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Abstract:

There are a number of factors that might effect a country's growth and economy in today's globalised world. The
future of nations depends on a thorough examination of these issues. In this context, nations are categorised as
undeveloped, transitional, developing, and developed countries, among other things. Countries that are categorised
this manner and are in the same class have a wide range of commonalities. Using elements that influence different
degrees of development, this research aims to highlight the changes in the economies of Balkan and former Soviet
Union nations during the previous two decades. According to the years in which the socio-economic variables were
obtained, missing data imputation techniques were employed to identify the values of the variables that were not
present. Cluster analysis is used to identify nations that are comparable in terms of their degree of development, and
these countries are then grouped into clusters. For 1995 and 2015, the same processes are used, but the nations'

locations are indicated to have changed.

INTRODUCTION

Countries' economic progress has been a central
theme in the history of the world. In addition, there
are numerous other factors that may be used to gauge
a country's social and cultural progress, such as its
GDP. Countries may be compared based on these
factors. Developing nations, transition countries, and
industrialised countries may all be used as examples
of literature's degree of development. In this
perspective, it is clear that nations with equal levels
of development have the same names. As is well
known, access to data has become simpler in the
modern day. But there are still a few missing
numbers in the data Due to the importance of full
observations in data analysis, many statistical
approaches are utilised to overcome the issue of
missing data. A nation cannot be compared to other
countries if it does not have all of the necessary facts

to do so. The 54 nations included in this research
were compared wusing 14  distinct factors.
Comparisons between 1995 and 2015 are the primary
objective of this research. Missing value imputation
techniques were used to fill in the blanks in our data
set. After that, factors were grouped together in a
clustering analysis to determine which nations were
at different stages of development. For the years 1995
as well as 2015, these trades were made. One of the
goals is to track down how each country has evolved
over these last two decades. The following steps will
be taken to complete this project: Section II reviews
past research, Section III defines data and variables,
Section IV examines methods, and Section V offers
an interpretation of the findings. Section VI will wrap
up the research.
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PREVIOUS WORKS:

A panel of 23 OECD nations was employed by
Carree, Van Stel, Thurik, and Wennekers [1] for their
research. The equilibrium points between economic
growth and company ownership have been identified.
A comparison of GDP Per Capita in developed and
developing countries was performed by Maddison, A
[2]. Compared to the factor analysis based on the
socioeconomic development levels of Turkey and the
EU countries, Tas,. K. & zel, S.. [3] We used
hierarchical cluster analysis of the welfare regimes in
advanced nations to identify the clusters of the
welfare regimes based on a set of quantitative social
indices. Low technical efficiency has created an
economic growth gap between wealthy nations like
the United States and low-income countries like
China, according to research by Hulten, R. and A.
Isaksson [5]. Empirical conclusions based on human
capital and foreign direct investment (FDI) in
developing  countries  were  discovered by
Noorbakhsh, Paloni, and Youssef, A. It was shown
that the real exchange rate between developing
countries is strongly linked to the interaction between
international commerce, foreign direct investment,
and foreign direct investment. According to
Williamson and Boehmer [8], gender stratification
theory may be used to explain disparities in female
life expectancy across nations that are less developed.
In 2005 and 2012, Grzebyk, M., and Stec, M. [9]
used statistical analysis to assess EU nations' progress
in sustainable development.

DATA AND VARIABLES:

Analysis of data is A. A variety of websites were
explored to gather the information needed for the
study. Each year's data was collected independently,
beginning in 1995 and concluding in 2015. By
employing several missing value imputation
approaches, the data was able to fill in the blanks.
Both datasets had to be standardised since the
variables were measured in different units of
measurement. After that, the k-means approach was
used to do clustering analysis utilising standardised
variables. The B. Variables The following are the
factors that indicate a country's advancement.
Investment in US Dollars at current prices and
exchange rates in millions of FDI logarithms is
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referred to as FDI. « GDP: The logarithm of GDP in
constant 2005 U.S. dollars. (Import + Export) / GDP
 Real Effective Exchange Rate * Trade Openness *
CL: Civil Liberty Index: 1: Very High Civil Liberty,
7: Very Low Civil Liberty. « KOF: Globalization
Index From one to a hundred, globalisation is either:
Inflation: Consumer Prices on a Per Capita Basis *
PR: Political Right Index 1: a high level of political
right, 7: a low level of political right 0 on the
Economic Freedom Index means that there is no
freedom. 100: No Restraints. Internet users: the
proportion of the working-age population who are
educated at the secondary and tertiary levels.
Secondary: the proportion of persons of working age
who are educated. Tertiary: (per 100 people) There
are millions of ways to say "absolute number."
Economic output per worker (in constant 1990 US
dollars at PPP) is a measure of labour productivity.

METHODS:

It is important to note throughout the research that the
proper imputation procedures between missing data
were used to ascertain the missing values. As a result
of the various measures, the data must be normalised.
Using standardised variables, a clustering analysis
was performed as a final step. MICE, Amelia,
missForest, Hmisc, and mi packages and the
kmeans() function in the r programming language
were employed in our research for missing data
imputation. A. Imputation of Missing Values The
imputation of missing data has received a lot of
attention in the statistical community [10]. There are
a variety of ways to fill in the blanks when it comes
to missing values. As an example, there are a number
of techniques that may be used for a variety of
purposes. If you're going to get the best results, it's
critical to use the suitable procedure for the data
structure. To put it simply, regression analysis is used
to estimate the values of one or more dependent
variables using one or more independent variables.
Simple or multiple linear regression analysis is used
to detect the missing variable in numerical data,
whereas logistic regression is used to estimate the
value in binary qualitative data [11]. On the other
hand, in our analysis, we treated the data as a time
series since we had values from 1995 to 2015.
Whenever an observation's missing value is
discovered, the dependent variable is transformed
into the year, which is then used as an independent
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variable in the trend equation. Using this trend
equation, the imputation of a missing value is
achieved. Clustering with K-Means Clustering
methods include k-means clustering, k-medoids
clustering, hierarchical clustering, and density-based
clustering, to name a few examples. K-Means is the
most often used clustering technique since it is
simple to implement. The procedure has been
designed to accommodate a certain number of sets
(k). The procedure may be broken down into three
steps [12]. First, find the centre points. Centroids may
be used to measure the distance between objects.
Cluster the objects in the smallest possible distance.
The technique is then used to reduce this function to
the smallest possible value [13].
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wherex_ and ¢, show the j-th data point and the i-th

centroids. ||r’| —fll means the L norm of (x,—c).

RESULTS:

Table I and Table II provide the raw data for the
factors that determine the nations' development
levels. These charts show the mean, standard
deviation, and lowest and maximum values for each
country between 1995 and 2015. The raw status of
these variables is presented to better interpret the
data. After this, the data is normalised so that it may
be clustered.
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In the following table, we provide the findings of our
k-means clustering study. The k-means cluster
approach was selected using the principal component
analysis. The variance explanations for 1995 and
2015 were found to be 67.823 and 66.750,
respectively, after the study. As a consequence of this
investigation, the k values for both are set to 3. Table
IIT and Table IV exhibit the analysis findings for
1995 and 2015, respectively. According to K-means
clustering, there are three clusters of sizes 18, 20, and
16 for 1995, and three clusters of sizes 13, 23, and 18
for 2015. There was a significant difference between
the two years' worth of clusters in the ANOVA
analysis of the variables. Three clusters of 14
variables are also distinct.
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In the first cluster, nations like Brazil, Senegal, and
Morocco are considered developing countries when
we look at all three groups in 1995. The Czech
Republic, Poland, and Romania may be found in the
second cluster, as can Poland and the Czech
Republic. The third cluster includes nations like
Turkmenistan, Uzbekistan, and Angola. A close
examination of its findings reveals that it is rational
and consistent. After looking at the data from 2015,
it's easy to see why nations like Belarus, Turkey, and
Malta have remained stable. It may also be stated that
nations such as Egypt and Pakistan are shifting from
industrialised countries to transitional ones. The list
of developed nations also includes Argentina and
Russia in 1995. It may be argued that it belongs to
the group of developing nations based on the findings
of 2015. For this analysis, it is critical that the nations
in a given cluster have certain features. If in 1995 the
countries of Hungary and Estonia were grouped
together, then the countries of Tajikistan and
Turkmenistan were in the same cluster in 2015. This
illustrates that Venezuela's growth during the last two
decades has been negative.

CONCLUSIONS:

For the development of nations, 14 factors are
considered in this research. It was necessary to
compile information on 54 countries, including both
industrialised and developing nations as well as those
in transition. Foremost among them are the former
Soviet Union member states, as well as those of the
Balkans and South America. In addition, statistics for
1995 and 2015 were gathered for comparison.
Methods for assigning a value to an unobserved data
point are used first. Standardization and inclusion in
the analysis followed. K-means was used to evaluate
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the data between 1995 and 2015. The ANOVA study
found that the 14 variables were different among the
generated clusters of variables employed. Using the
results of clustering analysis, we were able to identify
three distinct groups. The 1995 and 2015 analyses
were compared. The findings show that certain
nations have advanced or regressed in the last two
decades. For nations to grow or decline in terms of
development over the course of 20 years is common.
According to the findings, Turkey has maintained its
position at the top of its class. Furthermore, in 1995,
Venezuela was in the same cluster as developing
nations, but in 2015, it can be claimed that it was in
the same cluster as transitional countries. Different
assessments of nations may be made based on
outcomes, of course.
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