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resources. This intelligent monitoring and process trans-
parency provides a constant insight into companies. Then 
can companies flexibly and quickly respond to changes in 
the marketplace (Berger 2014, Siemens 2016, KPMG 2016, 
Deloitte 2015, Ješko 2016, Industry4 2019). According to 
Kagermann et al. it is expected that the main benefits from 
adoption of Industry 4.0 components the organization will 
gain flexible manufacturing processes, will be able to ana-
lyze large amount of real time data and will improve the 
processes of strategic and operational decision making 
(Kagermann et al. 2013).

The main objective of this study was to analyze differ-
ences among companies from five European countries in the 
context of readiness for Industry 4.0 in seven selected areas. 
Using statistical test for analyzing significance of differences 

INTERNAL FACTORS SUPPORTING BUSINESS AND TECHNOLOGICAL  
TRANSFORMATION IN THE CONTEXT OF INDUSTRY 4.0

Lucia KOHNOVÁ1, Ján PAPULA2, Nikola SALAJOVÁ3

Faculty of management Comenius University, Bratislava, Slovakia
E-mails: 1lucia.kohnova@fm.uniba.sk (corresponding author); 2jan.papula@fm.uniba.sk;  

3nikola.salajova@fm.uniba.sk  

Received 17 January 2019; accepted 21 February 2019
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Introduction 

Technological change that is widely effecting the industrial 
sector is often spoken in the context of technologies such 
as Cybernetic-Physical System (CPS), Internet of Things 
(IoT), Internet od Services (IoS), Big Data, Smart Factory, 
Interoperability and so on (Dalenogare et al. 2018). Not just 
industrial enterprises, but all competing on the market are 
currently struggling with the question of what changes are 
needed to make them competitive, and how to make and 
implement the newest innovation in the most effective way. 
The Industry 4.0 concept is based on the ability of people, 
machines, devices, logistics systems and products to com-
municate and collaborate with each other. The connection 
of products, devices, people, increases the efficiency of pro-
duction machines and equipment, reduces costs and saves 
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we were able to identify which countries are better pre-
pared in each area. With a close analysis of companies from 
each country, we looked at the distribution of answers and 
were able to compare the behavior in each area. We have 
identified that main differences occur between Slovak and 
Czech companies compared to Austrian, German and Swiss 
companies, which also rank higher in innovation rankings 
than Slovak and Czech companies. Interestingly, Slovakia 
as a small and open economy, strongly economically linked 
to the German economy, achieves better ratings than the 
Czech sample mainly in ability to identify trends and re-
spond to them as well as strategic alignment. While the 
availability of technologies and knowledge to develop new 
products / services is of high importance in all countries 
surveyed it draws more attention to the other areas, in which 
moderate innovators must improve in order to be able to 
compete on the future markets. The conclusions were based 
on results from comparative study, supported by the litera-
ture review. Research results and the main findings may 
serve managers from all companies that want to increase 
their innovativeness and competitiveness, mainly from less 
innovative countries. This study provides a unique insight in 
the topic of Industry 4.0, where we discuss the supporting 
areas that need to be secured in order to be able to imple-
ment the main changes that are discussed in the literature.

1. Literature review

For Industry 4.0 is characteristic vertical integration, hori-
zontal integration, application of technology and accelera-
ting through exponential technologies. Vertical integration 
means integration of intelligent manufacturing systems 
(intelligent factories, products, intelligent logistics, pro-
duction, marketing, services) with customer orientation. 
Horizontal integration refers to integration through new 
global networks that create added value (integration of 
business partners and customers, new business models, 
cooperation with other countries). Application of tech-
nology is provided throughout the value chain, not only 
in the production process but also in the whole product 
life cycle. Accelerating through exponential technologies 
means that technologies will be able to apply massively on 
the market because their price will drop rapidly and power 
will grow (e.g. sensors) (Deloitte 2015). The concept of 
Industry 4.0 consists of many technologies that describe it. 
These technologies are Cybernetic-Physical System (CPS), 
Internet of Things (IoT), Internet of Services (IoS), Big 
Data, Smart Factory, Interoperability and so on. CPS means 
connection of physical and virtual world where computers 
and networks monitor and control physical processes with 
feedback. IoT combines physical facilities over the network 
and gathers data for decision-making. IoS provides services 
through the Internet. Services are offered with added value 
from different suppliers through various communication 

channels. Big Data is a collection of various data from all 
divisions of company, also data from outside. Smart Factory 
helping people and the machine to perform tasks by gat-
hering information online (CPS communicates through 
IoT). We can determine the status of the facility, its posi-
tion, and so on. When combining the elements together, 
it is Interoperability. It connects CPS, people and Smart 
factories, communicating through the IoT and IoS (Herčko 
and Štefánik 2015, Bohan 2016, Clearpath team 2018). A 
successful company applies Smart Factory principles to its 
organization. Concept of Smart factory means a system of 
operations and production systems that are interconnected 
and flexible. Systems are integrated to adapt to new de-
mands. Smart factory combines manufacturing, informa-
tion and communication technologies. These technologies 
are integrated across the supply chain of manufacturing. 
It’s a paradise for efficiency, because there is no downtime, 
waste and systems have the ability to predict and adapt to 
changes in facilities. The company that runs Smart factory 
has better position in a competitive marketplace. The ba-
sic element of Smart factories is the data (Deloitte 2017, 
Clearpath Robotics 2018, Hessman 2013). 

The arrival of the Fourth Industrial Revolution will 
cause also changes in the structure of professions and spe-
cialization of employees. Demand for employees perform-
ing routine activities will decrease. Routine activities will 
be replaced by machines. New claims bring new professions 
and specializations. It will be needed to develop digital pro-
cesses for digital staffing. The success of the organization will 
depend on the skills of digitization workers. Companies will 
require data analytics capability and better organizational 
structure. According to some authors, five most required 
industrial IoT jobs for the next years will be: industrial data 
scientist, robot coordinator, IT/IoT solution architect, in-
dustrial computer engineer/programmer, industrial UI/UX 
designer (PWC 2016, Bendová 2018, Lueth 2015).

Preparation for Industry 4.0
According to a Cisco Systems survey conducted in April 
2011, approximately 50 billion facilities will be connected 
to the Internet by 2020. It represents 6.58 facilities per per-
son. Billions of them will be built into everyday necessities, 
from clothing to mobile phones and car parts (Pease 2013). 
Czech authors define 5 levels of digital forwardness. At 
the first level, there is a company that has an established 
information system for management of production and 
does not use internet. The company begins to consider 
digitizing processes, production, maintenance, product, but 
does not have a defined digital strategy. At the second level, 
companies have an interactive website, a software- driven 
business, automation, and are considering to build up a di-
gital strategy. Multi-channel solutions (web, mobile, tablets, 
social networks), defined digital strategy and integrated 
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automation (MES) are typical of the company’s at the third 
level of digital forwardness. For the fourth level of digital 
forwardness is characteristic an integrative, multi-channel 
digital solution in the digital world. The company has a 
distributed and personalized digital strategy and integra-
ted data architecture throughout the whole manufacturing 
chain. At the highest level, there are companies that have a 
digitization platform with online and off-line worlds in one 
integrated and economical unit. They apply the latest and 
most effective approaches (full automation, 3D press ...) 
through a cyber-physical system (Mařík et al. 2016). 

Particular, the industrialized countries are mostly fo-
cused on the preparation for transformation of the industry. 
Germany is a country where Industry 4.0 term was first 
introduced. Several government institutions, research cen-
ters and companies (SAP, National Academy of Sciences 
and Engineering, German Research Center for Artificial 
Intelligence and so on) are involved in the implementation 
of Industry 4.0 in Germany. The fourth industrial revolu-
tion is also recognized in Slovakia. According to Lacko, 
Slovak companies focus in particular on increasing the 
efficiency and effectiveness of internal processes (Lacko 
2018). Companies want to use technology primarily to save 
costs, increase competitiveness, replace lack of employees. 
Research shows, that 60% of companies have enough infor-
mation and knowledge about Industry 4.0 (Lacko 2018). 
For Czech Republic is the industrial sector very important 
part of economy as well. The Czech Republic has one of the 
highest shares of industrial production per GDP among EU 
countries (approximately 32% GDP) (Alm et al. 2016), thus 
the preparation for the upcoming and ongoing changes is 
of high importance.

Preparation of businesses to adopt to changes coming 
from Industry 4.0 directly stems from the core of this revo-
lution. In addition to implementation of new technologies, 
companies are also facing significant changes in strategy, 
education, processes, and the overall organizational culture 
that must be set up to support the introduction of many 
of these changes. While there is still a lack in research 
considering business transformation, it is already under-
stood that this transformation is needed to take advan-
tage of Industry 4.0’s potential. According to Christensen 
(Christensen 2006), the fundamental challenge of these 
disruptive technologies is “a business model problem, not 
a technology problem”. The business model may go through 
radical changes or incremental, which go hand in hand with 
transformation of its parts, such culture, education, strategy, 
processes etc. In all cases, top management must have a 
clear vision and commitment in order to create an environ-
ment where the digital culture will be in an acceptable form 
throughout the organization and employees will be willing 
to learn to work with new technologies (Dávideková et al. 
2017, PWC 2016) Managers face the question how to face 

the future and how they will respond to the changes that 
are waiting for them. Change cannot be a threat to manag-
ers but a way for developing new opportunities. Classical 
approaches should be replaced by knowledge, knowledge 
capital. Managers need to know that innovations do not 
develop each other at the same time, but they blend together 
(Častorál 2010). It will be inevitable to optimize the edu-
cational infrastructure while Industry 4.0 technologies are 
adopted (Rüßmann et al. 2015). Not only from the point 
of view of general education systems, but also internal em-
ployee education and development. The integration of em-
ployee knowledge, not only internal but also external, is the 
way to achieve competitiveness (Kach et al. 2015, Stachová 
et al. 2019, Pajtinkova Bartakova et al. 2017). Knowledge 
networks, as a way of sharing knowledge, are built on in-
volving external partners in the knowledge sharing process, 
whether they are universities, business partners, research 
institutions, suppliers, competitors etc. (Connell et al. 2014). 
Support of employee training by external subjects can sig-
nificantly improve the knowledge gathering and sharing 
process (Moron and Taylor 2004). It is indisputable, that 
the need for new concepts for managing of information and 
business administration will be stressing for more coopera-
tion and knowledge sharing aspects (Prause 2015).

Whether the overall education system includes only 
internal forms of education and development, or even ex-
ternal partners, it is an important area – an internal factor 
of the organization that will affect how fast and efficient 
companies adapt to Industry 4.0. However, in order to ex-
ploit the potential of human capital, it is imperative that an 
organizational culture is set up to promote the sharing of 
knowledge within the enterprise and beyond its borders as 
well as to encourage the innovativeness of its employees. 
The transition to Industry 4.0 is not just about implement-
ing new technologies and using them for a more efficient 
or cheaper processes in business, but more about taking 
advantage of opportunities for business innovation, its pro-
cesses, products, and so on. In order for enterprises to be 
able to defeat the competitors with innovation, it will be 
important to direct the resource utilization strategy (hu-
man, material, financial) to activity aimed at achieving new 
strategic positions and goals. In the current scholar litera-
ture, there is a very detailed discussion of the technologies 
that are being developed within Industry 4.0 and on the 
possibilities of their use mainly in industry, but the full use 
of their potential requires changes in the internal settings 
of the enterprises, which has not been deeply discussed yet.

2. Materials and methods

The research in this article is focused on the preparedness 
of enterprises for the Fourth Industrial Revolution. The 
survey was conducted through an electronic questionnaire 
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where we asked employees and business owners to evalua-
te selected areas in terms of quality, maturity and activity 
in the given areas. As a research sample, we chose com-
panies from five European countries, namely Slovakia, 
the Czech Republic, Austria, Germany and Switzerland. 
Selected countries are geographically close and economi-
cally linked (for example, Slovakia, Germany). Slovakia 
and the Czech Republic are culturally similar, and Austria, 
Germany and Switzerland are more advanced economies. 
The aim of the research was to analyze and compare the 
readiness of enterprises from selected countries to Industry 
4.0 from the viewpoint of the seven areas surveyed. 489 
Slovak companies, 419 Czech companies, 220 Austrian, 187 
German and 167 Swiss companies were analyzed within a 
research project during 2015–2018. The survey was taken 
in years 2015 and 2016. Differences between enterprises in 
the surveyed countries were analyzed using the Chi square 
test (χ2 test) to identify statistically significant differences. 

 Based on the nature of our variables 

(country comparison), non-parametric data analysis for 
categorical variables using Chi square test is appropriate 
for testing the significance of differences among sample 
groups. This statistical test was selected due to the aim of 
the article to compared and identify significant differences 
among countries surveyed.  The level of significance was 
tested at p = 0.05 and p = 0.01. In the analysis of individu-
al countries, we used descriptive statistics and evaluated 
the median, modus, standard deviation and coefficient of 
variation.

Research questionnaire was focused on the topic of com-
pany behavior and its links to the innovation performance. 
The respondents were mainly company owners or manag-
ers. The questionnaire was distributed directly to manage-
rial contacts in the firms in order to secure the ability of 
the respondent to answer the questions while having all the 
necessary information in order to do so.

Research question used in the questionnaire was 
“Evaluate the environment of your organization in terms 
of quality, maturity and activity in the following areas”:

– Internal system of education, knowledge manage-
ment and development;

– Level of external partnerships in education and 
knowledge acquisition;

– Level of operational coordination – organization of 
projects, processes and tasks;

– Level of strategic alignment of development plans 
with existing resources;

– Availability of technologies and knowledge to de-
velop new products / services;

– Corporate culture in relation to promoting innova-
tion and knowledge development;

– Ability to identify and analyze trends, ability to re-
spond to them. 

Respondents responded on a scale of 1–5, 1 representing 
low / no quality, maturity and activity, 5 representing very 
high quality, maturity and activity.

These seven areas in organizations were selected based 
on Sammerl’s innovation capability conception (Sammerl 
2006), where she discusses the key dimensions that define 
the innovation capability of enterprises. The innovation 
capability based on the literature review in our article is 
the precondition to be able to do radical or incremental 
changes that drive businesses to sustaining competitiveness. 
As key business transformations within Industry 4.0 are also 
built on technologies, we have added two other dimensions 
that greatly influence companies’ ability to innovate: the 
availability of technology and knowledge to develop new 
products / services and the ability to identify and analyze 
trends, the ability to respond to them.

3. Results

Table 1 shows the results of the analysis using descrip-
tive statistics for individual groups of enterprises in the 
countries surveyed. Slovak companies reached the highest 
average rating of 3.62 on “Ability to identify and analyze 
trends, ability to respond to them”. Most businesses ra-
ted above-average in this area, with assessment 4 – high 
quality, maturity and activity. Coefficient of variation was 
also the lowest in this area, 27%. The second best-rated 
area for Slovak enterprises was “Corporate culture in terms 
of promoting innovation and knowledge development” 
with an average rating of 3.54, where enterprises rated this 
area most frequently with assessment 4. In the other areas 
surveyed among Slovak enterprises, the 3-average value 
was the most represented, with the lowest average score 
being in the “Level of external partnerships in education 
and knowledge acquisition” of 2.93. In this area, only 10% 
of Slovak businesses perceive very high quality, maturity 
and activity.

Czech companies were rated worse than Slovak busi-
nesses in all areas. The highest average score of 3.37 was 
achieved by Czech companies in two areas of “Availability 
of technologies and knowledge to develop new products / 
services” and “Ability to identify and analyze trends, ability 
to respond to them”, with most businesses evaluating the 
area by assessment 3. In the case of “Corporate culture in 
terms of promoting innovation and knowledge develop-
ment”, the average rating was 3.33, but most enterprises 
rated the area with assessment 4. The average rating of less 
than 3 was similarly to that of Slovak companies in terms of 
“Level of external partnerships in education and knowledge 
acquisition” but also in the question of “Level of strategic 
alignment of development plans with existing resources”.

Austrian companies achieved higher average ratings in 
almost all areas than Slovak and Czech companies. In con-
trast to these groups, the average ratings were very similar 
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and ranged at 0.25 points. Austrian companies perceived 
the quality, maturity and activity most often above average 
(value 4), excluding the “Level of external partnerships in 
education and knowledge acquisition” and “Level of opera-
tional coordination – organization of projects, processes 
and tasks” where the average rating was 3). Deviations 
from the average rating were the lowest among all surveyed 
groups in the Austrian group.

In the case of German companies, the evaluation was 
higher in all areas compared to Slovak and Czech compa-
nies. In terms of evaluation structure, however, it was very 
similar to Slovak companies. German companies also per-
ceived the best “Ability to identify and analyze trends, ability 
to respond to them”, with an average rating of 3.67. Most 

businesses rated above-average in this area, with assessment 
4 in quality, maturity and activity, with up to 25% evaluating 
the area 5-very high. The same average rating of 3.67 was 
also in the area of “Corporate culture in terms of promoting 
innovation and knowledge development”. The lowest average 
score was in the “Level of external partnerships in education 
and knowledge acquisition”, 3.11. In the “Internal system of 
education, knowledge management and development”, the 
average rating was similar to that in Austria, but the distribu-
tion of responses was different. In Austria, more businesses 
rated 4 in comparison with 3 in Germany.

From the analysis of Swiss companies, the highest rating 
was again in “Ability to Identify and Analyze Trends, Ability 
to Respond to It” with an average score of 3.58, followed by 

Table 1. Results of statistical comparison of countries surveyed in selected areas (source: own processing)

   
Internal system of edu-

cation. knowledge manage-
ment and development

Level of external partners-
hips in education and 
knowledge acquisition

Level of operational  
coordination – organization 

of projects. processes  
and tasks

Level of strategic alignment 
of development plans with 

existing resources

Sl
ov

ak
 re

pu
bl

ic

Average 3.26 2.93 3.20 3.23
Median 4 3 3 3
Modus 4 3 4 3
Standard deviation 0.989999839 1.094220242 1.07170574 1.02491463
Coefficient of variation 30% 37% 33% 32%

Distribution        

           

C
ze

ch
 re

pu
bl

ic

Average 3.18 2.89 3.05 2.97
Median 3 3 3 3
Modus 3 3 3 3
Standard deviation 1.129904623 1.10380249 1.141260734 1.102888727
Coefficient of variation 36% 38% 37% 37%

Distribution        

           

Au
st

ria

Average 3.44 3.23 3.40 3.40
Median 4 3 3 3
Modus 4 3 3 4
Standard deviation 0.986520725 1.007195189 0.945804131 0.988560603
Coefficient of variation 29% 31% 28% 29%

Distribution        

           

G
er

m
an

y

Average 3.43 3.11 3.29 3.39
Median 3 3 3 3
Modus 3 3 3 4
Standard deviation 1.151087375 1.132554168 1.045505832 1.008726827
Coefficient of variation 34% 36% 32% 30%

Distribution        

           

Sw
itz

er
la

nd

Average 3.52 3.16 3.31 3.31
Median 4 3 3 3
Modus 4 3 4 3

Standard deviation 0.989999839 1.094220242 1.07170574 1.02491463

Coefficient of variation 28% 35% 32% 31%

Distribution        
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“Internal System of Education, Knowledge Management 
and Development” with an average rating of 3.52, which is 
the highest among all countries surveyed. The lowest aver-
age rating was in the area of “Level of external partnerships 
in education and knowledge acquisition” of 3.16.

From this analysis it can be reviewed that all compa-
nies surveyed perceive their abilities to identify and analyze 
trends, the ability to respond to them very positively. On 
the contrary, the area of education in the form of external 
cooperation is perceived the weakest, but mainly the Slovak 
and Czech enterprises are lagging behind. Similarly, Slovak 
and Czech enterprises were also weaker in the area of in-
ternal education.

Subsequently, we looked at the comparison of the number 
of enterprises in each country that rated the area 4–5, i.e. high 
to very high quality, maturity and activity. Figure 1 shows the 
percentages of enterprises. As in the case of a country-spe-
cific analysis, it can be observed that the highest ranking was 
achieved more frequently by firms from Austria, Germany 
and Switzerland than Slovakia and the Czech Republic on 
the issue of an internal education system and external part-
nerships in education. The Czech Republic achieved a high 
level of assessment for the level of strategic alignment only 
for 32% of enterprises, compared to 50% German companies. 
The most positive assessment was in corporate culture, where 
up to 64% of German businesses rated this area with a value 
of 4–5 to compare 47% of Czech enterprises.

A significant difference was found in the internal sys-
tem of education between Slovak and Czech companies 
compared to Austrian companies (more than 10%) and 
Slovak and Czech companies compared to Swiss companies 
(more than 12%). In the case of the level of external partner-
ships, significant differences were found between Slovak 
and Czech companies compared to Austrian, German and 

Swiss enterprises. It may be said that this is the weakest 
area to both countries, Slovakia and in the Czech Republic. 
Significant differences in the level of operational coordi-
nation were found only in the case of Czech companies 
compared to Austrian and Swiss companies. In the field of 
strategic alignment, the Czech companies were significantly 
less positive in ratings than Slovak companies. Slovakia is 
also significantly less positive in this area than Austria and 
Germany. No statistically significant differences were found 
regarding the availability of new technologies. An interest-
ing area is corporate culture where Germany achieves the 
highest results most frequently and significantly more than 
Slovakia, Czech and Austria. In the last area of trends, there 
is a significant difference found only in the Czech Republic 
compared to Slovak, German and Swiss. 

Based on Chi square test results we have identified sig-
nificant differences. In rows in Table 2 are presented coun-
tries that assessed the area with positive assessment signifi-
cantly more than companies from countries in columns. 

Thus, it can be concluded that Slovak and Czech en-
terprises are assessed significantly weaker in the field of 
education, whether they are internal forms or external 
partnerships for education. The fact that Slovak and Czech 
companies do not involve in external partnerships for ed-
ucation support the results of study by Bialic Davendra. 
The study analyzing cluster activities shows, that common 
training and education are much less conducted in Slovak 
and Czech clusters than in Austrian (Bialic Davendra et al. 
2014). Similarly, in the area of strategic alignment, both 
Slovak and Czech companies are significantly weaker. 
Interestingly, the Austrian, German and Swiss businesses 
are not significantly different in any area, which may also 
be due to the fact that they are stronger and more devel-
oped economies. The Czech Republic was rated weakest 

Figure 1. Percentage comparison of companies from countries surveyed that assessed each are with value 4–5 (source: own 
processing)
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in individual areas, but this may be partly influenced by 
the subjective stricter self-reflection of respondents, but in 
part the similarity of the results of the Slovak and Czech 
Republics can be observed. An important finding is that 
none of the countries surveyed significantly differentiated 
in the area of availability of technologies. This conclusion 
is not surprising since all the countries surveyed are in-
dustrially oriented, while according to World Bank Data, 
the share of industry (including construction) % of GDP is 
even higher in Slovakia and Czech Republic than in Austria, 
Germany or Switzerland (World Banka Data). The topic of 
technological change and the necessity of its adaptation is 
open in all countries surveyed, whether in a presentation 
at expert conferences, in the media, or in communicating 
the country’s strategic plans where new technologies are 
part of it. Our results supports the Digital Intensity Index. 
According to Europe’s Digital Progress Report 2017 and 
Digital Intensity Index (DII), Slovakia, Czech Republic and 
Germany are at very similar position in the percentage of 
very high/ high digitalization of enterprise, with the in-
crease since 2010. The automatization and robot technology 
is also an important part of Industry 4.0 technology, espe-
cially for manufacturing businesses. According to OECD 
Science, Technology and Industry Scoreboard 2017, Czech 
Republic and Slovakia have similar industrial robot stock 
over manufacturing value added as Germany, while with 
steeper increase since 2005 then Germany and the value 
being higher then OECD average as well as EU average. The 
reason why technology availability is similarly perceived 
among the more advanced and less advanced countries in 
our sample is also the fact that Industry 4.0 is implemented 

to foreign subsidiaries through plants owned by companies 
already implementing these technologies, which is the case 
of Slovak or Czech subsidiaries with the head business in 
Germany (Smit et al. 2016).

Conclusions

The ability of enterprises to innovate and to make changes 
is determined by a number of internal and external fac-
tors. The external environment is currently favorable to 
investment and innovation activities. Economic stability 
and long-term economic growth have ensured an undis-
turbed environment with low interest rates and no major 
fluctuations in capital markets. At the same time, there is 
an intense debate on Industry 4.0. Most states in Europe 
have built their own strategic documents, with a rich expert 
discussions, and their set strategic goals are also institutio-
nally supported. We are witnessing an increasing number 
of research articles on Industry 4.0.

Our research is dealing with the field of internal factors. 
The aim of our article was to assess the preparedness of 
enterprises for incoming changes and to identify the differ-
ences or common characteristics between the countries of 
the sample. Accordingly, we have identified some interesting 
findings. Germany is the main leader in the perception of the 
need and cultural predispositions for innovation. Almost in 
all the evaluated areas German companies achieved better 
results than other rated countries. They were significantly 
better than Slovakia, Czech and Austria in the question of 
corporate culture in terms of promoting innovation and 
knowledge development.

Table 2. Results of statistical comparison of countries surveyed in selected areas (source: own processing)

  SK CZ AT DE CH

Internal system of education, knowledge manage-
ment and development

AT (χ2 = 6.049)*
CH (χ2 = 6.715)**

AT (χ2 = 6.724)**
CH (χ2 = 7.375)** – – –

Level of external partnerships in education and 
knowledge acquisition

AT (χ2 = 7.333)**
DE (χ2 = 8.652)**
CH (χ2 = 5.881)*

AT (χ2 = 6.212)*
DE (χ2 = 7.467)**
CH (χ2 = 5.015)*

– – –

Level of operational coordination – organization 
of projects, processes and tasks – AT (χ2 = 3.894)*

CH (χ2 = 5.137)* – – –

Level of strategic alignment of development plans 
with existing resources

AT (χ2 = 5.751)*
DE (χ2 = 5.839)*

SK (χ2 = 5.853)*
AT (χ2 = 18.483)**
DE (χ2 = 17.894)**
CH (χ2 = 6.789)**

– – –

Availability of technologies and knowledge to de-
velop new products / services – – – – –

Corporate culture in relation to promoting inno-
vation and knowledge development DE (χ2 = 6.246)* DE (χ2 = 13.51)** DE (χ2 = 8.146)** – –

Ability to identify and analyze trends, ability to 
respond to them –

SK (χ2 = 11.891)**
DE (χ2 = 10.588)**
CH (χ2 = 6.767)**

– – –

Statistical significance level *p < 0.05, **p < 0.01
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Slovakia as a small and open economy, strongly eco-
nomically linked to the German economy, achieves better 
ratings than the Czech sample. This is mainly in strategic 
areas, namely the question about ability to identify and 
to analyze trends and the second question about level of 
strategic alignment of development plans with existing re-
sources. On the one hand, Slovak enterprises perceive the 
need to follow leaders in the sector to avoid losing their 
position. On the other hand, large companies operating in 
Slovakia are owned by foreign companies and thus imple-
ment changes coming from the headquarters environment. 
Consequently, the requirements for innovation and qual-
ity are passed on to their suppliers and subcontractors. In 
particular, the automotive and electrotechnical industry is 
at the forefront of the Slovak economy. Balanced results on 
the “Ability of technologies and knowledge to develop new 
products / services” are the result of the same issue being 
discussed in all countries. Companies have understood the 
importance of these technological changes, are interested 
in this issue, and thus feel the same preparedness for those 
changes. This may be a consequence of wider knowledge 
sharing at conferences and professional events taking place 
in the Central and Eastern European region. Local char-
acteristics are most evident in the education system and 
knowledge acquisition from external partnerships where 
Slovak and Czech companies are still less open to engag-
ing in external relations and also to support the education 
of their employees. Traditionally, in the Slovak and Czech 
economies, companies relied on a high-quality education 
system in the country and the staff coming from the schools 
trained. The low level of partnerships and the low ability to 
identify trends in enterprises in the Czech Republic lead to 
a significantly weaker strategic alignment of development 
plans with existing resources. 

Our recommendation for making changes is to inspire 
countries to educate their employees and share knowledge 
through effective partnerships. This partnering in educa-
tion can bring valuable information to businesses that want 
to take on the wave of innovation. Through partnerships, 
companies know more about the need for innovation and 
would be able to obtain alternative financial resources to 
realize the necessary investments in automation digitiza-
tion and others. 

Limitations

The limitation of our research is that in the given period, 
an external factors were not analyzed that could influen-
ce the economy in that particular period. For example, in 
view of the fact that the Czech Republic and Switzerland 
are not part of the Eurozone. The limit of our research is 
in the fact that it was a questionnaire research, to which 
it would be useful to add real data about the value of the 
investments in the given regions, as well as the qualitative 

nature of data could be supported with qualitative data 
which would allow us to realize more statistical analysis 
such regression. Another limitation of our study is in the 
research sample of Austrian, German and Swiss companies 
which is smaller compared to Slovak and Czech compa-
nies and is statistically representative only to the research 
sample. Slovak and Czech sample groups are statistically 
representative to the whole populations.

Future research

For the future research, we will want to examine the trends 
and time changes in companies’ approach to innovation. 
We think that it is important to look at the issues of internal 
preparedness for the development towards industry 4.0, 
precisely because they will influence the actual results. In 
this context, we can also analyze attitudes expressed for 
example by our questions in relation to quantitative results. 
For example, an interesting relationship may be the weaker 
readiness of the Czech Republic found in our research, 
compared to the results of IFR 2018. In the Industrial Robot 
Report 2018, the International Federation of Robotics (IFR.
ORG), Slovakia has installed by 21% more industrial robots 
per 10 000 employees compared to the Czech Republic.
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