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Abstract: Profitability reveals the key financial ratios that ensure the long-term sustainability of an
enterprise’s ability to invest in further growth. Without knowledge of the course of development,
particularly changes in profitability, enterprises face financial difficulties that threaten their existence.
Although the homogeneity tests serve as a reliable tool for identifying changes, their application in
financial management often receives insufficient attention. The aim of this research is to evaluate the
detection power of homogeneity tests and identify the one with the highest ability based on testing
changes in the development of profitability ratios across sectors in the Visegrad Four. Buishand’s
test, Pettitt’s test, the SNHT, and the von Neumann test were run for 8671 enterprises during
2016–2021 and gained from Moody’s Orbis. Comparison tables for ROA, ROC, ROE, ROS, ROR,
and ROW using Monte Carlo simulation with a million replications identified the number of Slovak,
Czech, Polish, and Hungarian enterprises in which heterogeneity was divided according to the
Nomenclature of Economic Activities, NACE. The SNHT disclosed the greatest number of changes
in the development of all profitability ratios. The results validate the use of selected tests for ratio
assessment. Furthermore, business agencies may replicate this approach to determine the economic
situation and sector performance.

Keywords: Buishand’s test; change; homogeneity; Pettitt’s test; profitability; SNHT; Visegrad group;
von Neumann test

1. Introduction

In today’s economic environment, which is defined by rapid changes, strong com-
petition, and globalisation, the performance, specifically the financial performance of a
company, is considered a key variable. Financial performance is a concept that is closely
related to financial health and, therefore, to the financial management of the company [1].
Effective financial health monitoring is critical to enterprise financial management [2].
Every business entity must know its strengths and weaknesses in terms of performance [3].
The number of financial performance indicators of the company is almost endless, but it
is necessary to select those that best serve the purpose of the analysis [4]. And this is also
because, despite the infinite number of financial performance measurement indicators [5],
only a part of them can be meaningfully interpreted in the context of the company [6].
Economists who considered the financial performance of the company used different in-
dicators in their studies. When evaluating a company’s profitability, it is crucial to focus
on the right financial indicators that provide a comprehensive picture of the company’s
financial health and performance [1]. In most cases, however, they used different variants of
profitability indicators [4,7,8]. The issue of quantifying profitability has been very popular
in many countries for a long time [9]. In addition to comparing the business with industry
competition, a longer time of analysis is also important, because a short period analysis can
be misleading. Tracking trends over time provides a more comprehensive picture of how a
business is improving its efficiency and profitability. Early identification of the company’s
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potential financial issues is critical to efficient risk management and is significant for all
parties engaged in the business operations [10]. Analysing profitability trends is key to
understanding a company’s financial health [11,12]. Market dynamics and the competitive
environment are constantly changing the conditions in which businesses operate, which
can have a significant impact on their profitability. Therefore, it is important not only to
monitor current financial results but also to use appropriate tools to show how profitability
has developed and changed.

Thus, the main aim of this paper is to evaluate the detection power of homogene-
ity tests and identify the one with the highest ability based on testing changes in the
development of profitability ratios across sectors in the Visegrad Four.

The structure of the paper is as follows: A literature review covers the theoretical
foundations of profitability ratios. The paper then describes the calculation of ratios, the
methodology for homogeneity tests, and a sample of enterprises from the Visegrad region.
The results highlight the detection of heterogeneity occurrences in the time series of ROA,
ROA, ROC, ROE, ROS, ROR, and ROW during a selected six-year period, as well as the
ability of individual homogeneity tests to identify them. The discussion compares the
results to those of similar investigations. The conclusions describe future research methods
and constraints.

2. Literature Review

For a business to prosper in the long term and bring its owners sufficient appreciation
for the invested capital, it must produce a profit [13]. Therefore, it is very important to
focus on the profitability analysis, which can be used to find out what company resources
are involved in the creation of profit [14].

Profitability, or return on invested capital, is a measure of the ability to make a profit
through invested capital and, thus, the ability of a business to create new resources [15].
According to Kruhlova et al. [16], profitability indicators are the most important way of
evaluating business activity. In many processes in which it is necessary to consider the
size of the achieved economic benefit, this analysis has an irreplaceable function [17].
Profitability indicators also serve to evaluate the success of the company’s goals and
the resources invested in the company. According to the authors of Gotardo et al. [18]
and Zlateva et al. [19], profitability is a more concrete form of a more general efficiency
measurement relationship that compares the outputs and inputs of the analysed enterprise.
The output is profit, which can be considered at different levels: Earnings after Taxes (EATs),
Earnings before Taxes (EBTs), Earnings before Interest and Taxes (EBITs), Earnings before
Interest, Taxes, and Amortisation (EBITDAs), Net Operating Profit after Tax (NOPAT),
or cash flow (CF) [11]. When deciding which of the possible profit categories to use in
the calculation of individual profitability indicators, we should primarily consider the
most faithful representation of reality, thereby achieving the highest informative value of
individual indicators [14]. For the purposes of this paper, the EBT profit level is used. EBT
is used especially when we want to analyse the operational and financial performance of
the management because it is assumed that the management can decide on the financing
structure which therefore influences the interest paid [20]. Profitability inputs are made
up of different quantities, the profit efficiency of which must be assessed [21]. For the
purposes of this contribution, outputs such as total assets, equity, sales, costs, revenues,
and labour costs are used, which we consider important for the correct determination of
the development of the profitability of companies in individual industries.

According to Diniz et al. [21], ensuring the right path to the efficient use of property,
or return on assets (ROA) analysis, allows businesses to identify how efficiently they are
using their invested resources in assets to generate profit. This indicator provides valuable
information about how well a company converts its assets into profit [22]. Among the
main advantages of the ROA indicator is the possibility to compare the efficiency of the
use of assets between different periods or with the competition, which makes it possible
to identify areas for improvement [23]. On the other hand, the disadvantage can be the
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difficult interpretation of the result, since high profitability or return on assets does not
necessarily mean high overall profitability of the company, especially if the assets of the
company are financed primarily by foreign sources of coverage [24].

According to Fama and French [25], the correct evaluation of the efficiency of the
company financing is the next necessary step in the analysis of profitability. Investors often
evaluate the return on equity (ROE) as one of the most important indicators when deciding
on investments in each company. This indicator provides an overview of how effectively
the company uses invested capital to generate profit [24]. A high ROE indicates that the
company can generate a significant profit from each euro invested, which is very attractive
for investors. On the other hand, a low ROE may signal problems with capital efficiency or
profit generation [9].

Yousaf and Dey [26] use three profitability indicators to measure financial performance:
return on total capital, also known as ROA, return on equity (ROE), and return on costs
(ROC). Return on total capital ROA was also used by Tusek et al. [27], although they also
mentioned the possibility of using return on equity (ROE) or return on sales (ROS). The
same or very similar indicators were also used by Kristof and Virág [11], Nwude et al. [12],
Bugaj et al. [28], Bunea et al. [29], and Niresh and Velnampy [30]. Also, in our paper, the
main variable will be profitability indicators, which, in the market economy, serve as the
main indicator for capital allocation because they express the rate of profit.

Another important step in the analysis of the company’s profitability is the evaluation
of the company’s operational efficiency [31], or the company’s profit margin, which is
quantified using the sales profitability indicator (ROS; return on sales). A rising ROS
value means efficient company growth, while lower results indicate impending financial
problems. In addition to the change in sales, the amount of this indicator is also affected by
the change in the sales margin and the change in costs [23].

Another important indicator that was applied to the contribution is the return on
costs (ROC). According to Bayaraa [32], this indicator reflects the efficiency of business
management by expressing the value of the profit that falls on the units of costs incurred.
The company should achieve a growing rate of profit over time in relation to costs [29].

Return on income, or operating profit margin (ROR), is a measure of a company’s
profitability based on the amount of revenue generated [33]. The revenue return compares
the amount of net revenue generated for each euro of revenue. Return on income is a key
financial metric applied in evaluating the overall performance and financial health of a
business [33].

And the last of the indicators we applied was return on labour costs (ROW). The
monitoring of this indicator, which compares the result of management with labour costs,
is very important, especially in cross-industry settings [34]. When applying all indicators, it
is necessary to consider specific factors that affect the industry in which the given company
operates. Enterprises from different industries have different capital structures [35] and
models of asset utilisation, which can lead to different standards for the profitability of
assets. They also have a different approach to the amount of their own resources and show
different values of sales. In a market full of competition, optimisation of input costs is
inevitable [21]. It is important to identify areas where costs can be effectively reduced
without negatively affecting the quality of products or services. Strategic planning and cost
analysis can lead to a significant improvement in the financial performance of the company.
Labour costs also vary widely across industries. Therefore, an individual approach to
comparison is very important. According to Fama and French [25], comparing the com-
pany’s profitability with the competition is a key step to ensuring competitiveness and
sustainable growth. This process allows businesses to identify strengths and weaknesses in
their financial performance compared to their direct competitors [20].

3. Materials and Methods

Database Orbis, provided by Moody’s [36], was used to create a sample of enterprises
from the Visegrad region. The final sample, after removing outliers and missing values,
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consisted of 3961 Slovak (SK), 2653 Czech (CZ), 285 Polish (PL), and 1772 Hungarian (HU)
enterprises. Kostrzewski et al. [37] confirm the relevance of assessing business performance
by financial indicators in the Visegrad region. ROA, ROA, ROC, ROE, ROS, ROR, and ROW
were calculated according to the formulas in Table 1. The mentioned ratios were calculated
for all enterprises during the period of 2016–2021.

Table 1. Formulas for the calculation of profitability ratios.

Indicator Formula Equation

ROA EBT
Total Assets (1)

ROE EBT
Equity (2)

ROS EBT
Sales (3)

ROC EBT
Costs (4)

ROR EBT
Revenues (5)

ROW EBT
Labour Costs (6)

Homogeneity tests were preferred as they allow for an easier understanding of overall
patterns in the data over time [38]. They allow for detecting if the time series may be
considered homogeneous during the analysed period, or if there is any date at which signif-
icant change in the mean of data occurred. Kanovsky [39] and Agha et al. [40] recommend
running Pettitt’s test, the standard normal homogeneity test (SNHT), Buishand’s test, and
the von Neumann test. The tested hypotheses were formulated as follows:

H0: Data (ROA, ROA, ROC, ROE, ROS, ROR, and ROW) are homogeneous (homo).

H1: There is a date at which there is a change in the data.

Figure 1 illustrates examples of homogeneity and heterogeneity.
Firstly, Pettitt’s test was run. It is a non-parametric rank test that can reveal a single

change point in continuous data [41]. Valaskova et al. [42] note that the null hypothesis is
that the T variables follow one or more distributions that have the same location parameter.
The alternative hypothesis is that the year of change occurs. The non-parametric statistic is
defined as follows:

KT = max|Ut,T | (7)

where

Ut,T =
t

∑
i=1

T

∑
j=t+1

sgn
(
xi − xj

)
(8)

Here, the year of change in the time series is located at KT , provided that the statistic is
significant. The significance probability of KT is approximated for a p-value ≤ 0.05 with

p ∼= 2exp
(

−6 K2
t

T3 + T2

)
(9)

Buishand’s test was also applied. The following model with a single change ∆ can
be proposed:

xi =

{
µ + ϵi i = 1, . . . , m

µ + ∆ + ϵi i = m + 1, . . . , n
(10)

where i = 1, . . . , m is the observation order, µ is the mean of the population, and ϵ ≈ N (0, σ).
In the Buishand range test, the rescaled adjusted partial sums Sk are calculated as follows:

Sk =
k
∑

i=1
(xi + x) (1 ≤ i ≤ n) (11)
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Figure 1. Comparison of homogeneity and heterogeneity. 
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Rescaled adjusted partial sums (Q) are obtained by dividing the values of Sk by the
sample standard deviation Dx. The test statistic is calculated as follows:

Q = max
∣∣∣∣ Sk
Dx

∣∣∣∣ (12)

with

Dx =

√
n−1

n

∑
i=1

(xi − x) (13)

Another statistic test that could be used is the range which computes the difference
between the maximum and minimum value of the rescaled adjusted partial sums. The
formula is given as follows:

R =
maxSk − minSk

Dx
(14)

It was given critical values for both homogeneity tests R/
√

n and Q/
√

n [43].
Thirdly, the von Neumann test used the ratio of mean square successive (year to year)

difference to the variance [44]. The test statistic is shown as follows:

N =
∑ n−1

i=1 (xi − xi+1)
2

∑ n−1
i=1 (xi − x)2 (15)

The null hypothesis is that the data are dependent. If the value of N is equal to 2,
it means that the sample is homogeneous while values of N less than 2 indicate that the
sample has a change point [45].
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Finally, the SNHT is a method created by Alexandersson [46] and assumes that a times
series is normally distributed [47]. The null hypothesis ∆ = 0 is tested to the alternative
hypothesis ∆ ̸= 0. The test statistic is

Tk = kz2
1 + (n − k) z2

2 (1 ≤ k ≤ n) (16)

where

z1 =
1
k

k
∑

i=1

xi − x
σ

z2 =
1

n − k

n
∑

i=k+1

xi − x
σ

(17)

The critical value is
T0 = max

1≤x≤k
Tk (18)

The p-values for all tests were estimated by a Monte Carlo simulation using 1,000,000 replicates.

4. Results

Firstly, all four tests tested the occurrence of heterogeneity (hete) in ROW according to
the individual NACE (Nomenclature of Economic Activities) for all involved enterprises
(Table 2). In total, Pettitt’s test disclosed 1985 cases, the SNHT 2251 cases, Buishand’s test
1958 cases, and the von Neumann test 1750 cases of significant change in the develop-
ment of selected profitability ratios during the analysed six-year period. The individual
assessments of NACEs and countries were realised to prove the ability of the tests to dis-
close heterogeneity despite significant specifics of sectors themselves as well as differences
between similar sectors in different economic environments.

Table 2. Homogeneity tests for ROW.

ROW

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

A

SK 48 206 61 193 60 194 47 207
CZ 50 205 58 197 48 207 45 210
PL 0 2 0 2 0 2 0 2
HU 18 77 19 76 22 73 12 83

B

SK 3 8 2 9 2 9 4 7
CZ 1 9 1 9 2 8 3 7
PL 0 3 1 2 0 3 0 3
HU 2 6 1 7 1 7 3 5

C

SK 216 733 245 704 202 747 204 745
CZ 207 666 217 656 178 695 175 698
PL 16 76 25 67 17 75 18 74
HU 147 427 149 425 138 436 127 447

D

SK 14 48 17 45 13 49 15 47
CZ 17 38 14 41 13 42 13 42
PL 4 6 3 7 4 6 4 6
HU 8 25 7 26 8 25 7 26

E

SK 7 43 10 40 12 38 12 38
CZ 6 34 8 32 3 37 7 33
PL 0 4 0 4 0 4 0 4
HU 6 21 8 19 3 24 6 21
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Table 2. Cont.

ROW

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

F

SK 60 242 73 229 53 249 46 256
CZ 44 125 47 122 35 134 29 140
PL 9 13 6 16 7 15 3 19
HU 21 48 18 51 15 54 14 55

G

SK 278 887 303 862 290 875 230 935
CZ 139 481 164 456 142 478 135 485
PL 7 32 8 31 8 31 4 35
HU 155 535 194 496 164 526 158 532

H

SK 71 248 94 225 87 232 68 251
CZ 30 19 51 108 34 125 33 126
PL 4 4 3 5 5 3 2 6
HU 10 38 11 37 9 39 9 39

I

SK 9 33 11 31 10 32 7 35
CZ 7 16 7 16 7 16 6 17
PL 0 1 0 1 0 1 0 1
HU 7 25 9 23 10 22 6 26

J

SK 39 113 41 111 30 122 27 125
CZ 21 68 18 71 18 71 12 77
PL 9 17 2 24 4 22 3 23
HU 4 34 5 33 3 35 3 35

K

SK 8 14 4 18 4 18 7 15
CZ 5 9 6 8 6 8 3 11
PL 12 16 9 19 8 20 6 22
HU 7 15 4 18 4 18 5 17

L

SK 32 103 42 93 34 101 30 105
CZ 23 86 28 81 22 87 15 94
PL 5 4 4 5 4 5 4 5
HU 14 32 11 35 12 34 14 32

M

SK 50 214 77 187 60 204 53 211
CZ 38 113 41 110 42 109 31 120
PL 4 15 4 15 3 16 2 17
HU 8 25 7 26 4 29 6 27

N

SK 27 120 37 110 32 115 25 122
CZ 12 33 12 33 13 32 8 37
PL 2 7 6 3 3 6 4 5
HU 10 24 7 27 6 28 7 27

O

SK 0 1 0 1 0 1 0 1
CZ 0 1 1 0 1 0 0 1
PL 1 3 1 3 0 4 0 4
HU 0 1 0 1 0 1 0 1

P

SK 1 7 0 8 1 7 1 7
CZ - - - - - - - -
PL - - - - - - - -
HU 1 1 2 0 2 0 1 1

Q

SK 7 42 13 36 15 34 9 40
CZ 5 17 2 20 5 17 4 18
PL 2 3 2 3 2 3 3 2
HU 1 1 1 1 1 1 1 1
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Table 2. Cont.

ROW

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

R

SK 6 10 7 9 6 10 7 9
CZ 3 6 3 6 2 7 3 6
PL - - - - - - - -
HU 0 8 1 7 1 7 1 7

S

SK 2 11 2 11 2 11 2 11
CZ 1 8 1 8 1 8 1 8
PL 1 3 0 4 1 3 0 4
HU 3 7 5 5 4 6 0 10

SUM 1985 6686 2251 6420 1958 6713 1750 6921

Secondly, all four tests tested the occurrence of heterogeneity in ROA according to
the individual NACE for all involved enterprises (Table 3). In total, Pettitt’s test disclosed
1990 cases, the SNHT 2192 cases, Buishand’s test 1916 cases, and the von Neumann test
1798 cases of significant change in the development of selected profitability ratios during
the analysed six-year period.

Table 3. Homogeneity tests for ROA.

ROA

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

A

SK 46 208 63 191 51 203 46 208
CZ 54 201 49 206 48 207 47 208
PL 0 2 1 1 0 2 0 2
HU 17 78 22 73 22 73 10 85

B

SK 2 9 2 9 2 9 2 9
CZ 1 9 4 6 3 7 1 9
PL 0 3 1 2 0 3 0 3
HU 4 4 2 6 1 7 2 6

C

SK 211 738 238 711 194 755 205 744
CZ 208 665 195 678 169 704 184 689
PL 19 73 19 73 18 74 21 71
HU 158 416 150 424 140 434 143 431

D

SK 20 42 18 44 17 45 19 43
CZ 14 41 11 44 14 41 15 40
PL 4 6 3 7 3 7 4 6
HU 6 27 8 25 7 26 6 27

E

SK 9 41 17 33 16 34 11 39
CZ 8 32 12 28 8 32 11 29
PL 1 3 0 4 1 3 0 4
HU 6 21 6 21 5 22 5 22

F

SK 59 243 62 240 51 251 39 263
CZ 36 133 50 119 35 134 37 132
PL 10 12 9 13 9 13 6 16
HU 21 48 12 57 17 52 12 57

G

SK 270 895 313 852 292 873 257 908
CZ 140 480 158 462 139 481 132 488
PL 8 31 6 33 7 32 6 33
HU 149 541 179 511 161 529 150 540
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Table 3. Cont.

ROA

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

H

SK 69 250 96 223 73 246 70 249
CZ 27 132 36 123 28 131 37 122
PL 2 6 2 6 0 8 2 6
HU 11 37 13 35 12 36 12 36

I

SK 10 32 15 27 14 28 7 35
CZ 7 16 6 17 5 18 7 16
PL 0 1 0 1 0 1 0 1
HU 6 26 9 23 7 25 2 30

J

SK 40 112 39 113 30 122 34 118
CZ 23 66 21 68 18 71 14 75
PL 6 20 3 23 5 21 3 23
HU 7 31 5 33 6 32 6 32

K

SK 6 16 4 18 4 18 5 17
CZ 5 9 3 11 2 12 2 12
PL 9 19 3 25 11 17 4 24
HU 8 14 6 16 7 15 4 18

L

SK 32 103 40 95 25 110 30 105
CZ 26 83 22 87 19 90 16 93
PL 4 5 0 9 1 8 4 5
HU 12 34 13 33 9 37 12 34

M

SK 61 203 78 186 68 196 50 214
CZ 27 124 41 110 37 114 24 1227
PL 3 16 3 16 4 15 2 17
HU 11 22 13 20 10 23 7 26

N

SK 33 114 43 104 30 117 23 124
CZ 11 34 13 32 13 32 9 36
PL 2 7 4 5 3 6 4 5
HU 9 25 9 25 9 25 8 26

O

SK 0 1 0 1 0 1 0 1
CZ 1 0 1 0 1 0 1 0
PL 1 3 0 4 0 4 0 4
HU 0 1 0 1 0 1 0 1

P

SK 0 8 1 7 1 7 2 6
CZ - - - - - - - -
PL - - - - - - - -
HU 1 1 0 2 0 2 1 1

Q

SK 8 41 13 36 7 42 8 41
CZ 8 14 9 13 9 13 4 18
PL 3 2 2 3 2 3 3 2
HU 1 1 1 1 1 1 1 1

R

SK 8 8 7 9 7 9 4 12
CZ 3 6 3 6 4 5 1 8
PL - - - - - - - -
HU 1 7 0 8 0 8 0 8

S

SK 2 11 1 12 1 12 2 11
CZ 2 7 1 8 1 8 1 8
PL 1 3 0 4 0 4 0 4
HU 2 8 3 7 2 8 1 9

SUM 1990 6681 2183 6479 1916 6755 1798 6873
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Thirdly, all four tests tested the occurrence of heterogeneity in ROC according to the
individual NACE for all involved enterprises (Table 4). In total, Pettitt’s test disclosed
1943 cases, the SNHT 2216 cases, Buishand’s test 1990 cases, and the von Neumann test
1775 cases of significant change in the development of selected profitability ratios during
the analysed six-year period.

Table 4. Homogeneity tests for ROC.

ROC

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

A

SK 43 211 56 198 54 200 41 213
CZ 48 207 60 195 59 196 42 213
PL 0 2 1 1 0 2 0 2
HU 13 82 20 75 24 71 13 82

B

SK 2 9 2 9 1 10 3 8
CZ 2 8 2 8 2 8 3 7
PL 0 3 0 3 0 3 1 2
HU 2 6 3 5 3 5 1 7

C

SK 207 742 232 717 211 738 205 744
CZ 203 670 204 669 170 703 169 704
PL 19 73 18 74 17 75 17 75
HU 142 432 154 420 131 443 129 445

D

SK 13 49 18 44 11 51 12 50
CZ 14 41 10 45 7 48 11 44
PL 3 7 5 5 4 6 4 6
HU 9 24 7 26 8 25 5 28

E

SK 9 41 16 34 14 36 11 39
CZ 7 33 7 33 7 33 8 32
PL 0 4 0 4 1 3 0 4
HU 5 22 7 20 7 20 6 21

F

SK 62 240 66 236 60 242 45 257
CZ 44 125 51 118 35 134 33 136
PL 12 10 8 14 10 12 7 15
HU 22 47 18 51 15 54 16 53

G

SK 277 888 307 858 294 871 250 915
CZ 138 482 160 460 156 464 140 480
PL 5 34 6 33 6 33 7 32
HU 155 535 202 488 177 513 167 523

H

SK 70 249 94 225 75 244 57 262
CZ 29 130 31 128 27 132 28 131
PL 3 5 5 3 3 5 2 6
HU 10 38 8 40 6 42 9 39

I

SK 9 33 13 29 12 30 7 35
CZ 6 17 10 13 6 17 6 17
PL 0 1 0 1 0 1 0 1
HU 6 26 8 24 10 22 6 26

J

SK 39 113 37 115 35 117 30 122
CZ 21 68 18 71 16 73 11 78
PL 10 16 6 20 6 20 4 22
HU 4 34 6 32 6 32 7 31
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Table 4. Cont.

ROC

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

K

SK 5 17 4 18 2 20 4 18
CZ 5 9 5 9 5 9 4 10
PL 7 21 7 21 9 19 5 23
HU 6 16 5 17 7 15 7 15

L

SK 31 104 39 96 35 100 33 102
CZ 23 86 21 88 19 90 19 90
PL 4 5 3 6 3 6 3 6
HU 15 31 18 28 16 30 12 34

M

SK 49 215 78 186 62 202 54 210
CZ 31 120 45 106 45 106 5 126
PL 5 14 4 15 5 14 2 17
HU 8 25 8 25 6 27 4 29

N

SK 31 116 39 108 29 118 30 117
CZ 10 35 9 36 9 36 10 35
PL 3 6 4 5 4 5 5 4
HU 12 22 14 20 11 23 7 27

O

SK 0 1 0 1 0 1 0 1
CZ 0 1 1 0 1 0 1 0
PL 1 3 0 4 0 4 0 4
HU 0 1 0 1 0 1 0 1

P

SK 1 7 0 8 1 7 2 6
CZ - - - - - - - -
PL - - - - - - - -
HU 1 1 0 2 0 2 1 1

Q

SK 8 41 12 37 11 38 11 38
CZ 5 17 3 19 5 17 6 16
PL 3 2 2 3 2 3 3 2
HU 1 1 0 2 1 1 0 2

R

SK 6 10 5 11 5 11 6 10
CZ 2 7 3 6 1 8 3 6
PL - - - - - - - -
HU 0 8 1 7 1 7 1 7

S

SK 2 11 4 9 2 11 2 11
CZ 1 8 2 7 1 8 1 8
PL 2 2 1 3 3 1 1 3
HU 2 8 3 7 3 7 0 10

SUM 1943 6728 2216 6455 1990 6681 1775 6896

Fourthly, all four tests tested the occurrence of heterogeneity in ROE according to
the individual NACE for all involved enterprises (Table 5). In total, Pettitt’s test disclosed
2004 cases, the SNHT 2213 cases, Buishand’s test 1901 cases, and the von Neumann test
1860 cases of significant change in the development of selected profitability ratios during
the analysed six-year period.

Fifthly, all four tests tested the occurrence of heterogeneity in ROR according to the
individual NACE for all involved enterprises (Table 6). In total, Pettitt’s test disclosed
1940 cases, the SNHT 2277 cases, Buishand’s test 2016 cases, and the von Neumann test
1707 cases of significant change in the development of selected profitability ratios during
the analysed six-year period.
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Table 5. Homogeneity tests for ROE.

ROE

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

A

SK 50 204 60 194 57 197 44 210
CZ 55 200 64 191 55 200 49 206
PL 0 2 1 1 1 1 0 2
HU 13 82 19 76 19 76 8 87

B

SK 3 8 4 7 4 7 3 8
CZ 4 6 3 7 3 7 1 9
PL 0 3 0 3 0 3 0 3
HU 2 6 3 5 2 6 2 6

C

SK 210 739 216 733 192 757 198 751
CZ 199 674 231 642 173 700 187 686
PL 18 74 18 74 18 74 15 77
HU 149 425 122 452 122 452 134 440

D

SK 16 46 24 38 12 50 16 46
CZ 13 42 14 41 8 47 13 42
PL 3 7 4 6 4 6 4 6
HU 5 28 9 24 8 25 4 29

E

SK 12 38 16 34 18 32 14 36
CZ 9 31 16 24 10 30 11 29
PL 0 4 1 3 2 2 1 3
HU 7 20 5 22 5 22 6 21

F

SK 61 241 64 238 62 240 49 253
CZ 44 125 44 125 34 135 41 128
PL 12 10 4 18 7 15 8 14
HU 23 46 14 55 11 58 15 54

G

SK 276 889 315 850 284 881 272 893
CZ 141 479 158 462 138 482 135 485
PL 6 33 9 30 6 33 7 32
HU 155 535 183 507 144 546 152 538

H

SK 83 236 90 229 94 225 81 238
CZ 31 128 45 114 39 120 37 122
PL 2 6 2 6 2 6 1 7
HU 10 38 9 39 9 39 10 38

I

SK 6 36 8 34 10 32 9 33
CZ 6 17 8 15 5 18 8 15
PL 0 1 0 1 0 1 0 1
HU 8 24 10 22 9 23 4 28

J

SK 43 109 36 116 26 126 39 113
CZ 13 76 28 61 12 77 8 81
PL 7 19 6 20 4 22 3 23
HU 7 31 8 30 8 30 6 32

K

SK 6 16 8 14 4 18 6 16
CZ 4 10 2 12 4 10 3 11
PL 10 18 4 24 7 21 5 23
HU 7 15 7 15 5 17 5 17

L

SK 32 103 46 89 29 106 31 104
CZ 23 86 17 92 19 90 17 92
PL 3 6 1 8 1 8 4 5
HU 13 33 18 28 11 35 10 36



Stats 2024, 7 1345

Table 5. Cont.

ROE

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

M

SK 61 203 67 197 60 204 55 209
CZ 37 114 47 104 38 113 33 118
PL 3 16 7 12 5 14 3 16
HU 11 22 11 22 9 24 9 24

N

SK 32 115 39 108 30 117 30 117
CZ 9 36 11 34 11 34 10 35
PL 2 7 3 6 3 6 4 5
HU 7 27 8 26 5 29 8 26

O

SK 0 1 0 1 0 1 0 1
CZ 0 1 0 1 0 1 0 1
PL 1 3 0 4 1 3 0 4
HU 0 1 0 1 0 1 0 1

P

SK 1 7 1 7 2 6 2 6
CZ - - - - - - - -
PL - - - - - - - -
HU 2 0 1 1 1 1 1 1

Q

SK 12 37 14 35 14 35 10 39
CZ 7 15 8 14 6 16 5 17
PL 2 3 2 3 2 3 2 3
HU 1 1 2 0 1 1 1 1

R

SK 5 11 7 9 7 9 4 12
CZ 2 7 2 7 0 9 3 6
PL - - - - - - - -
HU 0 8 1 7 0 8 0 8

S

SK 3 10 4 9 3 10 3 10
CZ 2 7 2 7 2 7 1 8
PL 1 3 0 4 1 3 0 4
HU 3 7 2 8 3 7 0 10

SUM 2004 6667 2213 6458 1901 6770 1860 6811

Table 6. Homogeneity tests for ROR.

ROR

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

A

SK 43 211 64 190 51 203 42 212
CZ 48 207 51 204 41 214 37 218
PL 0 2 1 1 1 1 0 2
HU 13 82 16 79 19 76 10 85

B

SK 2 9 3 8 1 10 2 9
CZ 2 8 2 8 3 7 3 7
PL 0 3 1 2 0 3 1 2
HU 2 6 4 4 3 5 2 6

C

SK 208 741 271 678 236 713 197 752
CZ 202 671 236 637 215 658 169 704
PL 19 73 22 70 18 74 16 76
HU 142 432 165 409 151 423 128 446
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Table 6. Cont.

ROR

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

D

SK 13 49 14 48 9 53 13 49
CZ 12 43 14 41 10 45 11 44
PL 3 7 3 7 3 7 4 6
HU 9 24 6 27 7 26 7 26

E

SK 9 41 14 36 13 37 10 40
CZ 7 33 12 28 7 33 8 32
PL 0 4 1 3 1 3 0 4
HU 5 22 8 19 4 23 6 21

F

SK 62 240 84 218 69 233 43 259
CZ 45 124 65 104 40 129 31 138
PL 12 10 11 11 12 10 8 14
HU 22 47 16 53 18 51 16 53

G

SK 276 889 321 844 292 873 239 926
CZ 137 483 145 475 146 474 132 488
PL 5 34 8 31 5 34 6 33
HU 155 535 193 497 174 516 161 529

H

SK 70 249 64 255 61 258 60 259
CZ 29 130 42 117 27 132 28 131
PL 3 5 1 7 3 5 1 7
HU 10 38 12 36 11 37 8 40

I

SK 9 33 10 32 14 28 9 33
CZ 6 17 8 15 8 15 7 16
PL 0 1 0 1 0 1 0 1
HU 6 26 8 24 11 21 6 26

J

SK 38 114 40 112 26 126 25 127
CZ 21 68 15 74 14 75 9 80
PL 10 16 5 21 5 21 2 24
HU 4 34 7 31 5 33 7 31

K

SK 5 17 2 20 2 20 3 19
CZ 5 9 5 9 5 9 4 10
PL 9 19 6 22 8 20 4 24
HU 6 16 4 18 4 18 7 15

L

SK 31 104 32 103 33 102 31 104
CZ 24 85 27 82 23 86 18 91
PL 5 4 4 5 5 4 4 5
HU 15 31 11 35 11 35 12 34

M

SK 50 214 69 195 57 207 50 214
CZ 31 120 37 114 27 124 22 129
PL 4 15 4 15 4 15 2 17
HU 8 25 8 25 8 25 4 29

N

SK 30 117 36 111 29 118 27 120
CZ 10 35 16 29 13 32 11 34
PL 3 6 3 6 3 6 5 4
HU 12 22 12 22 10 24 7 27

O

SK 0 1 0 1 0 1 0 1
CZ 0 1 1 0 1 0 1 0
PL 1 3 1 3 0 4 0 4
HU 0 1 0 1 0 1 0 1
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Table 6. Cont.

ROR

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

P

SK 1 7 1 7 1 7 2 6
CZ - - - - - - - -
PL - - - - - - - -
HU 1 1 0 2 0 2 1 1

Q

SK 7 42 13 36 13 36 10 39
CZ 5 17 6 16 7 15 5 17
PL 3 2 3 2 2 3 3 2
HU 1 1 0 2 1 1 0 2

R

SK 6 10 3 13 7 9 4 12
CZ 2 7 2 7 2 7 2 7
PL - - - - - - - -
HU 0 8 2 6 1 7 1 7

S

SK 2 11 2 11 0 13 2 11
CZ 1 8 1 8 0 9 1 8
PL 1 3 0 4 1 3 0 4
HU 2 8 3 7 4 6 0 10

SUM 1940 6731 2277 6394 2016 6655 1707 6964

Lastly, all four tests tested the occurrence of heterogeneity in ROS according to the
individual NACE for all involved enterprises (Table 7). In total, Pettitt’s test disclosed
1933 cases, the SNHT 2117 cases, Buishand’s test 1833 cases, and the von Neumann test
1757 cases of significant change in the development of selected profitability ratios during
the analysed six-year period.

Table 7. Homogeneity tests for ROS.

ROS

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

A

SK 44 210 57 197 52 202 45 209
CZ 48 207 57 198 43 212 39 216
PL 0 2 0 2 1 1 0 2
HU 13 82 18 77 16 79 10 85

B

SK 1 10 3 8 2 9 3 8
CZ 2 8 3 7 3 7 3 7
PL 0 3 0 3 0 3 1 2
HU 2 6 2 6 2 6 1 7

C

SK 209 740 234 715 205 744 203 746
CZ 202 671 200 673 177 696 168 705
PL 19 73 18 74 14 78 16 76
HU 140 434 127 447 115 459 122 452

D

SK 13 49 15 47 14 48 13 49
CZ 12 43 14 41 11 44 10 45
PL 3 7 5 5 5 5 4 6
HU 10 23 7 26 7 26 7 26
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Table 7. Cont.

ROS

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

E

SK 9 41 16 34 17 33 10 40
CZ 7 33 7 33 6 34 7 33
PL 0 4 1 3 0 4 0 4
HU 5 22 7 20 7 20 6 21

F

SK 64 238 71 231 57 245 47 255
CZ 45 124 55 114 38 113 32 137
PL 11 11 6 16 8 14 8 14
HU 22 47 26 43 23 46 14 55

G

SK 276 889 288 877 269 896 259 906
CZ 135 485 145 475 121 499 139 481
PL 5 34 7 32 6 33 6 33
HU 155 535 181 509 150 540 164 526

H

SK 69 250 87 232 68 251 55 264
CZ 28 131 27 132 20 139 29 130
PL 3 5 1 7 2 6 1 7
HU 9 39 10 38 10 38 8 40

I

SK 9 33 12 30 10 32 9 33
CZ 6 17 6 17 10 13 7 16
PL 0 1 0 1 0 1 0 1
HU 6 26 8 24 9 23 6 26

J

SK 38 114 31 121 32 0 29 123
CZ 21 68 19 70 15 74 12 77
PL 10 16 4 22 5 21 3 23
HU 4 34 9 29 9 29 6 32

K

SK 4 18 5 17 4 18 3 19
CZ 5 9 4 10 4 10 4 10
PL 9 19 7 21 8 20 4 24
HU 7 15 7 15 6 16 7 15

L

SK 31 104 42 93 33 102 29 106
CZ 23 86 26 83 17 92 17 92
PL 5 4 6 3 6 3 4 5
HU 15 31 15 31 11 35 12 34

M

SK 49 215 67 197 58 206 61 203
CZ 29 122 38 113 35 116 27 124
PL 4 15 7 12 5 14 2 17
HU 9 24 10 23 6 27 5 28

N

SK 30 117 38 109 27 120 26 121
CZ 10 35 13 32 13 32 9 36
PL 3 6 4 5 1 8 4 5
HU 12 22 9 25 8 26 7 27

O

SK 0 1 0 1 0 1 0 1
CZ 0 1 0 1 0 1 0 1
PL 1 3 0 4 0 4 0 4
HU 0 1 0 1 0 1 0 1

P

SK 1 7 2 6 2 6 2 6
CZ - - - - - - - -
PL - - - - - - - -
HU 1 1 1 1 1 1 1 1
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Table 7. Cont.

ROS

NACE Country
Pettitt’s Test SNHT Buishand’s Test von Neumann Test

Hete Homo Hete Homo Hete Homo Hete Homo

Q

SK 7 42 8 41 7 42 10 39
CZ 5 17 5 17 6 16 5 17
PL 3 2 2 3 2 3 3 2
HU 1 1 0 2 1 1 0 2

R

SK 6 10 7 9 8 8 5 11
CZ 2 7 2 7 1 8 3 6
PL - - - - - - - -
HU 0 8 1 7 0 8 1 7

S

SK 2 11 2 11 0 13 2 11
CZ 1 8 1 8 0 9 1 8
PL 1 3 0 4 1 3 0 4
HU 2 8 4 6 3 7 0 10

SUM 1933 6738 2117 6554 1833 6718 1757 6914

Figure 2 portrays the summary of the provided tests. The SNHT identified the greatest
number of enterprises in which significant changes in profitability occurred. Individually,
ROA, ROA, ROC, ROE, ROS, ROR, and ROW demonstrated this ability. To summarise,
there were 13,266 changes for all NACEs, all countries, and all ratios.
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Figure 2. Comparison of all homogeneity tests for all profitability ratios.

The von Neumann test indicated the lowest number of enterprises in which significant
changes in profitability occurred for all ratios. To summarise, there were 10,647 changes for
all NACEs, all countries, and all ratios.

Pettitt’s test detected 11,795 changes, and Buishand’s test detected 11,614 changes.
The results show that it is possible to use all tests to detect changes in the development

of profitability ratios across countries and sectors. The SNHT was the most effective,
followed by Pettitt’s test, Buishand’s test, and the von Neumann test. The large sample
size of 8671 enterprises from the Visegrad region and the 19 sectors tested offer evidence
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that these tests are adaptable and reliable for detecting structural changes, not only in
profitability ratios but also potentially in other financial metrics.

5. Discussion

The SNHT may offer better detection power than the other three tests because it tends
to be more sensitive to sudden changes in a time series. This means that if there is a sudden
breakpoint (significant year of change in our case) in profitability ratios within an enterprise,
the SNHT is better able to detect it compared to other tests, which may be more sensitive to
gradual or continuous changes.

The second reason is its robustness to overall trends. SNHTs run effectively in situa-
tions where there is an overall trend or structural change in the data but with significant
localised deviations. Other tests, such as the von Neumann test, are more sensitive to the
overall variability of the data, whereas the SNHT focuses more on identifying individual
points or smaller sections of the time series where sudden breakpoints have occurred.

The SNHT uses a normal distribution. There is a symmetric distribution of test
statistics. This allows it to be more robust against extreme values in the sample as well as
noise in the time series of the profitability ratios. In addition, the explanation of the higher
detection power of the SNHT may be caused by using large datasets, as in this study.

In comparison to our results, we discuss the investigation from the region that also
used homogeneity tests on the issue of financial management. Durana et al. [48] capture sig-
nificant changes in the development of EBITDAs in the transport sector (NACE H) during
2010–2019. The year 2013 was a specific change point for 830 Slovak and 1042 Hungarian
enterprises. The year 2014 was a specific changing point for 397 Czech enterprises. The
year 2015 was a specific change point for 757 Polish enterprises. Buishand’s test, which
used 1,000,000 Monte Carlo simulations, served as the basis for these results.

Valaskova et al. [42] use Pettitt’s test with 10,000 Monte Carlo simulations to iden-
tify the year of change in EBITDAs individually for 1058 Slovak enterprises, 688 Czech
enterprises, 1376 Polish enterprises, and 731 Hungarian enterprises from 2010 to 2018.
The results showed that all countries had the same significant year of change. The year
2013 split the development of business profit into two homogeneous series, each showing a
positive change over time.

Bugaj et al. [28] also use Pettitt’s test with 100,000 Monte Carlo simulations to detect
the positive or negative shifts, or no shift, in the development of 534 transport businesses
from the Visegrad Four (V4) region during 2016–2021. They confirm that more than 25%
of enterprises involved in Industry 4.0 had positive shifts in ROA, ROC, ROS, and ROR
despite the worldwide negative effect of the COVID-19 pandemic on profitability. The ratios
were based on EBTs, and the sample consisted of 159 Czech, 48 Hungarian, 8 Polish, and
319 Slovak enterprises. Durana and Valaskova [49] also focus on the effect of the COVID-
19 pandemic and specific components of Industry 4.0 smart sensors in the environment
of small- and medium-sized enterprises (SMEs) mapping the period of 2016–2021. They
ran Pettitt’s test with 100,000 Monte Carlo simulations to see if pandemic years (2020 or
2021) affected EBITDAs development disruptions. They confirmed significant changes in
the time series of 1221 Slovak, 259 Czech, 855 Polish, and 2156 Hungarian enterprises. The
results showed that more than 80% of SMEs using smart sensors balanced their earnings
during crises. It confirms that the advent of the Industry 4.0 paradigm is particularly
important for the sustainment of the competitive edge of SMEs [50].

Durana et al. [51] disclose parallels between Slovak and Bulgarian economics and
business finance. They analyse the occurrence of earnings management for 1347 Slovak
enterprises and 1839 Bulgarian enterprises over the period of 2010 to 2018. The analy-
sis was conducted using the SNHT and a von Neumann Monte Carlo simulation with
1,000,000 replicates. According to the EBITs, there was a significant change in earnings
management in 2014, which was consistent with the positive development of ease of doing
business in both countries. Durana et al. [52] also confirm parallels but indicate differences
between countries in the V4 and Baltic regions. The status of earnings management was set
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based on the observations of 1089 Slovak enterprises, 722 Czech enterprises, 766 Hungarian
enterprises, 1966 Polish enterprises, 483 Latvian enterprises, 501 Lithuanian enterprises,
and 649 Estonian enterprises. The year 2014 highlights acceleration in earnings manage-
ment for the Visegrad region, and the year 2016 is typically multiplicative in earnings
management for the Baltic regions. The mentioned changes in the development of EBITs
were gained by the SNHT and a von Neumann Monte Carlo using 1,000,000 replicates of a
Monte Carlo simulation during the 9-year period of 2010–2018.

6. Conclusions

The aim of this paper was to evaluate the detection power of homogeneity tests and
identify the one with the highest ability based on testing changes in the development
of profitability ratios across sectors in the Visegrad Four. The SNHT detected the most
occurrences of heterogeneity for all six profitability ratios based on Monte Carlo simulations.
This approach is reproducible for other markets and is also recommended for other ratios for
liquidity (e.g., cash ratio, quick ratio, current ratio), indebtedness (e.g., total indebtedness
ratio, debt-to-equity ratio, interest coverage ratio), and activity (e.g., collection period ratio,
credit period ratio, asset turnover ratio) to detect significant changes in their development.

The research also identified that the changes in profitability ratios had occurred in all
involved NACEs, but there were no balanced samples and no focus on the momentum in
performance. We may concentrate our future research efforts on preparing well-balanced
samples from the Visegrad region. In future studies, trend tests should be used to reveal any
positive or negative shifts in the profitability ratios of Slovak, Czech, Polish, and Hungarian
businesses. This will establish an opportunity to benchmark the development (upward or
downward) of profitability across these countries and sectors.
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