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Abstract. Investment, the entry of foreign firms depends of a large extent on the country’s goodwill,
which is reflected in various ratings. This representation of the situation is approximate, as it does
not estimate the differences between the values of the indicators with adjacent grades. This can be
avoided by dividing countries into homogeneous groups. It is appropriate to do so on the basis of
non-linear grouping rather than linear grouping. It is based on the transformation of data into a
dimensionless scale and linear grouping. In the case, its homogeneity increases thanks to the level-
ling of the most distinctive values and the alignment of the statistical characteristics of the groups.
The aim of the article is to propose in principle, a new approach to the ranking of countries on the
basis of their level of economic development. It was found that the nonlinear decision of countries
into homogenous groups and compared to the linear grouping more accurately reflect the current
situation.

Keywords: economic development, gross domestic product, Harrington curves, non-linear
grouping, interval compilation, homogenous group of countries.
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Introduction

An essential feature of the world around us is the increase in the scale, dynamics and diver-
sity of information flows. In order to use it effectively for analysis, evaluation, management
of development processes, it needs to be formalised. This makes it possible to reveal the
characteristics, characteristics, features, of the meanings in question, which, by their very
nature, become criteria. When they are expressed quantitatively, we get the indicators. The
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indicators reflect primary data. By combining indicators expressed in the same units of the
measure into a single aggregate size, indexes are obtained. Both indicators and indices can
measure the various aspects of the development of the countries — economic, social, ecologi-
cal, cultural, etc. Indicators and indices also play a key role in the various types of ranking,
including the countries. In the context of globalisation, information on country ratings in
one aspect or another is of paramount importance as it is the basis for strategic decisions by
the institutions concerned; external investment flows, international contracts, the creation
of branches of foreign companies.

In this situation, the question of the adequacy of ratings becomes important, both sci-
entifically and in practical terms. The analysis shows that the comparison among parties in
one aspect of grade aid is misleading as the current situation is only approximate, distorted.
This can be illustrated by the example of the European Union (EU) countries. Luxembourg’s
domestic gross product per capita (GDP) in 2019 was as high as 41.5% higher than in Ire-
land, Ireland 35.4% higher than Denmark, Denmark 13.4% higher than the Netherlands,
while Germany’s GDP was only 0.2% higher than in Belgium, Estonia only 0.4% higher
than in the Czech Republic, Slovakia also only 0.4% higher than Greece (UNCTAD, 2021).
In the meantime, Luxembourg ranked 1, Ireland 2, Denmark 3, the Netherlands 4, Germany
8, Belgium 9, Estonia 17, Czech Republic 18, Slovakia 21, Greece 22, i.e. regardless of the
difference in values among their ranks. This shows that we also need to look for other, more
adequate, country rankings.

The aim of the article is to propose, in principle, a new approach to the ranking of coun-
tries on the basis of their level of economic development.

In order to achieve it, the literature review analyses the sources that provide indicators of
economic development in the countries, as well as the way in which they are ranked today.
The study methodology shows how to determine the adequacy of today’s generally applicable
ranking of countries on the basis of the grades.

The empirical part of the article, based on the proposed methodology, presents and com-
pares the results of the linear and non-linear grouping of the countries of the European
Union in terms of economic development. The discussion describes the practical benefits
which can be given to groups of countries rather than grades. The conclusions presented
the main results of the article, as well as the directions of further investigations and their
limitations.

An original methodology was proposed to increase it on the basis of a non-linear group-
ing of countries into homogeneous groups. The empirical part of the article demonstrates
that the ranking of countries based on grades is inadequate and, according to the proposed
methodology, EU countries are grouped according to adjacent grades with differences in
indicator values. The options and directions for further studies, as well as possible limitations
on them, are indicated.

1. Literature review

In the global context of internationalisation and globalisation, cross-country comparisons are
becoming increasingly important. It is in the context of other countries that the real situa-
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tion of the country taken individually becomes clear. Generally accepted and probably the
only way to compare them today is ranking. Given that a country’s rating may influence its
development factors such as investment, goodwill, etc., it is essential to adequately identify
the positions of the parties vis-a-vis each other. The extent of its application, and therefore its
importance, can be illustrated by the example of foreign direct investment (FDI). In the con-
text of a market economy, they play a crucial and crucial role in the economic development of
many countries (Cicea & Marinescu, 2021; Oh & Kim, 2018; Sarkodie & Strezov, 2019; Wang
et al,, 2019). This is particularly true for EU Member States, which are significantly lagging
behind the developed (Burns et al., 2017) members of the Community. In some cases, they
increased their FDI revenues by more than 50%. (UNCTAD, 2021). An increase of 1% of
GDP in foreign direct investment increases from up to % of GDP (Baiashvili & Gattini, 2020).

The scale of FDI directly depends on the country’s attractiveness from the perspective of
potential investors (Kozlova & Collan, 2020; Rodionov et al., 2021; Godlewska-Majkowska &
Komor, 2021; Ly et al., 2018). It is a complex size that combines many indicators within itself.
The most frequently mentioned are: GDP, competitiveness, corruption, labour market, tax
policy (Samborskyi et al., 2020; Maza & Villaverde, 2015; Bayar et al., 2020). Potential inves-
tors, when choosing the country of investment, compare all these indicators with each other
by ranking them. At the same time, the parties are rated. Aggregate rank and final invest-
ment decision (Lahrech et al., 2020; Golubeva, 2020; Groh et al., 2018; Saisana et al., 2020;
Kearney, 2021). For example, country ranks by GDP can be found in Eurostat’s information,
corruption index reflects Corruption Perception Index, the understanding of happiness —
Happiness index, the development of humanbeing - Human Development Index, income
irregularity - Gini Coeflicient and on... Countries are ranked according to their income. Its
shows Country Classification Income Level Index.

Gross domestic product per capita is perhaps the main indicator of the country’s attrac-
tiveness in terms of FDI, and it makes the sense to determine the extent to which it affects
them. This can be done on the basis of the following correlation-regressive analysis model:

P =f(BVP,), (1)

where P; is the country’s foreign direct investment, net inflows (% of GDP); GDP; - country’s
gross domestic product per capita.

The EU countries with significantly lower GDP (Romania, Bulgaria, Baltic countries)
compared to developed countries were selected. Based on the (1) equation it is shown that
correlation relations are realty similar (r = 0.88). On the other Land, in economically devel-
oped countries, such as Ireland, Denmark, Belgium, Germany, and so on, GPD doesn’'t have
the influence in FDI (r = 0.27). It means that because of high regiments while entering the
market the high technological level of investors enter the market is not economically correct.
It is much simple to invest is to less economically developed countries, where labor force is
cheap, the competitive level is high. Thus, the country’s rating is a very important indicator,
both strategic and political, on which the country’s further development depends to a large
extent, and it is therefore essential to adequately identify the situation of the countries in
relation to each other in this respect. The objective of the article is a comparative assessment
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of the economic development of countries, so the first step is to use an indicator reflecting it.
This depends on two essential elements: a properly selected criterion against which countries
are compared and the way in which they are compared.

Quantitative assessment of the state of economic development of the countries. The
countries’ development efforts are primarily geared towards economic development, an
essential condition for people’s well-being. It is therefore important, from a scientific
and practical point of view, to adequately assess the level achieved. The choice of the
indicator reflecting it is difficult for several reasons. In particular, it is by nature complex
because it combines development factors such as technological progress, labour and fi-
nancial markets, infrastructure, investment (Ozeliené, 2019; Gedvilaité, 2019; Boggia &
Cortina, 2010; Molly, 2018; Jia et al., 2017; Li et al., 2018). On the other hand, its struc-
ture must be universally accepted in order to allow comparisons among countries. Its
meaning must be understandable and information about it easily accessible. It is in this
context that the proposed indicators of economic development of the countries need to
be compared. The analysis of literature sources shows that there is a very large number
of proposals to measure economic development in countries, but there is no consensus.
All of them can be relatively divided into two groups. The first ones are those who pro-
vide a set of indicators. Representatives of the second study group combine part of these
indicators into a single aggregate size (Figure 1).

[ Assessment of the economic development of the country ]

| Based on indicators setup | | Based on indicators aggregation |

| One of the setups indicators | | Cross-cutting assessment indicator (index) |

Figure 1. Indicators for the quantification of countries’ economic development
(source: drawn up by the author)

Figure 1 allows for a more detailed analysis of existing proposals. The set of indicators
on the basis of which it is proposed to assess a country’s EP differs in complexity, some be-
ing fewer and others more detailed. The former can be viewed as components of economic
development, which, in their sense, form the basis of a country’s economic activity. The
following formation shall be indicated: labour, technology, infrastructure, financial capital,
leadership (Simelevi¢ & Bagdzevi¢iené, 2001). Other studies provide a much broader set of
EP indicators. In one case, for example at company level, it is proposed to reflect economic
development by the following elements: economic results (30%), product quality (20%), out-
put (15%), investment (15%), financing of socially responsible activities (10%), supply chain
management (10%) (Jus¢ius & Griauslyté, 2014). Otherwise, these include globalisation and
conversion of production, innovation, competitiveness (Garbie, 2014), production costs (Lu,
2017; Huang, 2017), product quality, response time to product development (production)
orders (Singh, 2016), cash flow (income, expenses, taxes, wage bills, arrears) (Slaper & Hall,
2011; Tan et al., 2015; Hasan et al., 2017). Many literature suggests a highly detailed set of
indicators of economic development (Gedvilaité, 2019).
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Summarising the proposals for a quantitative assessment of the economic development
of the first group of countries, all of them, ranging from the EP components to the primary
indicators, are characterised by the same disadvantage, which do not allow a generalised
picture of development. This is because they reflect the nuances of the EP, as a high degree
of complexity, only individual, local, nuances. It was proposed how to get out of this situa-
tion — take the one that is characterised by the greatest complexity of (Chursan, 2013) from
the number (Gedvilaité, 2019; Bolcarova & Kolosta, 2015; Babu & Datta, 2015) of indicators
as representative.

In the second group of research, some of the indicators reflecting the EP are being com-
bined into a single aggregate size, thus making an integrated assessment of the state of devel-
opment (Ciegis et al., 2011; Radovanovi¢ & Lior, 2017; Jia et al., 2017; Bolcarova & Kolosta,
2015; Chursan, 2013; Babu & Datta, 2015; Gedvilaité, 2019).

Their analysis showed that in one case the economic development of the countries was
analysed on the basis of 12 indicators, the second on the (Bolcarova & Kolosta, 2015) basis
of 10 indicators, the third (Jia et al., 2017) on the basis of 9, and (Radovanovi¢ & Lior, 2017)
the fourth on the basis of 3 (Chursan, 2013; Babu & Datta, 2015). Thus, the number of indi-
cators ranges from 3 to 12. In addition, their different formations, the way in which they are
aggregated, the high cost of calculations due to the involvement of experts and the obtaining
of primary values of the indicators, etc.

The analysis of the ways in which countries’ economic development is quantified leads
to a number of conclusions. Firstly, today there is no such indicator that would be univer-
sally accepted as an adequate indicator for the national EP. Secondly, the indicators taken
individually reflect only local aspects of economic development, so their complexity does
not correspond to the complexity of the EP phenomenon and therefore cannot adequately
reflect the level of EP reached. Thirdly, the models of integrated assessment of development
are imperfect, incomplete, as evidenced by their abundance, and therefore cannot adequately
reflect the current level of economic development in a country. In this situation, it is appro-
priate to follow the principle of “receiving the best of all evils”. To this end, all proposals need
to be assessed in the context of the national EP indicator requirements.

For the reasons presented above, it is practically impossible to measure the economic
development of countries by means of a single aggregate of a number of sub-indicators. There
is another way used exclusively today - to take an indicator which, by its complexity, is most
close to the complexity of the phenomenon under consideration, i.e. the country’s economic
development. It is a gross domestic product per capita. For international comparisons, despite
its limitations, it is appropriate because it is calculated on the basis of a uniform methodology
and information about it is easily accessible.

The ranking of the countries on the basis of the values of the indicator under consideration.
The ranks of the parties have a multifaceted function: the public, scientists and interested
instances are informed of the positions they hold in relation to each other, both in relation
to each other. Such information is important as it can influence both political and economic
strategic decisions, as well as shape the country’s image. Trust in a country as a partner, the
scale of investment, the entry of foreign firms into domestic markets, international contracts,
etc. may depend on this.
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The information needed to rank the parties is provided by various databases. One
of them is specialised and the other is of a general nature. The first ones include: The
World Bank Open Knowledge Repository, NATO e-library, JMF eLIBRARY, JAEA Library,
UNiLibrary, International Financial and Credit Risk Management Database, electronic bill-
ing database. A number of such databases are available in the field of science - EBSCO
Publishing, Taylor & Francis Online, Emerald, Web of Science, Scopus. The most popular
database is Eurostat.

On the basis of the information provided by these and other databases, indicators are
ranked across different areas of activity. For example, countries are ranked on the basis of the
following indices: human Development Index (Human Development Index), Corruption Per-
ception Index, Anti-money laundering Index, Quality of Life Index, etc. On the other hand,
the analysis shows that grades do not adequately reflect the real situation, i.e. the position of
the parties vis-a-vis each other, so it makes sense to look for different ways of displaying it.

The key indicator for determining a country’s prestige is its level of economic devel-
opment. It is examined in the context of three key interrelated criteria: changes, growth,
improvement (Simelevi¢ & Bagdzevic¢iené, 2002). In additional to economic development,
economic growth is also distinguished. This concept refers to an increase in the volume of
production and services provided over a given period. This increase is reflected in the posi-
tive development of the real GDP indicator. Economic growth is at the heart of economic
development. Thus, economic development is a broader concept and in addition to economic
growth, includes also structural changes that lead to the creation of people’s well-being, im-
provement of quality of life (Gani¢ & Hrnjic, 2019; Younsi & Bechtini, 2019; Ouechtati, 2020;
Avetisyan, 2020). In this context, it is appropriate to examine the adequacy of the counties’
situation through grading, in particular on the basis of their economic development.

2. Test methodology

When selecting a country’s economic development indicator, it is necessary to follow its re-
quirements: complexity, universally accepted structure, easy-to-understand meaning, easily
accessible information. In this context, both options in Figure 1 need to be analysed. One of
them is the formation of a complex indicator by combining partial indicators into a single
aggregate size. It has to be abandoned for the following reasons: the content and number of
system indicators and the way in which they are combined, the high cost of calculations, the
difficulty of obtaining primary information on the values of the indicators are not generally
approved. There is another way to pick from the proposed indicators the one that best meets
the requirements. Gross domestic product per capita is most frequently mentioned and used.
This is not an accident. Of all possible indicators, it has the highest degree of complexity and
therefore adequately reflects the fundamental aspects of the country’s economic development;
the calculation is based on a uniform methodology and therefore allows comparisons among
countries; information about it is regularly provided by international databases, making it
easily accessible. In addition, almost all authors put it into the system of indicators of eco-
nomic development in the countries. On this basis, the analysis will be carried out on the
basis of this indicator.
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The following model of correlation-regression analysis is used to determine the adequacy
of the economic development of the countries by graded economic development:

R; = f(ABVP), 2)

where R; rank of economic development of the country; ABVP, - the importance of eco-
nomic development, measured by countries R; and R;,; grades.

If the connection proves unnecessarity, the ranks do not adequately reflect the situation
and need to look for other ways of displaying it. One of these is the grouping of countries
based on indicator values. In this way, it is possible to form homogeneous groups of them
and to better reflect the current situation.

Statistics can be grouped in two ways, based on a fixed number and when they are not
known. In the first case, the group size or range D may be determined as follows (Tarka &
Olszewska, 2018; Bak et al., 2002):

_ BVP .. —BVP,,

D , (3)
m

where the BVP, .. GDP of the country for which it is the highest; BVP, ., - the same as for
which it is the smallest, 1 - number of groups.
Where the size m is unknown, the number of groups shall be determined as follows:
BVP_ .« —BVP..,
143,322 logN

D= 4)

where D - the size of the interval; N — number of parties concerned.

The formulas (2) and (3) show that they reflect the linear division of statistical data into
groups. It gives only an approximate picture, since one or more significantly different values of the
indicator can significantly influence the result of the grouping. This can be avoided by applying
non-linear data grouping methods based on non-linear normalization (Ginevicius et al., 2021a).

In such a case, on the basis of functional dependencies, existing, actual, values of the
indicator in question are transformed into a dimensionless scale. The expression of such
dependence may be as follows (Trishch & Slityuk, 2006; Ginevicius et al., 2021b):

exp[—exp(—X')] + {1 - exp[—exp(—X’)J}

Y, =F(X;)= ; , (5)

where Y; i means the value of the GDP of that country in a dimensionless scale; X; - the
value of the GDP of the country I in the intermediate scale.

Dependency represents the asymptotic distribution of the random values of the median
values of the statistical population. It is monotonous in nature with fracture points, the num-
ber of which depends on how many groups are. For example, if they are three, there will be
two break points: Y; = 0.37 and Y, = 0.63 (Figure 2).

Values in Figure 2 X - axis tied to Y axis:
X'=-In(-InY), (6)

here, In is a natural logarithm. For example, Y':ln(—ln0.63)=0.772398z0.77 and
Y'=1In(-In0.37)=0.005~0 .
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Figure 2. Graphoanalytical model for the division of the statistical population into three groups
(source: Trishch & Slityuk, 2006)

The practical application of the model shown in Figure 2 is carried out in three stages.
The first sets the maximum and minimum values for the indicator in question. In the second,
its intermediate values X; yeqyeen. 1f divided into three groups, there will be two. They shall
be determined on the basis of formula (1). Finally stage, the partial data scale X; is identified
with the intermediate scale X'. For this purpose, the method of dividing the sections into
equal proportions can be applied:

. X X
I S G 7)
1+8
where the beginning of the X/ i-th interval on the scale X;; X', the same, the end.
The size y shall be determined as follows:
X, —X.
Xir = Xia

where X, is the real value of this indicator on the scale X;.
On the basis of this methodology, the countries of the European Union are grouped ac-
cording to their economic development.

3. Empirical study of results

On the basis of the methodology set out above, a grouping of the European Union countries
according to their economic development (GDP) was carried out in 2019, both linear and
non-linear. Baseline data are given in Table 1.
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Table 1. EU countries’ gross domestic product per capita in 2019, thousand. Euro (source: UNCTAD,
2021)

Order ' GDP difference between adjacent grades
No: Country GDP per capita | Rank
Euro %
1 Luxembourg 102.20 1 - -
2 Ireland 72.26 2 29.6 40.8
3 Denmark 53.37 3 19.2 36.0
4 | Netherlands 46.88 4 6.5 13.9
5 Sweden 46.39 5 0.5 1.1
6 | Austria 44.78 6 1.6 3.6
7 Finland 43.51 7 1.3 3.0
8 Germany 41.51 8 2.0 4.9
9 Belgium 41.46 9 0.05 0.2
10 | United Kingdom 37.83 10 3.7 9.8
11 | France 36.14 11 1.7 4.7
12 |Ttaly 29.98 12 6.1 20.4
13 | Malta 26.92 13 3.1 11.6
14 | Spain 26.43 14 0.5 1.9
15 | Cyprus 25.27 15 1.1 4.4
16 |Slovenia 23.17 16 2.1 9.1
17 | Estonia 21.22 17 2.0 9.5
18 | Czech 21.14 18 0.1 0.5
19 | Portugal 20.80 19 0.3 L5
20 | Lithuania 17.47 20 3.3 18.9
21 Slovakia 17.22 21 0.3 2.4
22 | Greece 17.11 22 0.1 0.6
23 | Latvia 15.43 23 1.2 7.6
24 | Hungary 14.95 24 0.9 6.0
25 | Poland 13.90 25 1.1 12.8
26 | Croatia 13.34 26 0.6 4.6
27 | Romania 11.51 27 1.8 15.7
28 |Bulgaria 8.78 28 2.7 30.7

In particular, the ranges, the sizes and the number of countries covered were established
on the basis of formulas (2) to (7) (Table 2).

Table 2 shows that the results of linear and non-linear grouping differ between the ranges
and the size and the number of countries covered.

According to Table 2, EU countries are grouped (Table 3).

The question arises about the appropriateness of non-linear grouping compared
to linear. There is no answer yet and cannot be. This can be explained by analogy with
multi-criteria assessment. There are a lot of his methods, because there is no ideal option.
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This is also the case in the case of grouping, i.e. that there is no ideal (if at all possible) method
of grouping until we can unequivocally answer the question of the accuracy of existing meth-
ods. The fact that the non-linear grouping is more precise than the linear one can be inferred
from the fact that, in the first case, the ranges are different, i.e. they “response” to the difference
among adjacent values. Meanwhile, in the case of linear grouping, the statistical sample is simply
mechanically divided into the selected number of ranges and therefore their size is the same.

The adequacy of the linear grouping can be verified on the basis of the following model
of correlation (1) analysis (Table 1).

The calculations showed that there is AQ; almost no relationship between R; and (r =
0.154). This confirms the claim that the comparison among the parties on the basis of grades
is inadequate and that different approaches to the comparison among the parties are necessary.

The results obtained in the article, their meaning, can be commented on in two respects.
The first is that a new approach to country ranking has been proposed. Today’s high rating at
the same time means the country’s high international prestige. In our case, a high GDP indi-
cator, reflecting economic development, makes the country attractive to potential investors.

The article demonstrates that today’s generally applicable ranking of countries on the
basis of grades is inadequate. As a result, some of them are unprofitable and others are being
undermined. The proposed solution to this situation is to reflect the situation of the countries
in a homogeneous way in terms of the value of the indicator in the groups of countries rather
than grades. This solves the problem of rating adequacy.

In this direction, there is a problem, both in practice and in theory, of an adequate di-
vision of countries into groups. Today, this problem has not been resolved, as mechanical
increases are proposed and presented, i.e. when all groups are of the same size. This is the
so-called linear grouping. Meanwhile, in real life everything happens in a non-linear way.
The article proposes a methodology for the non-linear grouping of the statistical population,
which has been successfully adapted to divide EU countries into groups according to their
level of economic development.

In order to consolidate this methodology, it should be extended to other similar prob-
lems. This is possible because the methodology is universal. Its meaning is increasing as the
volume of the statistical population increases.

On the other hand, it can be assumed that the effectiveness of its application may be
reduced if the statistical population is very homogeneous, i.e. when the values of all the in-
dicators with adjacent ranks are very close. All this must be demonstrated by future research.

Conclusions

In the context of globalisation, comparisons among countries in one aspect or another are
of particular importance, as this is the basis for strategic development decisions, which in-
fluences investment flows, contracts, the entry of foreign firms into the country, etc. These
comparisons are carried out when the countries are ranked. Grades are awarded depending
on the values of the indicator that reflects the aspect under consideration. In assessing the
importance of ranking, it is important that the parties’ ranking is adequate, i.e. conveying a
true picture. The analysis shows that grading on the basis of contiguous values only repre-
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sents a rough, sometimes even misleading, situation. This is because the countries, regardless
of whether the values of the indicator in question are almost the same (difference in 100 ths)
or tens of percent, still acquire adjacent ranks.

Another, more adequate way of ranking is to convey the current situation to homoge-
neous groups of countries rather than grades. On the other hand, there is a problem of the
adequacy of grouping countries. Today, linear grouping is exclusively applied, i.e. the statisti-
cal sample is mechanically divided into a selected number of groups. In this case, countries
with almost the same indicator values can be found in different groups, and vice versa, coun-
tries with significantly different indicator values will be in the same group. The possibility of
such a situation is confirmed by the results of the correlation analysis. They showed that there
is practically no link in the difference between the economic development grade granted to
the country and the values measured in adjacent grades. (R = 0.154).

The application of the proposed methodology may be limited by the difficulties associ-
ated with the reorganization of international databases. They should convey the situation
of countries not by rank but by homogeneous groups. Further research should reveal the
inadequacy of conveying the states of the countries not only in economic development but
also in other areas.
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