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ABSTRACT 

of the qualifying work 

for obtaining the educational and qualification level “bachelor” 

Litsman Maryna Andriivna 

ANALYSIS AND FORECASTING THE IMPACT OF THE COUNTRY'S 

DIGITALIZATION LEVEL ON ITS ECONOMIC DEVELOPMENT 

The fourth industrial revolution led to the invention and implementation into 

various spheres of life of artificial intelligence, the Internet of Things and Services. We 

can say that the economy is being transformed into a digital one. 

The main advantages of digitalization are: increasing productivity by reducing 

manual labor and thus improving product quality. 

On the other hand, digitalization can increase unemployment due to robotization 

of processes, people can be not fine with. 

 But today the main problem is that digitalization highly affects on the level of 

cybercrime. That is why the topic of the diploma is relevant, which is devoted to 

determining the impact of the level of digitalization of the country on the factors of its 

economic development in order to identify those who have the closest relationships, 

which will build models for forecasting. 

The object of this study is the economic indicators of the world, such as GDP, 

life expectancy, income, etc. 

The subject of the study is statistical, analytical and software tools used to 

identify economic factors that are affected by the level of digitalization of the country. 

Methods of research – analysis of empirical databases for 138 countries on their 

economic and digital development in 2019. 

Information base – World Bank Internet resource and the e-Governance 

Academy Foundation; Python programming language documentation. 

The main contribution of the work is the results of the study were tested by 

publishing 1 article in a professional journal of category B and implementation in the 

discipline of the educational process "Introduction to Business Analytics" and 

"Forecasting of socio-economic processes".



 
Keywords: digitalization, economic development, cluster analysis, principal 

components method, polynomial regression. 

The content of the qualification work is presented on 31 pages. The references 

consist from 30 names, placed on 3 pages. The work contains 20 figures, 2 appendices.  

Year of performance of qualification work – 2022. Year of protection of work – 
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7 
INTRODUCTION 

 

 

The digital world has evolved at a huge rate in the last decade. The development 

of the Internet, mobile communications, and online services is a basic tool for shaping 

the digital economy. 

These processes affect all sectors of the economy and social activities, 

manufacturing, health care, education, finance, transport, and so on. It is known that 

not all countries are developing equally and an important feature is the rapid increase 

in the digital divide, which threatens to lag behind. For any country, the manufacturing 

sector and maintaining its own technological level is a strategically important national 

task for the development of the economy, services and ensuring the growth of income 

and national welfare. [1]. 

That is why the topic is devoted to statistical analysis and modeling of the 

process of identifying economic factors that affect the level of digitalization of the 

country. Accordingly, the relevance of the topic allowed to determine the object and 

subject of research. 

The object of this study is the economic indicators of the world, such as GDP, 

life expectancy, income, etc. 

The subject of the study is statistical, analytical and software tools used to 

identify economic factors that are affected by the level of digitalization of the country. 

- The object and subject of the study was determined by its purpose. The 

purpose of the research is to study the impact of digitalization of countries on their 

economic development, which is to identify clusters of countries with similar trends, 

as well as to build models for forecasting the development of individual economic 

factors depending on the level of digitalization. To achieve this goal it is necessary to 

implement the following tasks: 

- describe the essence of digitalization of the country;  

-  identify economic factors that are affected by the level of digitalization 

of the country;  
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- develop a conceptual research model;  

- calculate and analyze basic statistics;  

- visualize the main factors;  

- perform correlation analysis and apply the principal components method;  

- to carry out a cluster analysis of countries by the level of digitalization, 

taking into account the level of economic development;  

- build models for predicting the impact of digitalization on the factors of 

economic development. 

The information and factual base of the study consisted of: empirical databases 

for 138 countries on their economic and digital development in 2019. The source of 

indicators presented in the paper is the World Bank Internet resource and the e-

Governance Academy Foundation; Python programming language documentation 

used for calculations. An array of data was generated and cleaned up for missing 

values, duplicates, anomalous emissions, etc. 

The results of the study were tested by publishing 1 article in a professional 

journal of category B and implementation in the discipline of the educational process 

"Introduction to Business Analytics" and "Forecasting of socio-economic processes". 
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1 ANALYSIS OF THE PROCESS OF IDENTIFYING ECONOMIC FACTORS 

AFFECTED BY THE LEVEL OF DIGITALIZATION OF THE COUNTRY 

 

1.1 The essence of digitalization of the country 

 

Digitalization is the introduction of modern digital technologies in various 

spheres of life and production. Globalization is a concept of economic activity based 

on digital technologies implemented in various spheres of life and production. And this 

concept is widely implemented in all countries. 

Why haven't all countries reached digitalization yet and why isn't it working as 

globally as we would like? There is one small nuance: to digitize all countries, you 

need to start electrifying them. People in Africa or the northernmost parts of our planet, 

for example, find it difficult to explain the advantage of a smart refrigerator that will 

check the freshness of products and order new ones if necessary. Especially if these 

people store all the products in the basement and grow everything in their own gardens. 

They simply do not understand modern technologies. 

Apparently, the main area where digitalization is sought in all countries is the 

economy, which is gradually becoming digital today. That is, all data is processed 

digitally. 

The digital economy is an economy based on technology using leading 

computing devices and technology. This type of economy is sometimes confused with 

the Internet economy or the web economy. Digital economy is the sale, production and 

delivery of goods (services and documentation) via the Internet. 

The term "digital economy" first appeared in 1995 in the scientific works of 

Professor of Management D. Topscott from Canada and quickly spread all over the 

word, replacing such economic sciences and concepts as "New Economy", "Web 

Economy", "Internet Economy" , "Network Economy", and giving this term a more 

specific meaning. According to the scientist, in comparison with the traditional market, 

the advantages of digitalization should include: the virtual nature of economic 

relations; lack of physical weight of products, the equivalent of which will be the 
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amount of information; low level of costs for the production of electronic goods and 

less space that will be occupied by electronic means and media; instant global data 

exchange via the Internet; emergence of new digital currencies. 

The transformation into a digital economy allows citizens to access services and 

goods faster and easier. Consequently, a huge contribution to the development of the 

digital economy of a state is planned. 

The digital economy of the state, which focuses on a new type of information 

and telecommunication technologies, is a key and modernized sign of sustainable 

economic development of the country. There are objective reasons for this: the use of 

computers in all spheres of life, the absolute and full use of mobile devices, the growing 

network dependence in society, the constant need for the most "digital" workers in the 

labor market. 

If we take into account the updates in the economic dictionary, then such terms 

as cyberphysical systems, sensor technologies, big data analysis technologies, etc. have 

been established. For developing countries, the reorientation of the economy to a digital 

way of functioning is accelerating. 

The digital economy can be defined as an economy based on the transfer of data, 

which due to modern opportunities for their generation, analysis and further decision-

making become a valuable resource. Provision of digitalization is carried out in the 

information and computer environment by means, tools and objects of information 

infrastructure. 

If we classify the countries of the world according to the level of digitalization, 

we can distinguish 4 levels of population development: 1) constrained - the level of 

digitalization of the economy 1-29% (65 countries - Ghana and the lion's share of 

Africa, Hungary, Vietnam, etc.); 2) emerging - the level of digitalization of the 

economy 29-39% (19 countries - Tatarstan, Kazakhstan, China, etc.); 3) transitional - 

the level of digitalization of the economy 39-49% (28 countries - Peru, Brazil, Mexico, 

Ukraine, etc.); 4) advanced development - the degree of digitalization of the economy 

more than 49% (37 countries - the United States, Finland, Sweden, Norway, France, 

Germany, etc.) [2] 
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According to a study by analysts of the UN Development Program according to 

PWC criteria, the economy of Ukraine was classified as the third level, which may 

confirm the reliability of increasing the possibility of ICT in the country. In terms of 

gross domestic product per capita, Ukraine ranks 133rd and 84th in the HDI rankings. 

Also, it can be noted that the fourth level is developed countries, where the level 

of digitalization is higher. These countries are characterized by a high level of GDP 

per capita and an indicator of human development. Thus, the level of GDP per capita 

and the human development indicator are directly proportional to the level of the 

country's digital economy. 

In Ukraine, digitalization in the potential of opportunities can become a basis for 

stimulating economic growth, the basis of a new path of development in terms of 

depletion of traditional raw materials for the domestic economy. It is clear that the key 

to the success of digital modernization of the economy is a comprehensive study of the 

digitalization process [3]. 
 

1.2 Characteristics of economic factors affected by the level of digitalization 

of the country 

 

At the beginning of the study it is necessary to determine the indicators that will 

be used in the calculation process and which will characterize, on the one hand, the 

degree of digitalization of countries, and on the other hand, the level of their economic 

development. The Digital Development Level (DDL) index, determined by the e-

Governance Academy Foundation, was chosen for the first feature, based on the degree 

of development of information and communication technologies and network readiness 

of countries to implement and use the latest technologies. This indicator shows how 

fast the digital society in the country is developing. The higher its value, the more 

powerful are the processes of digitalization and informatization of the country. 

For the second feature, 11 indicators were selected, which are used in various 

scientific studies to analyze the economic development of countries: 
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– Gross Domestic Product Per Capita (GDP) – gross domestic product per 

capita. This is a key indicator that characterizes the level of economic development and 

represents the sum of gross value added of all resident producers, including all taxes, 

but excluding subsidies on products, depreciation of assets, depletion of natural 

resources spent on production; 

– Inflation in Consumer Prices (ICP) – inflation rate, expressed in consumer 

prices. This is the most commonly used indicator for characterizing the economic 

development of countries, showing the percentage of changes in the prices of the 

consumer basket of goods and services consumed by households. The highest inflation 

rates indicate low rates of economic development and inefficiency of public 

administration in economic development and policy; 

– Unemployment Total (UT) – unemployment rate. It is a part of the labor 

force that does not have a job, but is at the stage of its active search. Its high level is 

typical of countries with low economic and social development; 

– Vulnerable Employment Total (VET) – level of vulnerable employment. 

Shows the level of self-employed and family workers without receiving compensation 

for their work. High values of this indicator are typical for countries with low rates of 

economic development and typical for economies with a large agricultural sector and 

low level of industry; 

- Government Expenditure On Education (GEE) – government spending on 

education. Characterize the level of economic development and provides for public 

expenditures, financed by transfers from international sources of government, for the 

formation of a quality education system in the country; 

- Revenue Excluding Grants (REG) – income excluding grants. This is an 

indicator that includes all the country's cash receipts from taxes, social security 

contributions and other revenues (fines, fees, rents and income from property or sales). 

It can probably indirectly depend on the level of digitalization of the country as a source 

of additional income; 

- High-technology Exports (THE) – export of high technologies. It is an 

indicator that characterizes the level of development of the industry sector related to 
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research and development in the field of high technology, which indicates the high rate 

of development of the computer, digital and information technology industry; 

- General Government Final Consumption Expenditure (GGFCE) – final 

consumption expenditure of the general government sector. Related to the 

government's current expenditures on goods and services, national defense and security 

expenditures, which also include cybersecurity expenditures in the country; 

- Life Expectancy at Birth (LE) – life expectancy. It is an indicator of the 

quality of life, level of economic and social development of countries. Its highest 

values correspond to economically developed countries, and the lowest are 

characteristic of the least developed countries; 

– Ease of Doing Business Score (EDB) – assessment of ease of doing business. 

It is an important indicator of how many countries have created the conditions for 

organizing and conducting business by different economic entities. Its value, which is 

close to 100, indicates the most favorable conditions for economic activity, which 

provides increased economic development through increased tax payments, increased 

gross domestic product, increased employment, etc;  

– Wage and Salaried Workers (WSW) – hired and paid workers. Shows the 

total number of specialists who are employed in the public and private sectors and 

receive remuneration in the form of salaries, bonuses, commissions, etc. The highest 

value corresponds to countries with a high level of economic development. 

Empirical data of selected indicators were taken for 138 countries in 2019 from 

the official Internet resource World Bank and e-Governance Academy Foundation. We 

import input using the Python programming language [4], namely the Pandas library, 

which provides ample opportunities for data analysis (Fig. 1.1): 
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Figure 1.1 - Import input data 

 

1.3 Conceptual research model  

 

In order to systematize the future analysis, a conceptual model of the study was 

created (Fig. 1.2). In the first step, indicators are selected, statistical analysis is 

performed using the Python programming language. The data are analyzed by 

calculating the main statistical characteristics, then they are grouped by specific 

characteristics and the distribution of each of the characteristics is built. A correlation 

matrix is calculated, which identifies variables with a strong relationship that is taken 

into account in the regression process. To determine the map of clusters of countries, the 

method of main components will be applied to the factors that characterize economic 

development, inorder to eliminate multicollinearity between them and reduce the 

dimensionality ofdata. 
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Figure 1.2 - Conceptual research model 

 

The main components are selected. The number of the most optimal clusters is 

determined on the basis of the Elbow Method. In the last step, forecast models are built 

that demonstrate the impact of digitalization on the most correlated factors that 

characterize economic development. 
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2 STATISTICAL ANALYSIS OF THE INFLUENCE OF THE LEVEL OF 

DIGITALIZATION OF THE COUNTRY ON ITS ECONOMIC DEVELOPMENT 
 

2.1 Calculation and analysis of basic statistics 

 

We will perform a statistical analysis, which will determine the main statistical 

characteristics of each numerical feature, using the method describe (): count - the total 

number of observations, mean - the average value of the sample, max - maximum 

value, min - minimum value, std - standard deviation, 25% - the first quartile, 50% - 

the second quartile, 75% - the third quartile (Fig. 2.1). 

 

Figure 2.1 - Statistical characteristics of numerical features 

 

The following conclusions were obtained from Figure 2.1: 

1) average total income, excluding grants - 1.838869, standard deviation - 

1.676105, minimum and maximum values of 0 and 1.955102, respectively; 

2) the average value of inflation and consumer prices - 4.76599, the standard 

deviation - 13.99699, the minimum and maximum values - -2 and 150, respectively. 

Find the missing values in this object of a number of each numeric feature using 

the isnull () method. Analyzing Fig. 2.2, there are no missed objects in this row.  



17 

 
Figure 2.2 - Missing values in rows 

 

2.2 Visualization of the main factors 

 

We are initializing the environment for visualization, for which we will import 

the most important libraries and tools, which will allow us to build better graphics (Fig. 

2.3): 

 

 
Figure 2.3 - Initialization of the software environment 

 

Universal analysis considers only one variable over time. Analyzing a variable 

independently, as a rule, researchers are mostly interested in the distribution of its 

values, so we ignore other variables in the data set. Consider different statistical types 

of variables and perform a visual analysis [5]. 
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Quantitative features acquire ordered numerical values. These values can be 

discrete, like integers, or continuous, like real numbers, and usually express counting 

or measuring. 

The seaborn library was used to visualize the data. This is a top-level API library 

based on the matplotlib library. Seaborn contains more adequate default graphics 

settings. A "complex" type of scatterplotmatrix (Fig. 2.4) was used for the graphs. 

This visualization will help to see different variables in one picture, such as GDP per 

capita, overall unemployment, and an indicator of inflation and consumer prices. 

Figure 2.4 shows a fragment of the distribution graphs. Appendix B provides graphs 

for all variables. 

 

 
Figure 2.4 - Fragment of the scattering matrix 

 

As we can see, the histograms of the distribution of functions are located on the 

diagonal of the graph matrix. The rest of the charts are regular scatter charts for the 

corresponding pairs of objects, which are the most obvious example of the relationship 
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between two quantitative variables. The dot on the diagram means the values of two 

variables for one observation at a time [6]. 

Thus, histograms show that the variables do not meet the law of normal 

distribution, which must be taken into account in the process of constructing 

regressions, and scatter plots show the presence of emissions. 

A box graph, also known as a Whiskers graph, was used to represent variables 

to display the sum of a set of data values that have properties such as minimum quartile, 

median, third quartile, and maximum. The box diagram creates a box from the first 

quartile to the third quartile, and there is also a vertical line that passes through the box 

along the median. Here, the x-axis indicates the data to be constructed, and the y-axis 

indicates the frequency distribution [7]. 

Figure 2.5 shows a graph of the level of digital development. Visualization of 

box graphs for other variables is presented in Appendix B. 

 

 
Figure 2.5 - Box graph of the digital development level index 

 

From Visualization 2.5 you can see that there are no emissions. As for other 

indicators, there are anomalous values for: the level of inflation, expressed in consumer 

prices (Fig. A.2); final consumption expenditure of the general government sector (Fig. 

A.3); export of high technologies (Fig. A.5); income excluding grants (Fig. A.6); 
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government spending on education (Fig. A.8); unemployment (Fig. A.9); estimates of 

ease of doing business (Fig. A.10) and life expectancy (Fig. A.11).  

Emissions indicate the heterogeneity of the series, but this is due to the fact that 

data are collected for different countries with different levels of economic 

development, ie there is a significant difference in the development of the most 

developed countries and those classified as least developed, which determines 

emissions. 

 

2.3 Correlation analysis and principal components method 

 

Correlation analysis is a study of the stochastic relationship between quantities 

that are random. Correlation (from the Latin Correlatio - relationship) is a statistical 

relationship between random variables, which is probabilistic [8]. The main task of the 

analysis is to find out the existence of a significant dependence of one variable on 

others. It is also an estimate of correlation coefficients; checking the significance of 

sample correlation coefficients or correlation ratios [9].  

For example, if we compare the indicators of variables in the presented data 

set, we have that in most cases it is a positive correlation or direct relationship. If the 

growth of one variable is carried out by decreasing the values of another, then these are 

signs of negative correlation, compared to our variables, we have no negative 

correlation. Zero is a correlation in the absence of a variable. However, a zero overall 

correlation can only indicate the absence of a linear relationship, and not the absence 

of any statistical relationship at all. Some variables have zero correlation. Consider the 

ratio of quantitative features, for which we construct a correlation matrix in the form 

of a thermal map (Fig. 2.6). It is important to know this information because there are 

algorithms such as linear and logistic regression that do not order highly correlated 

input variables. We use the corr () method, which calculates the correlation between 

each pair of functions. 
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Figure 2.6 - Correlation matrix 

The results presented in Figure 2.6 show that there is a strong correlation 

between the level of digital development and factors such as gross domestic product, 
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vulnerable employment, hired and paid workers, assessment of ease of doing business 

and life expectancy. correlations more than 0.7), which indicates the formation of close 

interactions between individual factors of economic development and digitalization. 

At the same time, it can be seen that there is also a strong correlation between 

these economic indicators, which is due to similar general trends in these factors. Other 

indicators correlate at the weak (0 - 0.3) and medium (0.3 - 0.7) levels. A high level of 

correlation will give biased estimates, so this should be taken into account when 

constructing an analysis. 

For the clustering procedure we leave the composition of indicators at the 

primary level, but since there is a strong correlation between some of them, ie there is 

a phenomenon of multicollinearity, we use the principal components method, which 

will reduce the dimensionality of initial data, eliminate multicollinearity and take into 

account which are weakly correlated. The latter is possible due to the fact that the input 

data are spatial rather than temporal, so even minor effects of indicators can contribute 

to more accurate cluster identification for a given country. 

 PCA – principal component analysis – a method in statistics for factor analysis 

that uses orthogonal transformation of a set of observations with possibly related 

variables and is used to eliminate multicollinearity in an array of variables [10]. 

To apply the method of main components, we use only those indicators that 

characterize the level of economic development of the country. Its results are presented 

in Figure 2.7, where we can see that the most optimal for the study are six vectors for 

which the accumulated variance is 0.8914, and the level of significance of each of the 

components exceeds 0.05. Appendix C provides program code for executing the 

Principal Component Method. 
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Figure 2.7 - The result of the principal components method 

 

Using the pca.transform method, the values of the 6 main components were 

obtained (Fig. 2.8). 

 

 
Figure 2.8 - The value of the obtained components 
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3 CLUSTER ANALYSIS AND MODELS OF FORECASTING THE INFLUENCE 

OF THE LEVEL OF DIGITALIZATION OF A COUNTRY ON ITS ECONOMIC 

DEVELOPMENT 

 

3.1 Cluster analysis of countries by level of digitalization taking into account the 

level of economic development 

 

The data obtained from the application of the principal components method and 

the digital development level indicator formed a set of data that will be used for cluster 

analysis. In this case, the level of digital development will be input, and the resulting 

components of economic development indicators - output, ie take into account the 

possibility of the impact of digitalization processes on a set of factors of economic 

development. To optimize the clustering procedure, we use the "Elbow Method", 

which will determine the optimal number of clusters. Its results are presented in Figure 

3.1. Appendix D provides program code for executing the Elbow Method. 

 
Figure 3.1 - Results of the application of "Elbow Method" 

 

In Figure 3.1 we can see that the points of change of the curve direction are 2, 5 

and 7 clusters. The use of two and five clusters for these 138 countries is impractical, 
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as the resulting clusters will not demonstrate an adequate distribution of countries in 

terms of digital and economic development. Therefore, for the further clustering 

procedure we use 7 clusters, the feasibility of which will also be confirmed by the 

lowest level of maximum and average quantization error, the value of which goes to 

zero (Figure 3.2). 

The clustering process was performed using the k – means method using the 

Deductor Studio Academic analytical package. Deductor is a technology platform from 

Loginom to create applied analytical solutions that use the latest methods of data 

extraction, manipulation, visualization, clustering, forecasting and other technologies 

of data mining [11]. 

 

 

 
 

Figure 3.2 - Cluster diagram of countries taking into account quantization errors 
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We visualize the obtained clusters of countries with the built-in capabilities of 

the MS Excel software product and build a map (Figure 3.3). 

 

 
Figure 3.3 - Map of clusters of countries taking into account the impact of the level of 

their digitalization on economic development 

 

The sixth cluster was the most powerful, which included 25 countries: 

Australia, the United States, Great Britain, Austria, Canada, Germany, France, 

Norway, the Netherlands, Finland and others. It is characterized by the highest average 

level of digitization - 78.7720, a standard error of 0.6642, a standard deviation of 

3.3209. This segment is represented by countries with the highest level of economic 

development, life expectancy, employment, ease of doing business.The least powerful 

is the zero cluster (Figure 3.3), which includes only 12 countries: Algeria, Bolivia, 

Botswana, El Salvador, Ghana, Guyana, India, Kyrgyzstan, Libya, Paraguay, Sri 

Lanka, Tonga. Its average value of the digitization level is 41.8917, the standard error 

is 0.3902, the standard deviation is 1.3515, and the significance is 93%. It should be 

noted that the countries of this segment are among those that are economically 

developing and have a level of digitalization below average. 
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3.2 Construction of models for predicting the impact of digitalization on the 

factors of economic development 

 

Linear regression is a regression model that is very often used in statistics to 

explain the dependence of one variable, which is Y, on another or many other variables, 

X, which are factors. 

The linear regression model is the most widely used and studied in econometrics. 

Namely, the properties of the estimates of the parameters obtained by different methods 

under certain assumptions about the probabilistic characteristics of factors and random 

errors of the model are studied. Boundary (asymptotic) properties of estimates of 

nonlinear models are also derived based on the approximation of the latter by linear 

models. It should be noted that from an econometric point of view, linearity by 

parameters is more important than linearity by model factors [12]. 

Linear regression equations in general: 

 

𝑓(𝑥, 𝑏) = 𝑏! + 𝑏" ∗ 𝑥" + 𝑏# ∗ 𝑥#+…𝑏% ∗ 𝑥%,                         (3.1) 

where: 𝑏%  – regression parameters (coefficients), 

𝑥%  – regressors (model factors),  

k – number of model factors. 

 

The linear regression coefficients show the rate of change of the dependent 

variable for this factor. Appendix F provides program code for executing the Liner 

Regressions. 

 

 
Figure 3.4 - Construction of linear regression 
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As a result, the following characteristics of linear regression were obtained (Fig. 3.5): 

 

 
Figure 3.5 - Linear regression 

 

The value of p for most variables is less than 0.05, except 7, so we will remove 

them from the model (Fig. 3.6): 

 

 
Figure 3.6 - Elimination of variables that are not statistically significant 

 

The result was the following linear regression (Fig. 3.7): 
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Figure 3.7 - Linear regression 

 

Linear regression equation: 

 
𝑓(𝑥, 𝑏) = 0,002 + (−0,2458) ∗ 𝑥" + 0,4062 ∗ 𝑥# + 0,6897 ∗ 𝑥&        (3.2) 

 

We can draw conclusions from linear regression. The level of digitalization of 

the country is influenced by such economic factors as: the level of GDP per capita; life 

expectancy; the level of vulnerable employment without receiving compensation for 

work; assessment of ease of doing business. 

In the last step, we will build forecast models for those indicators that have the 

highest value of the correlation between the level of digital development and individual 

factors that characterize the level of economic development. The following indicators 

were: GDP per capita (0.7692); total life expectancy at birth (0.8639); ease of doing 

business (0.7997); vulnerable employment (-0.8649). For prediction we use linear, 

quadratic and cubic regressions. 

Figure 3.8 presents three models - linear, quadratic, cubic regression, which 

show the dependence of gross domestic product on the level of its digitization, as well 

as coefficients of determination to assess their quality. 
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Figure 3.8 - Models of forecasting gross domestic product per capita depending 

on the level of its digitization 

 

Its highest value is shown by cubic regression, and the lowest - linear. This 

criterion has the property - to increase with the number of factors in the model. But in 

this figure we can see that it is the cubic model more accurately reproduces the nature 

of the dependence of gross domestic product of the country on the level of its 

digitization. Also, the rms error is smaller for the cubic model. Therefore, it is 

expedient to predict, and its equation will look like (3.3): 

 

𝑦' = 0,4996𝑥& − 	49,9211𝑥# 	+ 	1682,9673𝑥	 − 	16485,0826        (3.3) 

 

Figure 3.9 shows linear, quadratic, cubic regressions, which show the 

dependence of the level of vulnerable employment in the country on the level of its 

digitalization. 
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Figure 3.9 - Models for forecasting the level of vulnerable employment in the country 

depending on the level of its digitalization 

 

The calculated values of the coefficients of determination are quite close for the 

three models and correspond to the good quality of the forecast models. When 

comparing the values of the root mean square error, it turned out that the values 

obtained by cubic and quadratic models are quite close. But if we predict these models 

a few steps ahead, it turns out that the cubic model is quite sensitive and shows a sharp 

increase compared to the quadratic model. Therefore, the latter is more suitable for 

forecasting vulnerable employment (equation (3.4)): 

 

𝑦' = 0,0111𝑥# 	− 	2,3139𝑥	 + 	119,9222, (3.4) 

 

Figure 3.10 shows models for forecasting the volume of employees and paid 

employees of the country depending on the level of its digitalization. 
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Figure 3.10 - Models for forecasting the number of employees and paid employees of 

the country depending on the level of its digitalization. 

 

The obtained values of the coefficients of determination for the constructed 

models are close and testify to the good quality of the forecast models. The cubic model 

has the smallest value of standard error, but when using it for forecasting, it shows a 

rather pessimistic version of the dependence, so in this case it is better to use a quadratic 

model that is not so sensitive. Therefore, its equation will take the form (3.5): 

 

𝑦' = −0,0104𝑥# + 	2,2091𝑥 − 	20,0242.	 (3.5) 

  

Linear, quadratic and cubic models were also constructed to predict the impact 

of the level of digitalization on the assessment of ease of doing business (Figure 3.11). 

The values of the coefficients of determination are close to the three models and 

demonstrate the quality of predictive models above average, which is a sufficient 

indicator for real statistics. Similar values of standard error were also obtained. When 

using the built models for forecasting a few steps ahead, it was found that all three 

show similar trends in the forecast, so in practice we can use three models, although 

the most accurate is the cubic model (equation (3.6)): 
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𝑦' = −0,000018𝑥& − 0,000898𝑥# + 	0,766258𝑥 + 	33,157690.	 (3.6) 

 

 
Figure 3.11 - Models of forecasting the assessment of the ease of doing business in 

the country depending on the level of its digitization 

 

Figure 3.12 presents models for forecasting life expectancy in the country 

depending on the level of its digitalization, which demonstrate almost the same quality. 

When forecasting a few steps ahead, they also show the same trends and roughly the 

same forecast values. 

We can conclude that all three equations are quite suitable for prediction 

(equation (3.7) - (3.9)): 

 

𝑦' = 0,3061𝑥	 + 	58,0875,	 (3.7) 

  

𝑦' = −0,0016𝑥# 	+ 	0,4709𝑥 + 54,4289, (3.8) 

  

𝑦' = 0,000021𝑥& − 0,004729𝑥# 	+ 	0,614802𝑥 + 	52,476635. (3.9) 
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Figure 3.12 - Models of forecasting life expectancy in the country depending on the 

level of its digitization 
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CONCLUSIONS 

 
 

This study reveals the problem of determining the impact of the level of 

digitalization of the country on the factors that characterize its economic development. 

The indicator of the level of digital development, which was selected for 138 countries 

in 2019, was identified as an indicator of impact. The factors that characterize 

economic development were: gross domestic product per capita, inflation, expressed 

in consumer prices, unemployment, the level of vulnerable employment, government 

spending on education, income excluding grants, high technology exports, final costs 

consumption of the general government sector, life expectancy, assessment of ease of 

doing business and employees. 

For this purpose, statistical analysis was performed and cluster analysis was built 

using the Python programming language. The data were analyzed by calculating the 

main statistical characteristics, then they were grouped by specific characteristics and 

the distribution of each of the characteristics was built. As a result, it was found that 

the distribution of variables is different, which will be taken into account in the 

simulation process. A correlation matrix was calculated in which variables with a 

strong correlation were identified, which was taken into account in the regression 

construction process. 

As a result of constructing a correlation matrix for selected factors, it was found 

that the most correlated are gross domestic product per capita, life expectancy, 

assessment of ease of doing business, vulnerable employment and employees and paid 

workers. This is due to the fact that these indicators have a general trend. It was also 

found that these factors also have a close linear relationship with the level of 

digitization, which indicates the possibility of their mutual influence. 

To determine the clusters of countries, the principal components method was 

applied to the factors that characterize economic development, in order to eliminate 

multicollinearity between them and reduce the dimensionality of data. As a result, six 

main components were selected. Based on the Elbow Method, it was determined that 
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the most optimal will be the division of data into 7 clusters. The implementation of k-

means clustering allowed to identify clusters that were formed at the expense of 

countries close in both the level of digitalization and the level of economic 

development. 

In the last step, forecast models were built that demonstrate the impact of 

digitalization on the most correlated factors that characterize economic development. 

It is established that for forecasting the gross domestic product of the country and ease 

of doing business it is advisable to use a cubic log, vulnerable employment, the number 

of employees - square, the total life expectancy can be used linear, quadratic and cubic 

models. 
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Appendix A 

SUMMARY 

Litsman M. A. Analysis and forecasting the impact of the country's digitalization 

level on its economic development. Qualifying work of the bachelor. Sumy State 

University, Sumy, 2022. 

Indicators were selected. The data was analyzed by calculating the main 

statistical characteristics. A correlation matrix was calculated. It was determined the 

map of clusters of countries. 

The main components were selected. The number of the most optimal clusters 

was determined on the basis of the Elbow Method. In the last step, forecast models 

were built that demonstrate the impact of digitalization on the most correlated factors 

that characterize economic development. 

Keywords: digitalization, economic development, cluster analysis, principal 

components method, polynomial regression. 

АНОТАЦІЯ 

 

Ліцман М. А. Аналіз та прогнозування впливу рівня цифровізації країни 

на її економічний розвиток. Кваліфікаційна робота бакалавра. Сумський 

державний університет, Суми, 2022. 

Були відібрані показники. Дані проаналізовано шляхом розрахунку 

основних статистичних характеристик. Була розрахована кореляційна матриця. 

Була визначена карта кластерів країн. 

Підібрано основні компоненти. Кількість найбільш оптимальних 

кластерів визначали на основі “Ліктьового” методу.  На останньому кроці були 

побудовані прогнозні моделі, які демонструють вплив цифровізації на найбільш 

корельовані фактори, що характеризують економічний розвиток. 

Ключові слова: цифровізація, економічний розвиток, кластерний аналіз, 

метод головних компонентів, поліноміальна регресія. 
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Appendix B 

Visualization of variables 

 

 
Figure B.1 - Matrix scattering matrix  
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Figure B.2 - Box graph of inflation, expressed in consumer prices 

 

 
Figure B.3 - Box schedule of final consumption expenditures of the general 

government sector 
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Figure B.4 - Box schedule of variable vulnerable employment 

 

 
Figure B.5 - Box chart of high technology exports 
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Figure B.6 - Box revenue schedule excluding grants 

 

 
Figure B.7 - Box schedule of employees' variable 
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Figure B.8 - Box schedule of government spending on education 

 

 
Figure B.9 - Box graph of the unemployment rate 
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Figure B.10 - Box schedule for assessing the ease of doing business 

 

 
Figure B.11 - Box graph of life expectancy 
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Appendix C 

Program code for executing the Principal Component Method 
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Appendix D 

Program code for executing the Elbow Method 
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Appendix E 

Program code for executing the Nonliner Regressions 
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Appendix F 

Program code for executing the Liner Regressions 
 

 
 

 
 
 
 


