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Abstract: The paper studies a new point of view and the approach to profit as an inherent part
of business finance as well as a symbol of every healthy economy. The fundamental function
of the profit is a stimulus; it means initial motivator of the business activity. The profit provides
core resources for survival at the business start and after the stabilization, it is the synonym for
progress. The aim of this paper is to detect significant change-points in times series of EBITDA
during the analysed period in every country of the Visegrad Group to recognize the progress years
in the monotonic development. We use a method of homogeneity test of time series that delivers
significant robust results. We observe the variable EBITDA to eliminate different tax, interest and
depreciation policies of these emerging countries. The original research of this article is based
on empirical results of business profits of the sample of 3,853 enterprises covered by the broad
theoretical review. Firstly, we identify missing values; and detect the outliers by Z-score and Grubbs
test. EBITDA of 1,058 Slovak enterprises, 688 Czech enterprises, 1,376 Polish enterprises and
731 Hungarian enterprises is analysed during the period from 2010 to 2018. We eliminate the
inconsistent observations and construct average values of EBITDA. Secondly, we prove normality
by Jarque-Bera test, and support it by Shapiro-Wilk test, Anderson-Darling test, Lilliefors test to
deliver reliable results. Thirdly, we find an independency of distribution that confirm randomness
by the Box-Pierce test. And finally, we identify the years that affect heterogeneity of EBITDA in
the countries of the Visegrad Four. We uncover some really surprising results. For all countries
in the Visegrad Four, the year 2013 is detected as a change-point at a significance level of 0.05.
This significant year shifts EBITDA between two homogeneous series with corresponding central
lines and recognizes the similar annual development within the groups. In addition, we discuss the
results to the areas and factors affecting the business risk. The adjustable area represented by the
business dynamism has no significant impact on the development of EBITDA. The uncontrollable
macroeconomic factors such as a GDP, unemployment rate, inflation rate, average monthly gross
wage, and Ease of doing business index demonstrate the same development of Slovak, Czech,
Polish and Hungarian enterprises. We connect our gained results to the undisputed influence of
these factors and its derived components on monotonic development of EBITDA. Despite the fact,
that the countries are not economically interconnected as they used to be in the past, in has to be
underlined that their mutual relations are still very narrow and close and that might be the reason,
why identical results are achieved in the countries with divergent development.
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Introduction

Globalization is the process of international
integration arising from the interchange of
world views, products, ideas and other aspects
of the culture. Globalization brings together
new opportunities also new threads (Vagner,
2016). Many studies have been published that
assess business environment quality, risk,
determinants, and influencing factors (Rowland,
2019). The enterprises must define the nature
of the profit, the conditions of its creation,
their importance for society, the legislative
framework, the particular aim and also the
financing conditions in the country (Vagner &
Zadnanova, 2019) to be on the side of winners
in the global market. The aim of this paper is to
detect significant change-points in times series
of EBITDA during the analysed period in every
country of the Visegrad Group to recognize the
progress years in the monotonic development.
We identify the research gap in this issue
because no studies focus on homogeneity of
time series of business profit both in the area
of Visegrad group and in the European Union.
Detection of the change-points (break years
within the development) in time series of profits
in Visegrad Four has not been realized and the
results of the analysis should be highlighted
not only for the theoretical importance but
also for the importance for business practice.
To show the break point, when the changes in
the profit development occurred – dividing the
development into two homogenous series – and
gain the causes of their existence could mean
the starting point to understand them, used
them and finally, even to force them to more
change-points with positive consequences.
The results of the analysis play an important
role in the research on the earnings management
phenomenon in the selected European countries,
where the incentive is to reveal the existence of
earnings management by time series analysis.
The investigation of the presence of manipulation
with earnings in these countries may contribute
to the justification of earnings management
occurrence. As the issue of the manipulation
with earnings in these countries is discussed by
researchers and academicians only in Poland,
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and the level of knowledge in other three
countries remains unexplored, the significance
of the analysis of unique country samples has
to be underlined. Determination of earnings
management practices has to be depicted as
it is a significant factor of business partners’
protection against risks which can appear if
distorted and incomplete information is presented
by the enterprises in their financial reports.
Our paper is structured as follows. Firstly,
the theoretical background is presented,
concentrating on the analyses of different
aspects associated with the issue of business
profits. Secondly, the materials used and
methods applied in this research are portrayed.
The next part of the paper presents the research
results and analyses the results in detail. Finally,
the limitations of the study, potential areas of
further research as well as the conclusions are
discussed.

1. Theoretical Background

The theoretical background of the paper
focuses on four main domains which have
significant effect on the success of the
corporate transformation process. They reflect
the basic functions of corporate earnings; to
be able to make decisions about the crucial
economic issues of an enterprise, to ensure
key sources needed for the sustainable
development of a company and its innovation
policy and to redistribute the earnings achieved
(e.g. corporate citizenship) in order to boost the
performance of enterprises.

1.1	Maximization versus Ethics

Entrepreneurship is a process that recognizes
opportunities in the environment or society
which involves mobilizing resources in providing
improved goods and services with the aim of
profit maximization as a reward of risk-taking
(Kowo et al., 2019; Belás & Sopková, 2016).
Risk management represents a significant
contribution to the increasing competitiveness
of enterprises and their profits in changes of
the business environment (Hudakova et al.,
2018). Anand et al. (2019) solve the profit
maximization problem by optimization of the
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overall advertising duration and advertising
take-off point. An algorithm to solve the optimal
solution is also provided by Chuang and Wu
(2019). They maximize the profit by determining
the supplier’s optimal process mean and
investment amount, the retailer’s optimal
number of shipments, order and maximal
backorder quantities. Shahriar et al. (2016)
examine whether the profit orientation affects
its decision to extend loans. According Rahman
et al. (2017) risky borrowers need to pledge
collateral and the reduction of asymmetric
information can lower the incidence of collateral
for firms. Rahman et al. (2018) show that
service-oriented firms use less trade credit than
manufacturing firms. Primeaux and Stieber
(1994) and Primeaux (1997) propose a model
for business ethics which arises directly from
business practice. This model is based on
a behavioural definition of the economic theory
of profit maximization and situates business
ethics within opportunity costs. Within that
context, they argue that good business and
good ethics are synonymous, that ethics is at
the heart and centre of business, that profits
and ethics are intrinsically related. The most
successful enterprises are those which have
realized that their greatest assets are their
employees and therefore take special care
of them (Angelova et al., 2017). Manish and
Sutter (2016) oppose that entrepreneurs are
motivated not only by the desire to maximize
profits but also by the desire for mastery. The
economy and the digital age have changed the
nature of work and management. More people
than ever before need to master ethical thinking
skills (Friedman et al., 2019). The efficiency
argument for the for-profit maximization says
that corporations and their managers should
maximize profits because this is the course of
action that will lead to an ‘economically efficient’
or ‘welfare maximizing’ outcome (Jensen, 2001,
2002). Hussain (2012) criticizes these studies
and argue that the fundamental problem with
this argument is not that markets in the real
world are less than perfect, but rather that the
argument does not properly acknowledge the
personal sphere. Morality allows each of us
a sphere in which we are free to pursue our
personal interests, even if these are not optimal
from the social point of view. But the efficiency
argument does not come to terms with this
feature of social life. Singer (2013) argues that
Hussain’s strategy of seeing the corporation

as an extension of the private sphere is not
a very effective way of challenging the profitmaximization norm, but Kristofik et al. (2019)
and Robson (2019) reply Hussain (2012)
and argue that even if firms are required to
maximize their social welfare contributions,
they are not necessarily required to maximize
their profits. Anderson et al. (2018) examine
the possible pathways to the profit; the impact
of improvements in marketing skills relative to
finance skills. These gains differ substantially
between the two groups. The marketing
group achieves greater profits by adopting
a growth focus on higher sales, greater
investments in stock and materials, and hiring
more employees. The finance group achieves
similar profit gains but through an efficiency
focus on lower costs. Podhorska et al. (2019)
connect these two groups. They investigate
the correlation between profitability included
in the category of financial-economic analysis
and goodwill of enterprises represented by
residual incomes. Significant dependence
between these variables is detected. Managers
are often caught between the expectations of
ethical consumers and the profit-maximizing
expectations of the investors (Kotek et al.,
2018). It has been the traditional belief that
profits and ethics are at odds with each other
in the world of business. Corporate governance
appears to be a hindrance or a drag on profit
maximization (Ghosh et al., 2011). Ghosh et al.
(2011) show that moral codes, public interest
and social values pose no threat to profit
maximization of any firm. Gazzola et al. (2019)
explore various motivations and take into
consideration both extrinsic and intrinsic drivers
also monetary and nonmonetary benefits. The
conceptual and structural model mainstreams
a motivational continuum starting from profit
maximization to development.

1.2	Sustainable Development
to Industry 4.0

It was only in the 20th century, with the
unification of large-scale industry and finance
capital that the modern notion of profitability
as return on capital employed finally
developed (Toms, 2010). Aram and Cowen
(1990) highlight the need of the development
of effective management teamwork out of
a planning process for increased profit and
details the investment required in strategic
process development which would guarantee
3, XXIII, 2020
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the critical five per cent difference to ensure
the successful growth and adaptability of the
company. The proposal of Altman and Dillon
(2005) can be conceptualized as a profitrelated loan scheme or as a form of capped
public investment. It seeks to address key
elements of the market failure that exist in
relation to financing development. George
and Kabir (2008) examine the phenomenon
of profit redistribution in business groups and
relate redistribution with the underperformance
of group-affiliated firms relative to unaffiliated
firms. The study also documents that profit
redistribution is more pronounced in groups
of large sizes and high levels of corporate
control. The study of Leite et al. (2013) aimed
to analyse and test the development of an
alternative business performance metric: profit
per employee (PE). An empirical study showed
that the correlation between PE and share
prices was higher and more significant than
the correlation with traditional metrics for the
firm most intensive in intellectual capital. For
the other firms, traditional metrics presented
higher correlation. The concept of Industry 4.0
marks a new phenomenon of modern business.
Industry 4.0 and its other synonyms such as
Smart Manufacturing, Smart Production or
the Internet of Things have been identified as
major contributors in the context of the digital
and automated manufacturing environment.
The term Industry 4.0 comprises a variety of
technologies to enable the development of the
value chain resulting in reduced manufacturing
lead times, as well as improved product quality
and organizational performance (Kamble
et al., 2018). Felstead (2019) develops
a conceptual framework based on a systematic
and comprehensive literature review on
systems in Industry 4.0 to keep the business
profitable. Furnham (2019) performs reviews
and advances existing literature concerning
big data-driven algorithmic decision-making to
estimate profits. Trigos and López (2019) add to
these systems by design, capacity, maintenance
and salvage value. Hayhoe et al. (2019)
inspect the relevant literature on sustainable
manufacturing in Industry 4.0, providing both
quantitative evidence on trends and numerous
in-depth empirical examples to being profitable
in the context of Industry 4.0. Stanovcic et al.
(2016) find that firms in which top management
supports the development of employees’ idea
and have regular employees’ meetings related
104
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to innovative activities are likely to report higher
profit generated by innovations. Authors’ results
underline the crucial role of human resource
practices in the process of innovations that
generates profitability for firms.

1.3	Innovations as a Driver

Modern economy is permanently evolving and
becoming more interdependent, especially
in the age of globalization (Krastev et al.,
2020). The rapid reshaping of the global
economic
order
requires
fundamental
shifts in international business scholarship
and management practice (Petricevic &
Teece, 2019). The response to these global
phenomena may be the ability to understand
and implement business innovations and profit
from them. The final, third development stage of
each country is also named Innovation-driven
stage. Hallberg and Brattström (2019) show
that knowledge revealing may have a positive
effect on profits when there are strong indirect
network effects; when firms are protected from
imitation by causal ambiguity, complementary
assets, and intellectual property; and when
the innovating firm faces high technological
uncertainty. Tuyls and Pera (2019) provide
theoretical and empirical research on
innovative data-driven systems. Capponi et
al. (2019) investigate the use and perceived
effectiveness of different appropriate strategies
in the context of break through innovations.
They find that firms consistently combine formal
and informal intellectual property to prevent
imitation and that their strategies can vary over
time according to the phase of development of
the innovation and lead to increasing business
profit. Desyllas and Sako (2013) explicate the
complex mechanism and dynamic capability
for business profit from business model
innovation. Their paper examines how an
incumbent firm could increase profit from the
approach of business model innovation and
how long-term competitiveness depends on the
specialized complementary asset. The study
of Su et al. (2013a) examines the moderating
effects of legal, marketing, and technological
capabilities on the relationship between product
innovation and firm performance in different
environmental conditions in order to identify
how a firm can leverage these capabilities to
profit from product innovation. It is an addition
of the previous study of Su et al. (2013b)
in which they point out that R&D capability
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and marketing capability are two important
generators of business profit. Pinxterhuis et al.
(2019) suggest that the key principles, enablers
and barriers, sourced from literature, provide
a framework for regular reflection that will help
to maintain a co-innovation approach and to
define interventions or adjustments of project
activities to improve the profit. Lazonick et al.
(2013) discuss that Apple is changing business
model of large firms. By employing the theory
of innovative enterprise to analyse how over
the course of its history Apple became so
profitable, they argue that there is no economic
justification from a risk-reward perspective
for this distribution to Apple’s shareholders.
Taxpayers and workers have superior
claims on these profits. Vranceanu (2014)
assesses that large firms manage to deliver
positive profits even in the most competitive
environments. They can do so, thanks to
internal entrepreneurs, a subset of their
employees able to drive change and develop
innovation in the workplace. Krech et al. (2015,
2018) map profiting from the invention. Authors
identify four groups of patent aggregating
companies based on the profits provided to
the original patent holders: the guarders, the
shielders, the funders and the earners. Hu et
al. (2017) differentiate technological leaders
and latecomers. Their results demonstrate that
innovations affect the profits of technological
leaders as well as latecomers in different ways
resulting in a relationship where the two play
complementary roles. The study of Kim et al.
(2019) try to ensure the genuine causality of
profit and also it turns out practically useful.
This paper develops a business model schema
as a holistic two-dimensions multi-level tool/
method for business model innovation based
on the direct causal mechanisms of profit.
Bogliacino and Pianta (2012) firstly, invest
the ability of industries’ R&D efforts to turn
out successful innovations and secondly,
the ability of innovations to lead to high
profits and Janoskova and Kral (2019) mark
innovative activity as an important source of
competitiveness. Li et al. (2010) warn against
R&D blindness because of the fact that
innovating firms sometimes fail to obtain profits
from product innovation. The multiple-case
study of Garst et al. (2017) investigates the
connecting motive of the responsibility besides
the motive of the probability of the firms for
product innovation. Their study highlights the

importance of having both profit and moral
motives in the innovation process when aiming
for socially responsible outcomes, and how
both these motives contribute and interact.

1.4 Corporate Social Responsibility
or Not?

Successful global companies in the 21st century
have no doubts about the need to be socially
responsible and developing a number of
diverse activities that are involved in improving
the business condition (Moravcikova &
Krizanova, 2016). One common justification
for the pursuit of profit by business firms
within a market economy is that profit is not
an end in itself but a mean to produce and
allocate resources more efficiently (Smith,
2018). Jeon et al. (2020) argue with Jones
(1995) that corporate social responsibility
can contribute to a company’s profits through
the favourable influence of corporate social
responsibility initiatives on its relationships with
its stakeholders. This economic dimension is
also included in Corporate Social Performance
model proposed by Carrol (1979) and extended
by Carrol (1998). Presented economic
dimension explains generating profits for
stakeholders, creating jobs, and promoting the
creation of innovative services and products.
Friedman (1970) highlights that the only social
responsibility of business is to increase its
profits. Mulligan (1986) deals with a critique of
Friedman essay that the social responsibility
of business is to increase its profits. Freeman
(1984) provides a more inclusive stakeholder
perspective. McWilliams and Siegel (2001a)
create a model of profit-maximizing corporate
social
responsibility
demonstrating
that
common ground exists between Friedman’s
agency theory perspective (shareholders only)
and Freeman’s more inclusive stakeholder
perspective. They clarify some misconceptions
regarding their model (McWilliams & Siegel,
2001b). If managers engage in the types of
corporate social responsibility they identify,
managers simultaneously satisfy shareholders
and other primary stakeholders (i.e. consumers).
Profit-maximizing corporate social responsibility
also allows reconciling the conflicting empirical
evidence of the impact of corporate social
responsibility
on
financial
performance
(McWilliams & Siegel, 1997, 2000). Their model
specifically demonstrates that, in equilibrium,
3, XXIII, 2020
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corporate social responsibility should have
a neutral impact on performance. Furthermore,
a model of profit-maximizing corporate social
responsibility allows assessing the strategic
implications of corporate social responsibility
(Siegel, 2001). McWilliams et al. (2006)
describe a variety of perspectives on corporate
social responsibility, which they use to develop
a framework for consideration of the strategic
implications of corporate social responsibility.
Blomgren (2011) investigates the relationship
between corporate social responsibility and
profits while avoiding the most important
methodological pitfalls of the quantitative
research and acknowledging the distinction
between corporate social responsibility as
a strategy for achieving average profits and as
a strategy for achieving above-average profits.
Socially responsible activities help create
business profit, develop strategic resources,
and insure against risks, but on the other hand,
also cost money and distract management
(Wang & Bansal, 2012). Gil Salmerón (2016)
questions: Can the most responsible companies
be more profitable? His study proves the higher
level of corporate social responsibility used,
the more profitable the companies are. These
conclusions are determined from a linear
regression analysis comparing the Return on
Assets. The redistribution of part of business
profit to the employees is a credible commitment
on the part of companies to allow their
employees to participate in any efficiency gain.
The employees are motivated to share their
specific information advantage on possibilities
to optimize the production process and products
with the management (Aerts, Kraft, & Lang,
2015). The survey of Krizanova et al. (2016)
has shown that for employees, it is important
to work for a socially responsible employer.
Satisfied employees significantly contribute to
the strengthening of the business profit.

2.	Materials and Research
Methodology

The secondary sources are observations of
earnings before interest, taxes, depreciation
and amortization (EBITDA) of Visegrad Four’s
enterprises. 1,347 Slovak enterprises, 859
Czech enterprises, 2,554 Polish enterprises
and 880 Hungarian enterprises were extracted
from the Amadeus database (provided by
Moody’ s analytics company Bureau van Dijk)
capturing years 2010 to 2018. The variable
106
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EBITDA is chosen to eliminate different tax,
interest and depreciation policies of these
emerging countries. The enterprises have
to meet three set criteria: the value of total
assets at the minimal level of 3,000,000 EUR;
the value of total sales at the minimal level of
2,000,000 EUR; the value of net income at least
100,000 EUR. These criteria were applied to
recognize only the financial stable enterprises
and to analyse business entities of the same
economic and financial background to mitigate
the problems of the classification by size, year of
operation or turnover achieved. In the research,
a purposive sampling was used, thus the sample
of enterprise is considered representative.
Purposive sampling is a sampling technique in
which researcher relies on their own judgment
when choosing members of population to
participate in the study (e.g. Singh & Masaku,
2014). This type of sampling can be very useful
in situations when there is a need to reach
a targeted sample quickly, and where sampling
for proportionality is not the main concern.
Following methodological steps were used:
1. The detection of outliers: Genuine outliers
are typically treated in one of the following
ways: keep the outlier and treat it like any other
data point, winsorise it or eliminate it (Ghosh &
Vogt, 2012). The winsorising and eliminating
introduce statistical bias and may undervalue
the outlier, while keeping it and treating it like
the other points may overvalue it and cause
the estimate to vary drastically from the true
population value (Ghosh & Vogt, 2012). We
prefer robust statistics and results insensitive to
outliers, we decided for the third choice to drop
all outliers from the sample.
Different techniques and tests exist to
determine if some observations are outliers.
Some visual methods are frequently used as
a boxplot or adjusted boxplot. Z-scores are very
popular method for labelling outliers (Garcia,
2012). The problem with Z-score may occur in
a small data set, because of affecting the mean
and the standard deviation by outliers and it
is necessary to modify Z-score. We choose
Z-score to detect outliers in this research. Our
research contains great/huge samples from all
the countries of the Visegrad Four that is way
we may use not modified Z-score.
Nevertheless, it would be dangerous to
blindly accept the result of only one technique
without the judgment of another expert method
(Garcia, 2012) we may support Z-score by
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another test used to detect outliers. ShapiroWilk W test is quite widely used but Cochran
test, Dixon test and Grubbs test provide better
results in identification. Cochran test detects
crude errors. It is designed based on simple
statistics – the ratio of maximum (or minimum)
variance to the sum of all variances (Komsta,
2006). Simple statistics was already used
in Z-score, more sophisticated approach is
needed. Garcia (2012) discusses the possibility
of the occurrence of the situations of additional
outliers by Dixon test. We must minimize the
effect of outliers, thus we decided to support
Z-score by Grubbs test. Grubbs test detects one
outlier at a time assuming a normal distribution.
This outlier is expunged from the dataset and
the test is iterated until no outliers are detected.
Testing if the minimum or maximum values are
outliers or testing of two opposite outliers are
possibilities of Grubbs test (Garcia, 2012). First
test was selected and also Garcia (2012) notes
that this test is also called Modified Thomson
Tau or the maximum normed residual test.
2. The normality proving: Normality is often
a maintained assumption in estimation and finitesample inference (Bai & Ng, 2012). Basically,
normality is checked using Q-Q plot, histogram,
boxplot and steam-and-leaf-plot. These graphical
methods are supported by numerical methods
as a skewness and kurtosis. Formal normality
test should be performed before any conclusion
about the normality of the data. There are nearly
40 tests of normality in statistical literature
(Dufour et al., 1998). The tests in question are e.g.
Chi-squared, Kolmogorov-Smirnov, AndersonDarling, Kuiper, Shapiro-Wilk, Ajne, modified
Ajne, modified Kuiper, D’Agostino, modified
Kolmogorov-Smirnov, Lilliefors test, Vasicek,
and Jarque-Bera tests, etc (Yazici & Yolacan,
2007; Razali & Wah, 2011). Bai and Ng (2005)
recommend to test the normality of time series
data by Jarque-Bera test. We supported this test
by Shapiro-Wilk W test, Anderson-Darling test,
Lilliefors test. Shapiro and Wilk (1965) test was
originally restricted for sample of less than 50
observations. Chen (1971) highlights the power
of the Shapiro-Wilk W statistic demonstrated
favourable sensitivity in testing normality under
different contaminated normal distributions.
Lilliefors test is a modification of the KolmogorovSmirnov test. It is preferred in the cases when
it is difficult to initially or completely specify the
parameters as the distribution is unknown, which
is typical of our research. Grubbs test focuses on

outliers from the minimum or maximum values
and we complementary performed AndersonDarling test (modification of the Cramer-von
Mises test) to give more weights to the tails
of distribution by proving normality (Farrell &
Rogers-Stewart, 2006; Razali & Wah, 2011). We
do not also verify the constant variance over time
because of the period of time series is very short.
3. The indication of independency distribution:
The occurrence of the autocorrelation means
that the data are not independently distributed.
The Box-Pierce and Ljung-Box tests are
portmanteau tests generally used to test the
independence in time series data. These
tests can also be applied to the squares of the
observations to detect independence (Warriyar
et al., 2016). Box and Pierce (1970) perform
test of the randomness at each distinct lag in
their study. Ljung and Box (1978) modify this
test to overall randomness. We prefer the
robustness of the Box‐Pierce statistic to test
if the finite‐sample performance of financial
time series is uncorrelated without assuming
statistical independence.
4. The detection of homogeneity:
Homogeneity tests enable to determine if time
series may be considered as homogeneous over
time, or if there is any point (in our case a year)
at which a change occurs. Many methods have
been proposed to test the homogeneity. We
prefer nonparametric tests in our case of annual
data that are robust to large data gaps (Meals
et al., 2011). Kanovsky (2018) and Agha et al.
(2017) recommend to select from Standard
Normal Homogeneity test (SNHT), Buishand
test (BR), Von Neumann (VNR) and Pettitt’s
test. We run Pettitt’s test using 10,000 Monte
Carlo simulations to test homogeneity because
of this test is the non-parametric rank test that
can reveal the single break point (month or year)
at a continuous data (Pettitt, 1979). According
to Pohlert (2020), Pettitt’s tests the H0: The T
variables follow one or more distributions that
have the same location parameter (no change),
against the alternative: A change point exists.
The non-parametric statistic is defined as:
(1)
where:
(2)
3, XXIII, 2020
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The change-point of the series is located at
KT, provided that the statistic is significant. The
significance probability of KT is approximated
for p-value ≤ 0.05 with:
(3)
The analysis allows us to formulate the
following hypotheses which are verified at the
significance level alpha 0.05:
Hypothesis1A-D: There is a date at which
a change in the data of EBITDA of Slovak, Czech,
Polish and Hungarian enterprises occurred.

3.	Research Results

The first point of the research is to identify an
amount and the existence of missing values in
origin sample and remove them. After removal
of incomplete data, the subsequent evaluation
of the existence of outliers in observations
of EBITDA of Slovak, Czech, Polish and

Tab. 1:

Hungarian enterprises is realized by Z-score
and verified by Grubbs test. Their occurrence in
the sample could cause changes in the results
of statistical tests and procedures (Svabova &
Durica, 2019).
H0: There is no outlier in the data of EBITDA.
H1: There is at least one outlier in the data
of EBITDA.
As the computed p-value is lower than the
significance level alpha, one should reject the
null hypothesis H0, and accept the alternative
hypothesis H1, based on Tab. 1. There is at
least one outlier in the observations of EBITDA.
This situation happened for all of the countries
of Visegrad Four.
The existence of missing values and outliers
caused the reduction of origin subsamples
in all cases (Tab. 2). Together 289 missing
values and outliers were identified in the Slovak
sample; 171 in the Czech subsamples, the
biggest reduction was in Polish observations
(1,178 cases) and 149 in Hungary.

Grubbs test

Grubbs test
G (Observed value)

Slovakia

Czechia

Poland

Hungary

23.298

24.187

35.059

27.116

4.076

3.952

4.131

3.970

< 0.0001

< 0.0001

< 0.0001

< 0.0001

G (Critical value)
P-value (Two-tailed)

Source: own

Tab. 2:

Numbers of observations

Samples
Origin
Outliers
Final

Slovakia

Czechia

Poland

Hungary

1,347

859

2,554

880

289

171

1,178

149

1,058

688

1,376

731
Source: own

Based on annual results of earnings before
interest, taxes, depreciation and amortization
of 1,058 Slovak enterprises, 688 Czech
enterprises, 1,376 Polish enterprises and
731 Hungarian enterprises the last step was
constructed considering the data preparation
and it is the calculation of and annual average
108
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of Visegrad group’s enterprises during the
analysed nine-year period (Tab. 3).
To provide reliability, robustness and
consistency of the results, it is necessary to
prove normality. For the importance of this
analytical step, four normality tests were run to
ensure the quality of the results: Jarque-Bera
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Tab. 3:
Year

Average EBITDA [thousands EUR]
Slovakia

Czechia

Poland

Hungary

2010

1,471.379

4,526.141

1,534.720

1,410.031

2011

1,499.398

4,649.366

1,531.875

1,430.479

2012

1,505.252

4,904.937

1,609.707

1,554.215

2013

1,551.384

4,645.056

1,753.624

1,857.260

2014

1,738.280

5,031.779

1,900.449

2,084.514

2015

1,917.288

5,458.817

2,083.086

2,365.801

2016

2,046.715

5,564.691

2,213.171

2,614.866

2017

2,132.926

5,949.365

2,448.194

2,836.100

2018

2,191.428

5,952.932

2,533.370

3,033.357
Source: own

Tab. 4:

Normality tests
Test/Country

Slovakia

Czechia

Poland

Hungary

Jarque-Bera test (Two-tailed)

0.589

0.638

0.662

0.670

Shapiro-Wilk test (Two-tailed)

0.111

0.217

0.326

0.419

Jarque-Bera test (Two-tailed)

0.145

0.301

0.487

0.563

Lilliefors test (Two-tailed)

0.182

0.684

0.809

0.730
Source: own

test, Shapiro-Wilk test, Anderson-Darling test
and last but not least Lilliefors test.
H0: The variable which the sample was
extracted from follows a normal distribution.
H1: The variable which the sample was
extracted from does not follow a normal distribution.
Running of four tests of normality proving
is realized because each test has its own
importance for the analysis. Firstly, we use
the Lilliefors test because the distribution
is unknown, and it is difficult to specify the
parameters initially. Secondly, our sample
consists of a nine-year period that is why we
have to use Shapiro-Wilk test given for the
sample that involves less than 50 observations.
Thirdly, it is necessary to focus on the tails of
distribution and it is proved by the AndersonDarling test. Finally, we highlight the financial
data of EBITDA in the time period and
considering this fact, the Jarque-Bera test is
recommended for time series modelling.
As the computed p-value is greater than the
significance level alpha, one cannot reject the null

hypothesis H0, based on Tab. 4. The hypothesis
that average Slovak, Czech, Polish and Hungarian
earnings before interest, taxes, depreciation and
amortization are normally distributed was not
rejected for all cases as well as all tests.
After proving normality, one more statistical
testing is to be done before searching the year
of change in time series of EBITDA. We must
confirm independency of distribution, it means,
that there is no serial correlation in subsamples.
This randomness of the sampling process is
verified by Box-Pierce test.
H0: The data are independently distributed
(the correlations in the population which the
sample is taken from are zero, so that any
observed correlations in the data result from the
randomness of the sampling process).
H1: The data are not independently
distributed (they exhibit serial correlation).
As the computed p-value is greater than
the significance level alpha, one cannot reject
the null hypothesis H0, based on Tab. 5. The
hypothesis that average Slovak, Czech, Polish
3, XXIII, 2020
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Tab. 5:

Box-Pierce test
Box-Pierce test

Value
P-value (Two-tailed)

Slovakia

Czechia

Poland

Hungary

10.570

8.287

9.228

9.500

0.103

0.218

0.161

0.147
Source: own

and Hungarian earnings before interest,
taxes, depreciation and amortization are
independently distributed was not rejected.
Finally, we tested the hypotheses to
achieve the main aim of the paper. All of them
are related to the detection of the existence
of the “change-point” in EBITDA of Visegrad
countries. Hypotheses were tested by Pettitt’s
test using 10,000 Monte Carlo simulations.
H0: Data of EBITDA are homogeneous.
Hypothesis1A: There is a date at which
a change in the data of EBITDA of Slovak
enterprises occurred.
Hypothesis1B: There is a date at which
a change in the data of EBITDA of Czech
enterprises occurred.
Hypothesis1C: There is a date at which
a change in the data of EBITDA of Polish
enterprises occurred.
Hypothesis1D: There is a date at which
a change in the data of EBITDA of Hungarian
enterprises occurred.
As the computed p-value is lower than the
significance level alpha, one should reject the
null hypothesis H0, and accept the alternative
hypothesis H1, based on Tab. 6. There is one
year at which there is a change in the data
of EBITDA. This is confirmed for all of the
countries of Visegrad Four. The Pettitt’s test not
only detected the occurrence of the changepoints of EBITDA and also set the year that

Tab. 6:

was significant in the development of EBITDA
of Slovak, Czech, Polish and Hungarian
enterprises. Surprisingly identified fact of our
result is that all the countries have the same
significant year. It is the year 2013, what is
supported and demonstrated on Fig. 1. This
year divides the development of the business
profit into two homogeneous series, which
values of the central lines are also shown.
Identified significant year caused the positive
change in monotonic development of time
series of EBITDA. We might argue, based
on our research that despite the fact that the
countries are not in one bloc of controlled
countries for three decades, but the influence
is still so strong that the developments of
Slovakia, Czechia, Poland and Hungary vary,
but the final result is uniform.
Fig. 1 does not only involve the indicated
year 2013; this year divides the development
of the business profit into two homogeneous
series, which values of the central lines are
also shown. The level of set central lines
is 1,507,000 EUR to 2013 and 2,005,000
EUR for Slovak enterprises since 2013. The
difference is 490,000 EUR between these
fictionally calculated periods of development
of EBITDA. In the Czech enterprises, the level
of calculated central lines is 4,681,000 EUR
to 2013 and 5,592,000 EUR since 2013. The
difference between these calculated periods

Pettitt’s test
Pettitt’s test

KT

Slovakia

Czechia

Poland

Hungary
20.000

20.000

20.000

20.000

t (significant change-point)

2013

2013

2013

2013

mu1 [thousand EUR]

1,507

4,681

1,607

1,563

mu2 [thousand EUR]

2,005

5,592

2,236

2,587

P-value (Two-tailed)

< 0.0001

< 0.0001

< 0.0001

< 0.0001
Source: own
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Fig. 1:

Change-points in Visegrad Four

Source: own
Note: Dotted line EBITDA, dashed line mu1, dash-dotted line mu2.

of development of EBITDA is 911,000 EUR. In
Poland, the level of set central lines is 1,607,000
EUR to 2013 and 2,236,000 EUR since 2013.
The difference means 629,000 EUR between
these fictionally calculated periods of the
EBITDA development. The level of calculated
central lines in Hungary is 1,563,000 EUR to
2013 and 2,587,000 EUR since 2013. The
difference means 1,024,000 EUR. All the
indicated differences in central lines oscillate
from 490,000 EUR to 1,024,000 EUR, which
does not reveal big discrepancies within the
enterprises from our purposive sample and
confirm that the same year 2013 was significant
for the EBITDA developments but also the level
of changes expressed in absolute values is
approximately uniform.

Discussion

We discuss our presented results related to the
business profit in Visegrad Group (every changepoints in times series of EBITDA is detected in
2013) to the areas and factors that could affect
them. We consider the development in these
four countries as very similar (alternative but
with the equal nature of the result). Schwab
(2014) placed Slovakia, Hungary and Poland
in the stage of development to the stage of
Transition from stage 2 (Efficiency-driven) to
stage 3 (Innovation-driven) and Czechia to
stage 3. We support our discussion by data
from the global competitiveness reports from
2010 to 2019 from World Economic Forum and
EuroStat. Lemańska-Majdzik and Okręglicka
(2015) select based on comprehensive
3, XXIII, 2020
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Tab. 7:

Pettitt’s test of Adjustable area and Uncontrollable macroeconomic factors
Slovakia

Czechia

Poland

Hungary
8

Business dynamism
KT

17

14

16

t (significant change-point)

–

–

–

–

59.444

33.667

60.222

87.333

0.346

0.529

0.17

20.000

20.000

20.000

mu
P-value (Two-tailed)

0.117
GDP

KT

20.000

t (significant change-point)
mu1 [million EUR]
mu2 [million EUR]
P-value (Two-tailed)

2013

2013

2013

2013

71,269

159,984

381,539

100,384

82,301

181,724

446,353

117,267

< 0.0001

< 0.0001

< 0.0001

< 0.0001

Unemployment rate
KT

20.000

20.000

20.000

20.000

t (significant change-point)

2013

2013

2013

2013

mu1 [%]

14.1

7

9.95

10.85

mu2 [%]

9.8

4.06

6.3

5.5

< 0.0001

< 0.0001

< 0.0001

< 0.0001

P-value (Two-tailed)

Inflation rate
KT
t (significant change-point)
mu1 [%]
mu2 [%]
P-value (Two-tailed)

20.000

20.000

20.000

20.000

2013

2013

2013

2013

2.5

2.325

2.3

4.25

0

1.14

0.42

1.16

< 0.0001

< 0.0001

< 0.0001

< 0.0001
20.000

Average monthly gross wage
KT

20.000

20.000

20.000

t (significant change-point)

2013

2013

2013

2013

mu1 [EUR]

796

965

889.75

761.5

mu2 [EUR]

924

1,081

1,026

898.2

< 0.0001

< 0.0001

< 0.0001

< 0.0001

20.000

20.000

20.000

P-value (Two-tailed)

Ease of doing business index
KT

20.000

t (significant change-point)

2013

2013

2013

2013

mu1

45.75

69.25

53.5

56.5

mu2

34.6

30.2

27.4

43.6

< 0.0001

< 0.0001

< 0.0001

< 0.0001

P-value (Two-tailed)

Source: own
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literature review factors most affecting success of
the enterprises: type and size, profile of business
activity conducted, character of the environment,
economic cooperation on the market, adopted
strategy of action, implementation of innovation
and new technologies, staff satisfied with their
jobs, competent leader. They argue that it is
only fragment of a long list affected factors that
is why we divide the list to the adjustable area
and uncontrollable macroeconomic factors from
the side of the enterprises. We confirm that both
have the influence but the question is: Do they
both have significant impact on the business
profit characterised by EBITDA? We focus
a priory on: (i) adjustable area by the enterprises
that represents business dynamism; one of the
crucial pillars of the global competitiveness index.
It includes: cost of starting a business, time to
start a business day, insolvency recovery rate,
insolvency regulatory framework, attitudes toward
entrepreneurial risk, willingness to delegate
authority, growth of innovative companies,
companies embracing disruptive ideas (Schwab,
2019); (ii) uncontrollable macroeconomic factors
that represent GDP, unemployment rate, inflation
rate, average monthly gross wage, and Ease of
doing business index.
H0: Data are homogeneous.
H1: There is a date at which there is
a change in the data.
As in previous part, we run Pettitt’s test
using 10,000 Monte Carlo simulations to test
hypotheses.
As the computed p-value is greater than the
significance level alpha, one cannot reject the
null hypothesis H0, based on Tab. 7. There are
no years where a change in the data occurred.
This situation is unveiled when testing the
influence of the business dynamism on EBITDA.
As the computed p-value is lower than
the significance level alpha, one should
reject the null hypothesis H0, and accept the
alternative hypothesis H1, based on Tab. 10.
There are significant years where there is
a significant change in the data. This situation
occurs by all of uncontrollable macroeconomic
factors, and the results indicate that for all
considered macroeconomic factors the most
significant changes happened in 2013. We
argue based on our results and the discussion
that the change-point of positive monotonic
development of EBITDA was not significantly
caused by adjustable area, but it was definitely
confirmed and demonstrated by uncontrollable

macroeconomic factors that the impact of
them on the business profit represented by
EBITDA is inalienable. The significant change
of the monotonic development of EBITDA was
positive since the year 2013, which is supported
and corresponded with the significant growth of
GDP, significant decrease of the unemployment
rate, significant decrease of the inflation rate,
significant growth of an average monthly gross
wage and significant improvement of the
Ease of doing business index in all countries
of the Visegrad Four. This fact is confirmed
by comparing the levels of identified central
lines of chosen uncontrollable macroeconomic
indicators from Tab. 7.
A limitation of our research is perceived by
the focus of the research on the chosen factors
affected the results related to the business
profit, the research does not take into account
the influences of macroeconomic factors
as producer prices change, foreign direct
investment, business confidence, etc. Another
limitation might be the omission of the use of
parametric tests that are considered more
powerful and/or sensitive than nonparametric
tests to detect significant trends, especially with
a small sample number (Meals et al., 2011).
We consider the following areas as potential
directions for further progress in the research:
supporting results revealing the change point
in times series of EBITDA by the use of SNHT
test, Buishand’s test and von Neumann’s test;
a completing of this case study in Sovietcontrolled Eastern bloc counties to add
Romanian results; an extension of the areas
of the interest to formerly parts of the Soviet
Union: Russia, Belarus, Ukraine, Estonia,
Latvia, and Lithuania; an indication of trend
existence in times series of EBITDA by MannKendall trend test and Sen’s slope as well as
time series decomposition.

Conclusions

The objective of all business activities in
a market environment is the long-term
economic prosperity of business entities,
which is determined by business profitability.
The profit is considered to be the starting
point for all other factors and an indispensable
financial indicator that expresses the success
and efficiency of business, especially in the
relation to the invested capital. It is necessary
for the enterprises to know which period of their
business life was the break one considering the
3, XXIII, 2020
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business finance. Moreover, it is important also
for the country represented by the government
because it has the great chance to support
enterprises to be successful by creating fair,
positive and open competitive environment.
This research has several useful
contributions. Firstly, it is the identification of
the break point (year 2013), which indicates the
significant change in the profit development,
caused not only by the corporate development
itself but also as a consequence of
macroeconomic development in the countries.
Secondly, the evidence was provided that
enterprises in the Visegrad countries tend to
manipulate earnings, and thus the importance
of further research is unquestionable. This
study provides important insights for state
authorities, policymakers, auditors, consulting
and accounting enterprises to develop possible
measures and identify earnings management
techniques and try to protect the market, banks,
stakeholders and creditors from financial risks
caused by distorted financial reports.
Acknowledgement: This paper was supported
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