-square test (n> 20; E ij > = 5). Another
statistical method for the data evaluation from the questionnaire
survey was correlation analysis (Pearson's correlation
coefficient), which examines the tightness of statistical
dependence between quantitative variables. Pearson Correlation
and Spearman Correlation were applied for statistical
verification. The results of the statistical tests are evaluated in
Table 2.

Table 3: Proportion of innovation introduced in enterprises,
expressed as a percentage by enterprise size
Technological
innovations

<.0001
0.0002
Value
0.5112
0.5486

Nontechnological
innovations

12.4%

2.1%

24.2%

25.8%

30.1%

23.7%

33.3%

48.4%

100%

100%

Micro
9%
enterprises
Small
18%
enterprises
Mediumsized
45%
enterprises
Large
28%
enterprises
Total
100%
Source: author’s processing

Table 2: Results of the calculation of statistical data
Fisher's Exact Test
Table Probability (P)
Pr <= P
Statistic
Pearson Correlation
Spearman Correlation
Source: author’s processing

Process
innovations

ASE
0.0686
0.0726

Critical area χ2 P > χ2 1-α [(r-1) ∗ (s-1)] where α is the selected
level of significance, respectively (1-α) is reliability. χ2 1-α [(r-1)
∗ (s-1)] represents the value that can be found using statistical
software. Based on the calculation, we can conclude that if the
inequality applies, we accept hypothesis H 1 and confirm the
dependence. If the inequality does not apply, we do not have
enough evidence to reject hypothesis H 0 and thus cannot
confirm the dependence between the characters A and B.

In connection with this question, we asked respondents about the
intensity of how enterprises implement individual types of
innovation. Technological innovations are implemented by 42%
of enterprises, and process innovations are applied by 33% of
enterprises in the range of 21% - 40%. Non-technological
innovations are implemented by 47.4% of enterprises in the
range of 1% - 20%.
At present, great attention is paid to introducing individual
principles, elements, technologies of Industry 4.0. Based on this
fact, in the questionnaire survey, we dealt with the level of
implementation of innovations in the conditions of Industry 4.0,
in order to achieve competitiveness and sustainability of the
enterprise in the market. The results are shown in Table 4. The
increase in labour productivity with a share of 51.1% is one of
the most critical areas for the introduction of innovations in the
conditions of Industry 4.0 in enterprises in Slovakia. For 48.9%
of enterprises, the introduction of innovations in the conditions
of Industry 4.0 means saving time. For 44.4% of respondents,
the implementation of innovations represents a financial saving.
Enterprises with a share of 40% consider the importance of
innovation in the form of streamlining enterprise processes.

Based on the results in Table 2 (testing the established
hypothesis), we concluded that there is a significant positive
relationship between the size of the enterprise and the level of
innovation implementation, which accepts hypothesis H 1 and
hypothesis H 0 is rejected.
4 Research results and discussion
At present, the innovation of undertakings also depends on the
level of use of high-tech technology, resulting in the satisfaction
of growing customer demands for quality, cost reduction, and
rapid implementation of products. It is one of the solutions to the
dynamic development of the industry at home and abroad. Hightech is closely linked to intelligent technologies, the Internet of
Things (IoT), digitisation from primary production - raw
material processing to product recycling. The effectiveness of
enterprises' investment in innovation currently depends, in
addition to finances, also on the size of the enterprise, the set
strategic goals and the subject of the enterprise's activity.

Table 4: Significance of the introduction of innovations in the
conditions of Industry 4.0 in enterprises in percentages
according to the scale (1-most significant and 5-least significant)

Time savings
Money savings
Streamlining
enterprise processes

Table 3 presents the share of innovations introduced in
enterprises by enterprise size. A high share of implemented
innovations was formed by non-technological innovations,
marketing and organisational innovations with a share of
48.40%. With this percentage, these innovations are being
introduced by large enterprises. The high share of this type of
innovation is based on the connection between the organisation
of processes, delegation and planning of new activities related to
innovation changes in the enterprise. Furthermore, they are the
activities of the organisation of production strategy, organisation
of innovation forecasting, organisation of development

Increasing labour
productivity

1
48.9%
44.4%

2
30.4%
25.9%

3
13.3%
18.5%

4
4.4%
8.2%

5
3%
3%

40%

29.6%

20.7%

5.9%

3.7%

51.1%

25.9%

14.1%

5.9%

3%

Source: author’s processing
If an enterprise introduces innovations in the field of saving
materials and streamlining enterprise processes, it succeeds in
reducing maintenance costs. Quality as the main effect brings
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streamlining of enterprise processes and increasing labour
productivity. Innovations introduced in Industry 4.0 conditions
to reduce maintenance costs and increase productivity will
reduce overall machine downtime. Increasing productivity in
technical professions through automation leads to reduced
overall machine downtime and an increase in overall
productivity. By increasing productivity in technical professions
through the automation of work, there is a decrease in stocks due
to increased forecasting reliability. The shortening of the time of
entry into the market with innovation is caused by the accuracy
of the forecast, the reduction of stocks and the increase of quality
and productivity in the enterprise. The time factor is essential in
the implementation of innovations and the mutual influences of
the introduced innovations on the savings of materials and
energy, resulting in savings of time and finances, which in turn
leads to streamlining processes in the enterprise. Saving time is
equal to saving money. This confirms the business rule that time
is money. Innovations in the field of saving materials and energy
lead to saving time, money, streamlining enterprise processes
and increasing labour productivity.

Industry 4.0 will change enterprises' nature and increase the
demands and requirements for skilled workers. The demand for
labour will continue to grow as new professions emerge in
enterprises to reflect on the digitisation of production and
logistics.
In conclusion, given the changing consumer demand and cyclical
technological improvements, it is necessary to manage
innovation planning and build coherence between changing
strategic plans and innovation initiatives. In order to increase
efficiency, plan and manage the innovation process to suit the
optimal time and product implementation process. Due to the
shorter product life cycle, to produce practical improved new
products to remain competitive, while emphasising the
prolongation of the product life cycle on the market to reduce the
environmental burden. Also, emphasise the precise planning,
monitoring, control of spent and planned investment costs for
research and development, as it is a way to be successful in the
domestic and foreign markets.

5 Conclusion
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