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ABSTRACT 

 

The lack of a consistent strategy to product recommendations, as well as the range of effective techniques to offering 

suggestions, are reflected in the variety of current recommendation systems. The study presents the original 

recommendation system, which delivers suggestions based on content and collaborative techniques and addresses the 

major issues in this field. The focus of the paper is hybrid recommendation systems in e-commerce on the market with a 

low level of implementing recommendation systems techniques. The market of recommendation systems in Ukraine, 

their main features are analysed. The methodology to developing hybrid recommendation systems that is relevant to the 

needs of Ukrainian e-commerce market is proposed. The hybrid recommendation system includes recommendation 

systems in four categories: Personalized recommendation, Best buy, News, Recommendation according to the survey. 

The alternative approach to product evaluation in proposed recommendation systems based on a combination of 

Wilson, Bayes, and Hacker methods is used. It is shown that this approach can be successful for recommendation 

systems in Ukraine. The concept's utility for users is the creation of more customised recommendations that are more 

attractive to them, taking into account a broader set of variables, for example, the time of publishing, the percentage of 

favourable comments, and personal preferences. 
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INTRODUCTION 

A company's ability to compete becomes more challenging as the number of e-commerce firms grows. To 

address this issue, recommendation systems (RSs) are being actively developed to address instances when 

users' choices are unknown. Gaining hybrid recommendation systems (HRSs) is a significant advancement. 

Modern RSs are designed to solve a specific problem (for example, a cold start or a long tail of products). 

However, the extent of product evaluation in recommendation systems is still lacking. The characteristics of 

certain types of RSs (content-based, collaborative filtering, hybrid) and the aim that the assessment should 

give guide evaluation approaches. There is a need to develop an alternate evaluation methodology that takes 

https://doi.org/10.46656/access.2022.3.2(1)
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into account the unique characteristics of the RSs. As a result, the focus of this research is on developing a 

novel model of product evaluation in RSs for e-commerce. 

According to research of the most popular e-commerce sites in Ukraine, just a few of the most basic 

algorithms are implemented. In most situations, websites solely use direct user information (history of 

purchases, products viewed and products, which are added to the wish list). Other suggestions are based on 

data gathered from the company's whole customer base. Improving the forms and models of product 

evaluation is a critical job for Ukraine's existing e-commerce business. 

The goal of this research is to provide an alternative strategy to developing product evaluation in HRSs, 

as well as to present a model of such a recommendation system that is relevant to the demands of the 

contemporary e-commerce market in Ukraine. 

The following tasks are formed in accordance with the purpose:  

• define the essential elements of current HRSs;  

• highlight the features and constraints of the development of RSs in Ukraine; 

• build an effective alternative product evaluation model;  

• outline the methodology of an RS that employs the suggested method. 

 

MATERIALS AND METHODOLOGY  

1. 1. Features of modern recommendation systems and approaches to their evaluation 

RSs are tools for automatically generating recommendations for services and products based on a study of 

the personal needs of website users. The main areas of use of referral systems today are marketing and 

ranking the results of search queries in search engines, although their application can be much wider. These 

systems allow to detect groups of similar users or objects, they can be used as alternative methods of 

searching for information on the Internet because they allow detecting of objects that cannot be found by 

traditional search algorithms. RSs are software used to predict which objects (products, websites, movies, 

news, etc.) will be of interest to the user, based on the information collected about him. Depending on the 

strategy of data determination, proposal frameworks are classified as content-based methods; collaborative 

methods and hybrid methods (Meleshko et al., 2018).  

Content RSs include working with a specific user profile. For the recommendations of a particular 

element, many descriptions of the properties of previous elements are considered, as well as their 

evaluations, preferences, tags, keywords. The result is an evaluation of the level of pertinence, which decides 

the level of client intrigued within the subject. Studies Woldan et al. (2021), Barolli et al. (2021), Dat et al. 

(2021) are given to the issues of utilizing this sort of RSs. 

RSs based on collaborating filtering are based on finding and analyzing past client behavior, which 

afterward predicts components on the likeness of the sort of appraisals given by like-minded clients to the 

target client. Most existing co-filtering methods rely heavily on explicit feedback. Collaborating methods can 

https://doi.org/10.46656/access.2022.3.2(1)
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be classified into memory-based and model-based. Studies Ajaegbu et al. (2021), Nhuen et al. (2020), 

Shen et al. (2020) are given to the issues of utilizing this sort of RSs 

HRSs combine collaborative and content methods. Based on investigating Feng et al. (2021), Schwartz et 

al. (2019), Chorna (2018); Kilani et al. (2018), we are able to distinguish seven essential standards that 

illustrate diverse ways of combining strategies in HRSs. In terms of making a HRS, a distinctive step-by-step 

combination of strategies of different types of proposal frameworks is conceivable to apply. The foremost 

common are parallel and monolithic construction (Jiang). Modern studies sure that HRSs are more effective 

than collaborative or content recommendation systems (Chorna, 2018; Kilani et al., 2018; Turnip et al., 

2017; Stockl et al., 2020).  

The system of hybrid recommendations integrates different types, which helps to overcome shortcomings 

and improve performance. Most advanced frameworks kill the foremost problems such as 

(Majjodi et al., 2019):  

• Cold Start problem: a new user at the site or when adding a new item to the system. The platform has a 

lack of knowledges about user's interests, and he did not rate any item yet. New item that has no rates, can't 

be recommender to typical algoritms due to absence of reviews. 

• Sparsity Problem: it is happening when a user has large matrix contain buy items or watch movies or 

listing for music. Sparsity evolved when the user did not rate these items. While recommender systems 

depend on users rating matrix users to recommend to the others.   

• Scalability: it measures the ability of the system to work effectively with high performance while 

growing in the information. Recommender system needs to recommend items to the users without no change 

while the number of users increased, or the number of items increased too.  

• Over Specialization Problem: Recommended item to users is based on those already known or defined 

by user profile only without discovering new items and other available options.  

• Diversity: ensuring that the recommender results span as much as possible item space, and do not come 

all from the same cluster.  

• Novelty: recommended items must contain new one’s items.  

• Serendipity: recommended items need to be suprising for users about which user wouldn't have thought 

before.  

• Privacy: privacy: users need to know which information needed to recommend more preferably items to 

him, and how it applied.  

• Shilling Attacks: a malicious user or competitor enters into a system and starts giving false ratings on 

some items either to increase or diminish the item popularity according to own purpose.  

• Gray Sheep: the opinions of a user do not equate with any group and consequently, is unable to obtain 

the benefit of recommendations. 
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1.2. Review of the current state of development of hybrid recommendation systems 

In this part, we'll look at several advanced current HRSs and discuss the need to establish a method for 

improving the accuracy of product evaluation models. The analysis of the provided systems allows us to 

assess the current condition and trajectory of RSs in general. On the other hand, an examination of these 

systems will aid in the development of the created model's originality. 

To address the difficulties of cold start, use collaborative RS. The study (Ajaegbu et al., 2021) focuses on 

upgrading traditional similarity measures for co-element-based filtering to address and reduce cold start 

circumstances. In the direction of cold-start circumstances, the study provides an algorithm that balances 

three contemporary standard assessment metrics, such as cosine-based similarity, Pearson correlation 

similarity, and adjusted cosine similarity. 

HRS with a long tail emphasis. Individual customer preferences have an impact on new product 

development according to research Kumar et al. (2016). To predict the rating, the study used an extension of 

the matrix factorization model. Models (PM-1, PM-2) are provided that show their usefulness for 

1) providing individualized suggestions to users, considering the suitable taste of things with a long tail; 

2) advertising items with a long tail to idiosyncratic users. 

HRS based on tone and suggestions. In Chorna (2018), an RS is presented that is based on a hybrid 

analysis of suggestions and tonality. The F-metric is employed, which is a weighted average harmonic 

accuracy and completeness meter that allows the model's work to be evaluated more effectively from a 

broader viewpoint. The approach described in the study is more effective at identifying films that are 

relevant to the user. 

HRS to users who are currently logged in. The study (Kilani et al., 2018) created a new RS that combines 

collaborative filtering and matrix factorization approaches. The RS only looks at active users and objects that 

are relevant to them. Novel RS use evolutionary algorithms to estimate the rates of the active user's most 

valued things. The considered RS for joint filtering uses neighbourhood models and hidden factor models to 

recommend elements for the active user (customer). 

HRS is responsible for locating educational resources. With a mix of content-based filtering and 

cooperation filtering, the research Turnip et al. (2017) suggests an enhanced solution for the existing system 

of e-learning suggestions with excellent student ratings (CBF-CF-GL method). In e-commerce, for example, 

the method of admission for analysis of students with just high scores may be employed by selecting for 

analysis users with costs in a certain range that is relevant to the costs of the target user. 

HRS is a visualization-based HRS combines a collapsed neural network with a Bagdanau attention 

mechanism for this aim. As a consequence, the approach enables the identification of locations that were 

particularly significant for the proposed image (Woldan et al., 2021). 

HRS for telemetry in a web browser. The study (Lopatka et al., 2019) proposed a telemetry-aware add-on 

recommendation system (Telemetry-Aware Add-on Recommender), which offers Firefox users with 

suggestions. Three different models are employed, each based on three different data sources: the user's 

https://doi.org/10.46656/access.2022.3.2(1)
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installed add-ons; use and interaction data (browser telemetry); and the user's browser language preferences. 

The study creates independent recommendation models for each model and uses the linear ensemble 

composition approach to summarize the suggestions they provide. 

HRS is based on a hybrid of taxonomy and folksonomy. According to Mao et al. (2019), tag information 

is combined for semantic analysis of taxonomy characteristics, and an algorithm for reconciling the 

establishment of general similarity between components is devised. The research proposes a unique model of 

random sampling on a heterogeneous graph, built by user nodes, element nodes and different types of 

relationships - user-element, element-element. 

HRS for commodity network consideration. The link between product networks formed by RSs and 

product rating convergence is examined in the research (Stockli et al., 2020). The study looks at how 

different forms of product networks affect customers' perceptions of quality between product pairings within 

the network. Furthermore, this study investigates whether different forms of product networks are connected 

to the convergence of attitudes toward items in the product network in different ways. 

HRS takes into account profile similarity coefficients as well as demographic disparities. The technique 

of generating the similarity coefficients of user profile vectors and object profile vectors was further refined 

in Schwartz et al. (2019), which, unlike the basic ones, takes into account the demographic features of users, 

allowing forecasting predictions to be more accurate. A technique of searching for user groups has been 

created based on the notion of application in one approach of categorical, mixed, and numerical clustering, 

which adjusts to the sparseness of the user-object matrix. 

HRS based on partial variation autoencoder. The study (Ma et al., 2018) devised a hybrid 

recommendation technique, in which the missing data is processed, and the amortized result is used for rapid 

forecasting. Partial Varial Autoencoder is the name of the technique (P-VAE). The method uses a new 

probabilistic generative model to process a different number of user ratings in principle. 

HRS is used to compare product descriptions with user profiles. The study Badriyah et al. (2017) created 

a hybrid e-commerce recommendation system that uses content-based filtering and collaboration-filtering to 

determine how comparable product descriptions and user profiles are. 

HRS based on partial variation autoencoder. The study (Kwok, 2019) employed the content-based 

approach's built-in categories with the shared filtering approach's embedding of clients. It will be sent into 

the new neural network as input, and it will be checked to see if it is relevant to the suggestions. The 

generated model may be utilized in two ways: to arrange recommendations categorized by prior 

methodologies, or to generate recommendations. 

The paper suggests HRS, which varies from earlier models in that it improves product evaluation 

modelling accuracy. The suggested evaluation methodology takes into account a broader set of variables. 

Using the complex of recommendation systems helps to use different methods is a right way, not only 

together, but also in a more suitable order. 
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1.3. Review of recommendation systems on e-commerce sites in Ukraine 

Nowadays, the growth in the number of Internet users in Ukraine is rapidly increasing at the same time with 

the growth of their activity at different types of marketplaces. In general, about 67% of Ukrainian Internet 

users visit sites associated with e-commerce. It means that there is strong precognition to marketplaces’ 

growth in the world and Ukraine. Although in our country there are some deterrent factors to its full 

developed. Suppliers single out such as (Retailers, 2021): 

• 52.2% lack of tools to promote goods at marketplaces; 

• 36.2% difficulties with content preparation; 

• 30.4% technical integration; 

• 20.3% hazard to quickly updates of price due to their volatility; 

• 11.6% processing customer questions and feedback: 

• 10.1% orders processing;  

• 8.7% time settlements with marketplaces. 

HRSs that take into account the personal preferences of users, demographic characteristics of the 

population, metrics for product evaluation serve as a quality tool for product promotion among users. Unlike 

other advertising tools, recommendation systems provide a more personalized recommendation that will 

provide suppliers with greater sales and better customer satisfaction. The use of simple algorithms of RSs 

cannot qualitatively solve the problem of product promotion. 

The application and promotion of RSs partially eliminate the problem of forming a product description, as 

the priority is to fill the description on specific items. And in this case, the task that depends on the suppliers 

is to form the right set of products presented on the marketplaces. 

To develop a recommendation system that is most suitable for Ukraine, an analysis of the existing results 

of the action of recommendation systems on the country's websites was conducted. E-commerce companies 

selected from the ranking of the most popular sites are taken for analysis (Figure 1). The research was 

conducted in two directions: for an authorized user, for an unauthorized user. 

 
Figure 1. The most popular Ukrainian sites by number of visits, 2021 

Source: Retailers (https://retailers.ua/uk/news/menedjment/12587-samyie-poseschaemyie-internet-magazinyi-avgusta-2021-goda) 

https://doi.org/10.46656/access.2022.3.2(1)
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The most popular e-commerce site is Rozetka (https://rozetka.com.ua). For the unauthorized user, 

recommendations are offered in the following categories: promotional offers, hot news, similar products 

from other sellers, currently in demand in the category of women's / men's rubber boots, most often added to 

the wish list, the most anticipated, most discussed products are now in demand. The most dubious category is 

"Similar products from other sellers". According to the results of the categories, it is noticeable that the user's 

behavior on the Internet in general and on other sites is not analyzed. It is improved to provide 

recommendations in the categories currently in demand in the category of women's / men's rubber boots, as it 

corresponds to the season and weather conditions. The last four categories are not personalized, but the 

available information for recommendations is still analyzed. For the authorized user, in addition to the above, 

the following categories are offered: last viewed products, bestsellers in the category (recently viewed), more 

products to choose from, recommendations based on personal views. The added categories analyze the direct 

behavior of the user: specific products, similar products or categories viewed by this user. In categories that 

are the same for authorized and unauthorized users, the recommendations are the same. In general, the site 

uses certain information of the general geographical group and the history of purchases, user views to 

provide recommendations. However, only direct information provided is used. 

In second place in popularity is Epicenter (https://epicentrk.ua). The following categories of 

recommendations are available for the unauthorized user: product of the day, popular categories, promotions, 

the most interesting. The same categories are available for the authorized user. Unlike the previously 

analyzed site, this one provides other recommendations for categories that are the same for authorized and 

unauthorized users. This is due to the fact that there are no personalized categories in the list. However, the 

user perceives positively that in the supposedly general categories of recommendations are selected 

specifically for him. The analysis concludes that Epicentr is likely to use only direct information from users 

and geographic location. 

The third most popular site is Allo (https://allo.ua/). Categories are available for unauthorized user: sales 

leaders, news, promotions and news, best price. For the authorized user, the "You watched" category is 

additional. The list of products of the previous categories remains unchanged. 

An analysis of the top 10 most popular e-commerce sites in Ukraine has identified several similar trends. 

Sites are limited to direct user information (history of purchases, viewed products and those added to the 

wish list). Other recommendations are based on information collected from all consumers of the company. 

The Ukrainian e-commerce market has a limited number of the simplest algorithms for providing 

recommendations. At least such standard algorithms as users who bought the same product also bought are 

not taken into account; bought together; algorithms based on demographic characteristics. 

E-commerce sites in Ukraine do not provide information on the indicators they track. However, the 

following are possible to collect within their functionality: User ID and full name; ID, name, rating, 

category, brand, product metadata; text and response time; price. 
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RESULTS AND DISCUSSION 

2.1. Conceptual foundations of recommendation systems 

The lack of a consistent strategy to product recommendations, as well as the range of effective techniques to 

offering suggestions, is reflected in the variety of current RSs. The study presents its own recommendation 

system, which delivers suggestions based on content and collaborative techniques and addresses the major 

issues in this field. 

The built recommendation system offers recommendations in four categories: "General recommendation 

for the user", "Personalized recommendation," "Best buy," "News," and "Survey recommendation." 

In recent versions of e-commerce sites, the practice of presenting suggestions in numerous categories is 

popular. Amazon, for example, offers suggestions in two directions (On-site and Off-site) and 13 categories 

(Figure 2). 

 

Figure 2. Examples of Amazon recommendation categories 

Source: Amazon (https://www.amazon.com/) 

 

Recommendations in the On-Site Recommendations category include Recommender for You, Frequently 

Bought Together, Your Recently Viewed Items, and Featured Recommendations, among other categories. 

The following categories are included in the Off-Site Recommendations with Email: Frequently Bought 

Together is the best-selling book this week (in three formats). 

Another example of using multiple types of recommendations on one site is eBay. The most popular given 

categories of recommendations are Explore Popular Categories, Daily Deals-Carousel, Explore popular 

categories, Recommended for you. In addition, eBay conducts a survey of users to personalize the 

recommendations, on the following questions: How many items would you like to sell one Bay per month, 

What do you need most from a tool, What would also be useful, Select a recommended tool package (Figure 3). 

The considered examples confirm the effectiveness of using several directions of providing 

recommendations to users. The key advantage is to expand the user's choice, as he is able to choose which 

recommendation he wants to receive at a particular time. 
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Figure 3. Examples of eBay recommendation categories 

Source: eBay (https://www.ebay.com/) 

 

Key characteristics of the developed hybrid set of RSs by classification: 

• Subject of recommendation: goods from the list; 

• Units of recommendation: point recommendation of products (excluding additional purchases); 

• Subject of recommendation: registered users; 

• Type of recommendations: new products (not purchased by this user); 

• Used grades: score on a 5-point scale, product characteristics; product category; comments. 

Personalized recommendation. The demographic technique of the content method of the system and the 

matrix of factorization of the collaboration method are provided in a HRS of the type "addition of features." 

The mechanism for determining the similarity coefficients of user profile vectors and object profile vectors 

has been improved, allowing forecasting predictions to be more accurate. The first step is to analyze the 

user's monthly spending for the previous six months on this platform (the number of months the user is 

registered, if less than six). Other users with monthly spending in the same interval are filtered based on this 

information (intervals are set by the author). The next step is to create a user similarity function. The work 

employs the following strategies of similarity formation: Pearson correlation coefficient, Jacquard 

coefficient, inverse Euclidean distance, and cosine measure of similarity are all terms used to describe how 

similar two things are. The similarity feature looks for people who have made similar purchases in the past. 

As a result, the current user's suggestions from similar users are crossed. Recommendations and the order in 

which they are provided are produced based on the computation of the rating of items using their own system 

of scoring. The benefit of the recommendation system approach is that it provides recommendations that are 

tailored to the preferences of customers as well as their financial resources. The "Personalized 

Recommendation" has the drawback of requiring frequent recalculation with each purchase of new or similar 

consumers. 

News. The authors describe a HRS that integrates a number of content recommendation algorithms. It is 

proposed that suggestions be made based on the similarity of prior user evaluations and item features within 

the context of the method. Modifications of Pearson coefficient approaches and the Hacker ranking 
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algorithm are used combined as a method. As a result, a new product's absence of a sufficient number of 

answers (cold start of production) is countered by its high time priority. At the same time, this component of 

the analysis' suggestions ignores new items, which have more evaluations but a lower priority in terms of 

time. As a consequence, the strategy balances new and older items for the consumer based on their 

preferences. This strategy has the benefit of solving the problem of cold start items and personalizing 

suggestions for things that have not yet been purchased but have been changed. The downside is that the 

interest in the improved product was not taken into consideration. This problem can be rectified in the future 

by enhancing the capacity to track multiple e-commerce sites' active browsing times. Despite the fact that 

this feature might be included, most firms do not include it in their user database. 

Best buy. The technology is presented as a direct collaborative guiding system with a direct connection. 

The first step is to create a database with lower dimensions than the first in terms of the number of items 

purchased in the previous week. The next step is to provide recommendations based on the Wilson 

confidence interval for the Bernoulli parameter that has been calculated. Consequently, customers will get 

product suggestions in descending order of adjusted product rating among those who have purchased the 

most in the previous seven days. The benefit of having a "Best Buy" category is that it eliminates the 

problem of a user's cold start. The downside of this technique is that recommendations are not personalized. 

Recommendation for the survey. The technique of content direct approach of the recommendation 

system with later situational application of the recommendation systems of existing species is provided as a 

HRS with a cascade approach. Within the technique, it is suggested that the user be asked questions in order 

to have a thorough understanding of their wants and desires. This type of survey should be done once a 

month when enrolling a user, and if feasible, use the functionality to update the responses. The existence of 

direct user replies, rather than simulated by a computer of likely user choices, is a benefit of utilizing the 

approach of recommendations for surveys. The disadvantage is that not all users know exactly what they 

want to buy; the survey recommendation narrows the options. This is related to a narrowing of consumer 

preferences in specific sectors. In the developed HRS, a number of the following questions are formed: 

• Planned monthly cost budget on the platform. By default, the average monthly budget of users. 

• Planned number of purchased units. By default, the average number of units purchased by users in one 

month. Taking into account the previous paragraph, the user chooses the pricing policy of the product. 

• Product categories a person is interested in (unlimited quantity). 

• Product features that interest a person (unlimited quantity). 

• Method by which a person wants to receive recommendations: Personalized recommendation (for active 

users), News, Best buy. 

Directions for improving the developed set of HRSs for the possibility of their implementation on various 

e-commerce sites: 

▫ internal characteristics of the recommendation system; 

▫ providing recommendations "Optionally purchased", "Customers who buy this product also buy"; 
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▫ taking into account the tone of comments in a collaborative approach. This involves the formation of a 

general tone of comments on specific products; 

▫ taking into account the user's psychotype: pessimist, optimist. The current item means the analysis of 

estimates, the tone of the feedback of the individual user to meet the needs of the user. For example, user A 

rates 5 on almost all of their purchases; user B can give a top score of 4, because I'm waiting for 5 to be 

something special that can impress him; 

▫ analysis of images of users in the reviews when making a purchase when forming a product score; 

▫ expand the provision of recommendations based on visual similarity; 

▫ tracking user data: 

• time of active product review. The function expands the qualitative side of the product score. For 

example, user A accidentally clicked and went to product page X and left after 5 seconds; User B 

purposefully went to product page X and 10 minutes viewing the product but did not buy the product for 

some reason. The average system will take into account the transition of both user A and user B to page X; 

• ability to find visual similarities and translate the state of products from quality to photo to quantitative 

dimension. 

The study proposes an original product evaluation model based on such methods as Wilson's score, 

Bayesian approximation and Hacker ranking algorithm (Kumar, 2020; Salihefendic, 2015). The proposed 

evaluation model is calculated: 

 

 

where r_w – Wilson’s score; r_b – Bayesian approximation; g – degree of relevance; t – number of days 

of product publication; a, b – independent variables. 

The Wilson (r_w) and Bayes (r_b) metrics are merged as the root mean square value of their values by 

normalizing to calculate the rate R. The variable b is used to normalize the values of these estimations. The 

user can choose a preferred estimating technique or fix the variable such that the estimations' maximum 

values are all within the same range. The Hacker approach (a numerator before the root) is used to adjust the 

score to the number of days a product is available for purchase (t), the degree of relevance (g). The variable 

a is used just to broaden the scope of the evaluation and has no bearing on the calculation's core. 

 

2.2. Product evaluation models 

The system of developed recommendation systems includes 4 different HRSs: 3 independents of each other 

(Personalized recommendation, Novelties, Best buy) and 1 (Survey recommendation), which includes one of 

the three previous recommendation systems of the user's choice. The following key features of the developed 

RSs can be identified: 

• specificity of the combination of different methods of recommendations; 

https://doi.org/10.46656/access.2022.3.2(1)
https://journal.access-bg.org/


 

ACCESS Journal:  

Access to Science, Business, Innovation in Digital Economy 

ISSN 2683-1007 (Online) 

2022, 3(2), 89-106, https://doi.org/10.46656/access.2022.3.2(1)            https://journal.access-bg.org/ 

 

100 

 

• uniqueness of the developed assessments to each recommendation system. 

This part of the paper describes the causality of the use of such adjusted estimates within each system 

separately and demonstrates their effectiveness in comparison. The environment for the implementation of 

the developed RSs is the programming language R. 

Hacker evaluation is a method of adjusting an existing assessment to take into consideration the moment 

of release of the product, rather than the series as a whole. The Hacker score grows steeper and more time-

sensitive as the necessity of publication time rises. 

In order to give suggestions to the user on the most recent items, the recommendation system "News" 

must take into consideration the moment of product release on the site. The degree of sensitivity to the 

duration of articles in the recommendation system is 1.8, allowing to person alter the evaluation in the right 

direction. For example, a product with a standard rating of 4 and a publishing duration of 2 days has the 

same Hacker rating as a product with a standard rating of 5 and a publication time of 3 days. The Hacker 

score drops in lockstep with the score (there is a direct relationship). 

Based on Wilson's score, Bayesian approximation, and the Hacker ranking algorithm, the personalized 

recommendation system has built its own way of adjusted estimation (mathematical description in section 

2.1). The root mean square value is equivalently taken as the Wilson method (r_w) and Bayes (r_b) values, 

adjusted for the degree of relevance (g) of days (t) according to Hacker method. R code is built to implement 

the developed assessment for a certain selected product from the database in the environment. The 

examination of each approach was done independently depending on the input parameters in comparison to 

assess the efficacy of the overall adjusted estimate. 

The value of Wilson's score is determined by two key indicators: the percentage of favorable assessments 

and the total number of evaluations. Wilson's score will be greater if there are more favorable ratings, and 

the product is of higher quality. The ranges go from 0 (in the case of no grades or positive scores) to 1 (in the 

case of no grades or positive scores) (in the case of a large number of grades and they are all positive). 

The investigation revealed that as the number of evaluations goes from 0 to 100, there is a substantial 

increase in the assessment (the steeper the growth, the higher the share of positive feedback). The severity of 

Wilson's score development decreases as the number of grades surpassed increases. Figure 4 depicts the 

general scenario but based on the activity of a specific e-commerce site, the limit on the number of 

estimations from which the adjusted score does not climb as steeply should be changed. Another notable 

tendency in Wilson's evaluation is its unmistakable rise in tandem with the rise in the percentage of 

favorable evaluations. This is especially true when there are a lot of assessments. 

The K-dimensional evaluation method is suited to Bayesian estimation. The research provides a 5-point 

grading system, which is the most common and widely utilized in the database under study. In contrast to 

Wilson's estimate, the current measure is based on the amount of points each species has, rather than on 

positive and negative values. The highest Bayes score possible is 5. The higher the number of scores and the 
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higher the highest score, the faster the score approaches 5. Bayes' score, on the other hand, is always larger 

than 0. 

 

 

Figure 4. Change in Wilson's grade depending on the number of grades, a proportion of positive grades 

Source: formed by authors 

 

Table 1 illustrates that lowering the overall number of points not only lowers but also softens the 

Bayesian score, independent of internal distribution. For example, the Bayesian score for an unambiguous 

choice of a score of 5 with a total of 10,000, 100, 10 is 4.9997; 4.8046; 3.7222 - there is a trend to drop. 

Otherwise, the unambiguous choice of score 1 with a total of 10,000, 100, 10 is 0.9999; 0.9951; 1.0555 - the 

Bayesian score is greater with a small number of overall scores than with a large number of scores. In more 

real situations - the tendency to a certain score, rather than their unambiguous choice, the Bayesian score is 

directly proportional to the total number of grades and the attraction to a certain score. 

 

Table 1. Bayes scores depending on the different number of scores for each type of score 

Number of 

rates 1 

Number of 

rates 2 

Number of 

rates 3 

Number of 

rates 4 

Number of 

rates 5 

Overall number of 

rates 
Bayes rate 

0 0 0 0 10000 10000 4.9979 

0 0 0 10000 0 10000 3.9987 

0 0 10000 0 0 10000 2.9994 

0 10000 0 0 0 10000 1.9997 

10000 0 0 0 0 10000 0.9999 

0 0 0 0 100 100 4.8046 

0 0 0 100 0 100 3.8810 

0 0 100 0 0 100 2.9412 

0 100 0 0 0 100 1.9762 

100 0 0 0 0 100 0.9951 

0 0 0 0 10 10 3.7222 

0 0 0 10 0 10 3.2047 

0 0 10 0 0 10 2.5999 

0 10 0 0 0 10 1.8714 

10 0 0 0 0 10 1.0555 

1000 1000 1000 2000 3000 10000 2.8624 

1000 2000 2000 4000 1000 10000 3.1770 
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1000 2000 4000 2000 1000 10000 2.9785 

1000 4000 2000 2000 1000 10000 2.7772 

3000 2000 1000 1000 1000 10000 1.8696 

10 10 10 20 30 100 2.5431 

10 20 20 40 10 100 2.9658 

10 20 40 20 10 100 2.7882 

10 40 20 20 10 100 2.5849 

30 20 10 10 10 100 1.6501 

1 1 1 2 3 10 2.0666 

1 2 2 4 1 10 2.5170 

1 2 4 2 1 10 2.4066 

1 4 2 2 1 10 2.2503 

3 2 1 1 1 10 1.4772 

 

The score is adjusted to the Hacker denominator with a sensitivity to the time of operations of 0.5 in the 

"Personalized Recommendation" recommendation system. A person can alter the estimate using this 

number, although the reduction limitations are tiny (Figure 5). Because not just the length of time it takes to 

publish is a crucial aspect in the approach, the relevance of the length of time it takes to publish is only 0.5. 

 

 

Figure 5. Change in Hacker score depending on the number of days of publication (importance 0.5) 

Source: formed by authors 

 

The developed assessment combines Wilson, Bayes, and Hacker methods based on the following 

principles:  

• the Bayesian method score is divided by 5 for normalization with the Wilson score;  

• the scores of the Bayes and Wilson methods are taken as the root mean square of the sum;  

• degree of sensitivity to days of publication is 0.5; 

• to reduce the adjusted score to a 5-point rating scale, the coefficient sets before the calculation formula. 

For randomly selected products, the studied Amazon database (Jianmo, 2018) did a comparison 

characterization of estimations for differences by methodologies. Since the database was created in 2017-

2018, the duration of publication is computed as the difference between the current product's publication 

date and the most recent publication date of a certain product. All estimations are normalized to have a 

maximum value of five (for ease of comparison). Due to its sensitivity to the examined criteria, a 
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comparative examination of assessments revealed that the produced evaluation is more effective. If all of the 

conditions are satisfied to a high level, it is higher than others. At the same time, if at least one criterion is 

low, the score is lower than most other scores. 

 

CONCLUSION 

Key HRSs focus on overcoming cold start issues, focusing on long product tails, data tonality, telemetry, 

combined taxonomies and folklonomies, profile similarities and demographics, product description and user 

profile comparisons. 

The Ukrainian e-commerce market has a limited number of the simplest algorithms for providing 

recommendations. They are limited to direct user information, such as history of purchases, viewed products 

and those added to the wish list. Other recommendations are based on information collected from all 

consumers of the company. 

The concept of HRSs provides a recommendation in four categories: "Personalized Recommendation", 

"Best Buy", "News", "Recommendation for the survey". "Personalized recommendation" is a HRS of the 

type "addition of features": demographic methodology of the content method of the system and the matrix of 

factorization of the collaborative method. The method of calculating the similarity coefficients of user 

profile vectors and object profile vectors has been further developed, which allows to increase the accuracy 

of forecasting recommendations. The "News" recommendation system is a combination of content 

recommendation methods: it is proposed to provide recommendations based on the similarity of the 

characteristics of past user reviews of goods and the characteristics of items. "Best Buy" is a direct 

collaborative, direct-link referral system. The hybrid system "Recommendation for the survey" uses a 

cascading approach: the method of content direct approach to the recommendation system with subsequent 

situational application of the recommendation systems of existing species. 

Developed own methods of product evaluation. In the "Personalized Recommendation" recommendation 

system, the assessment is based on a combination of Wilson, Bayes and Hacker methods in their 

normalization. 

The research proposes a complex of hybrid recommendation systems in the markets with a low level of 

development of RSs in e-commerce that can be applied in Ukraine. Because of that, further research will aim 

to develop the concept of gradual implementation of HRSs by Ukrainian e-commerce sites further, including 

a wider practice of using internal characteristics of products and users of the complex of RSs; deeper 

analysis of the Ukrainian e-commerce market and RSs market, testing of systems on the data of domestic 

platforms and considering their features. Adhering to all that, we define the room for further research in 

terms of the practice of using RSs in Ukraine. 
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ABSTRACT 

 

The rapid development of technology has caused a pervasive change in the way people and businesses live. Making sound 

business decisions is unthinkable without processing a large amount of data (publicly available and collected on the basis 

of problems) with high accuracy and quality. The importance of unstructured data acquires various sources is growing. 

Of particular value is the continuous flow of textual information that is generated every minute around the world in a 

different form (unstructured textual data). This is also the subject of this article. The aim of the article is to provide an 

analytical overview of the main methods of word processing that are applicable for pragmatic analysis of information 

flows from companies, such as: extraction, summarization, grouping and categorization of text. Some methodologies are 

based on NLP (Natural Language Processing), others on Bayesian logic and statistical theory and practice. From the 

review of various publications on the topic, conclusions are proposed for their practical applicability. This allows for an 

objective choice of appropriate tools for processing unstructured information and business intelligence. The results of 

the study can be successfully used to improve managerial decision-making, improve the quality of work of employees and 

reduce errors in overall marketing planning. 
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INTRODUCTION  

In 1998, in one of its “Industry review” reports Merrill Lynch, a trader in the sale and purchase of corporate 

securities, indicates that: “unstructured data comprises the vast majority of data found in an organization, some 

estimates run as high as 80%.” (Lynch, 1998). This trend retains as a result of the invention of new technology 

and innovations and other authors have measured that “unstructured data constitute 95% of big data” (Gandomi 

and Haider, 2015) and it is doubling its volume every three years (Cukier & Mayer-Schoenberg, 2013). The 

figures in 2020s are pointing out some big numbers as well. According to some statistics in 2020 people created 

1.7 MB of data every single second of their time which means that we have created 2.5 quintillion data bytes 

in 2020 per day. If we have to link these statistics to unstructured data and restrict the numbers to emails and 

posts on the social media source “Tweeter” – every day 306.4 billion emails are sent and 500 million Tweets 
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are made (TechJury, 2021). It is clear that it is up to businesses to put in use this voluminous data, most of it 

unstructured, and extract the sensitive information from it also knows as business intelligence.  

Not surprisingly, this need for information extraction and its conversion by businesses has been identified 

a long time ago. In 1865, Richard Millar Devens pointed the term “business intelligence” (Devens, 2016) with 

the same meaning as the world understands it today – a process nested in the company which is analyzing data 

and then working through it to deliver information that could be used for decision-making. More than 140 

years later the business consulting companies across the globe are reporting the same – business intelligence 

is a top priority for decision-makers in companies (Gartner, 2009). Yes, old-dated term, but new rules are 

applied nowadays. These rules are shaped by the mentioned above voluminous unstructured data mass, 

captured today within “Big data”. The majority of authors are defining big data as a collection of huge volume 

of data that has an architecture constructed on the “Roman census” method and the data accumulated is stored 

in unstructured format. The data collected is categorized as repetitive and nonrepetitive big data. It has been 

discovered by researchers that a micro part of the repetitive data is capturing some business value in 

comparison to the nonrepetitive data which has gathered the fuel of knowledge the business needs for better 

decision-making (Inmon, Linstend & Levins, 2019). This unstructured data that has a high percentage of 

business value is being stored in different formats and big part of it is held by unstructured text.  

Corporate unstructured textual data could be found as we already illustrate above in emails and social media 

posts, but also in clients’ reviews, web pages, blogs, news, CRM systems files, survey responses, etc. However, 

it is not limited to online activities only. There are numerous offline sources of unstructured textual data for 

business as well (such as marketing materials, contracts, offers, job performance evaluations, meeting 

summaries, formal correspondence, etc.). The sources are really diverse as well as the methods to process and 

analyze the generated textual data. In this regard a key contribution that this paper attempts to bring forth is 

the conceptualization of scientifically grounded collection and presentation of unstructured textual data and 

more specifically - the inspection of methods to be used to execute text analysis on newly generated 

organization-related data supported by real-life examples of application. This paper is organized as follows: 

(1) it provides highlights of the published hitherto methods for textual analysis of unstructured data and 

underlines the authors’ point of view on them; (2) the paper then expands to a discussion which may assist and 

navigate decision makers in companies when choosing the right text mining method/s for business intelligence 

extraction suitable for their business model. Previous research has showcased and analyzed separate text 

mining methods while this paper tries to incorporate a larger body of up-to-date literature with practical 

business implications.  

The paper contains generic theories which are not tool-specific and additionally - specific tools established 

and pointed by other authors as complementing examples. 

 

MATERIALS AND METHODOLOGY  

1. Conceptualization of unstructured data 
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The main path standing in front of every business when a decision to deal up with unstructured textual data 

is taken is starting with the collection of it through a specific source/s and usually the options are close to 

myriad. We must take into account that the extracted data could be either subject to individual analysis with 

its only outcomes or it could then be added to the previously collected and structured data and become part of 

an integral data analysis which could give an overall view of the business operations and processes. The 

decision to pass up the separate interpretation depends only on the specific pre-set main purpose for executing 

the whole data processing.  

After collection of data, a transformation from unstructured to structured data follows which would activate 

one’s ability to make sharp analysis for the business. We have to mark that for some of the reviewed authors 

this transformation can be skipped which will lead to working directly with the data and analyzing it in its 

unstructured format. This approach is also mentioned by W. Inmon and A. Nesavich: “One approach is to look 

at and gather the textual data in the unstructured environment. When there, the textual data is analyzed and 

manipulated in the unstructured environment. The unstructured environment appears to be a natural place to 

do textual analysis because, after all, the text resides in the unstructured environment.” (Inmon & Nesavich, 

2007). This approach assumes the application of a different analysis pattern each time we collect unstructured 

data. This is surely a time consuming process and one will not be able to use the positives of an encapsulated 

business analysis described above. The benefits of the transformation-based approach which reconstructs 

unstructured data to one with a structure and then works with it through data analytics tools are even more 

affirmative for the business because the process of transformation could be established as continuously 

ongoing transformation and this way to become a channelized business unit in the company operating with a 

good level of autonomy and resource efficiency.  

By reviewing the approach that is transforming the unstructured data to structured, we can delve into the 

works of many scholars and their research in the field of text analysis. The main idea standing behind the 

transformation process is to find a context in the unstructured textual data. Part of the companies have found 

the need of this contextualization long time ago. The first attempts have been made through mechanism called 

“NLP”.  NLP, meaning Natural Language Processing, is a technology that contributes the human-like 

understanding of text in different languages by a computer. It is referred to as a part of Artificial Intelligence 

field of study. Natural language processing systems were developed as early as back in 1970s such as 

“SHRDLU” in Massachusetts Institute of Technology (MIT) (Stephens, 2002). Over the time the NLP 

mechanism has been repeatedly reconsidered and improved because of its limitations like the fact that NLP 

does not consider the emphasis on words. Or the fact that it is difficult for NLP to find the logic behind words 

in a specific language as every language has expanded through the years (Inmon, Linstend and Levins, 2019). 

These are some of the main reasons for NLP not to be used as a single approach for analyzing unstructured 

textual data. Consequently, other tools and processes are in need to be developed as add-on to NLP and to 

extract context for business intelligence and deliver value to companies (Hänig & Schierle, 2010). Also, 
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owning to the dramatic changes that occurred with the more diverse communication channels and sources, the 

evolution of contextualization reached to text mining. 

We can conclude that the improvement of the combination between NLP and artificial intelligence 

techniques gives a good effect on unstructured textual data processing. It decreases the level of complexity to 

analyze and also raises the level of utilization of the collected data. Another positive consequence can be also 

traced in the above two – the more data businesses are processing; the more accurate decision making will 

become. 

 

Figure 1. The use of unstructured data becomes easier 

Source: https://blog.yokogawa.com/blog/find-value-in-unstructured-plant-data 

 

2. Conceptualization of text mining techniques 

The vast majority of authors in the field of text mining classified the same five main types of text mining 

techniques: (1) text extraction, (2) text summarization, (3) clustering, (4) text retrieval and (5) text 

categorization. 

2.1. Text Extraction 

While focusing on the first type of text mining technique Jiang opined that text extraction is the method for 

“finding structured information from unstructured textual data” (Jiang, 2012). More specifically, the text 

extraction process is connected to the scanning through the text and finding relevant words and expressions. 

We can distinguish between three main types of text extraction through the reviewed studies: entity 

recognition, relation extraction and keyword extraction which can be used properly in almost every textual 

data analysis by businesses. 

Entity recognition (entity extraction) could be found in scientific literature also as “named entity 

recognition” and it refers to the processing of unstructured text and finding a set of episodes of words and 

phrases which are belonging to a specific predefined Named Entities categories (Mikheev, Moens & Grover, 
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1999). These categories could be locations, names of people, names of organizations, specific dates, etc. There 

are entirely automated extraction approaches that have been developed through the years and are designed 

with the help of machine learning (fast and effective alternatives for businesses). A good example is 

“LODifier”. It uses the nature of named entity recognition, the essence of deep semantic analysis, also 

Semantic Web vocabularies and word sense disambiguation for its main purpose – the extraction of named 

entities and links between them in text. It has high practical potential due to the options for conversion into a 

RDF (Resource Description Framework) representation of the collected data and the linkage to DBpedia and 

WordNet (Augenstein, Padó & Rudolph, 2012). 

The second type of text extraction is relation extraction. The central conception embedded in this term is 

extracting semantic relationships from an unstructured textual data. There is a simple reason why human 

cannot annotate semantic information from the data – because of the volume and different structure variations 

of the text which will make it difficult for humans to process. Thus at all times computer annotates the semantic 

information through supervised and semi-supervised approaches (Bach & Badaskar, 2007). 

The third type of text extraction is keyword extraction. It refers to a powerful approach for keywords 

extraction in order to capture the ‘key’ components of a specific text (Firoozeh et al., 2020). Keywords are 

subject to one or more words which are giving a glimpse of the content of the text. The general perception in 

most of the research papers in this field of study is that keyword extraction is part of the bigger body of 

literature named ‘text extraction’ but there are also authors who are referring this term to ‘information retrieval 

(IR)’. Their argument is based on the fact that keywords are used regularly within information retrieval systems 

as queries determinants because of their ability to be defined, shared and remembered easily (Rose et al., 

2010). As with the other types of text extraction, the artificial intelligence methods are also implemented to 

improve and upgrade the classic process of keywords extraction. This approach has firstly been introduced by 

Turney who gives a detailed description of the supervised machine learning tasks embedded in the keyword 

extraction process (Turney, 2000). 

After reviewing the main types of text extraction, we can arrive at the conclusion that none of all text 

extraction types can be defined as a unified domain of studies. The main reason standing behind this conclusion 

is connected to the core of the unstructured textual data – it is never repeatable and it is unique on its own as 

a representation of the unique thoughts of humans and different variations of expressing them. Other logic is 

connected to the diverse sources from which the data could be extracted. As we already described in this paper, 

the structure of every source is one of a kind and we cannot count to lay out a specific pattern from any kind 

of structure.  

2.2. Text Summarization 

The second type of data mining main technique mentioned is text summarization. The term is defined as 

method operated by a computer which generates summaries of a textual data. It is subject of research in both 

natural language processing and artificial intelligence domains (Impelsys, 2021) which is an expected fact 

given the already discussed specificities of data processing in the beginning of this chapter. Although it is a 
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widely used technique nowadays, it was first researched in 1950s from Lunch (1958) and Baxendale (1958) 

(Bhartiya & Singh, 2014).  “Text summarization methods can be classified into extractive and abstractive 

summarization. An extractive summarization method consists of selecting important sentences, paragraphs 

from the original document and concatenating them into shorter form. Abstractive summarization aims to 

interpret and examine the source text and creates a concise summary that usually contain compressed sentences 

or may contain some novel sentences not present in the original source text.” (Bhide, 2016). Despite the fact 

that there are multiple studies on this topic, the research community stands for three core characteristics of the 

text summarization only. A summary as result to the text summarization process should be short, it must 

contain important information and it can be extracted by single or multiple text/s.  

Based on the last characteristic mentioned there are single-document summarization and multiple-

document summarization methods. Those which are based on providing a summary from a single document 

listed by two researchers from Carnegie Mellon University (Das & Martins, 2007) are mainly based on: (1) 

Naïve-Bayes methods which are capable of learning from the data (Edmundson, 1969), (2) Decision trees 

models which are studying the usefulness of single features in the text (Lin, 1999), (3) Hidden Markov models 

which are using sequential model for uncovering dependencies between sentences (Conroy & O’leary, 2001), 

(4) Log-Linear models used by some authors to show that this model extracts summaries better than Naïve-

Bayes model (Osborne, 2002), (5) Neural networks algorithms which use also third party datasets to extract a 

summary (Svore, Vanderwende & Burges, 2007).  

Das and Martin managed to describe in details the field of multiple-document summarization (Das & 

Martins, 2007) that has been settled by researchers in Columbia University and their system called 

SUMMONS – the first multiple-document summarizer (McKeown & Radev, 1995). Next big contribution in 

this field of study is a text summarization processed with the power of graph-based method where the summary 

content is introduced as nodes and edges of a graph (Mani & Bloedorn, 1997). One year later the topic-driven 

summarization was introduced and also the term maximal marginal relevance was set (Carbonell & Goldstein, 

1998). Another approach has been invented in 1999 and described in details few years later. It is called cluster 

centroids where all documents are represented as bags-of-words (Radev et al., 2004). One more approach for 

multi-document summarization is brought to our notice and it solves the problem of summarization of multi-

language document/s ( Evans, McKeown & Klanvas, 2005).  

2.3.  Clustering  

Clustering is defined as unsupervised grouping of specific objects (patterns) into groups (clusters) based 

on their characteristics (Tsai, Wu & Tsai, 2002). The data which is subject to the data mining process in cluster 

analysis is affected by certain clustering algorithms to be transformed from raw data to clusters of specific 

data at the end of the process. A variety of models can be used on the raw data and some authors define seven 

of them as main applications of the cluster modeling: (1) hierarchical algorithms, (2) partitions algorithms, (3) 

density-based algorithms, (4) grid-based algorithms, (5) model-based algorithms, (6) graph-based algorithms 

and (7) combinational algorithms (Patel & Thakral, 2016). Each one of these algorithms has advantages and 
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disadvantages and it is good for businesses to choose wisely which model to operate during their collection of 

textual unstructured data depending on its characteristics and the results set to be achieved through the process 

of analysis.  

Hierarchical models in clustering perform a hierarchical grouping breakdown on the raw data. There are 

two types of hierarchical algorithms – divisive and agglomerative algorithms. The divisive ones, also known 

as top-down methods, are defined by some authors as three-step algorithms. First, a splitting process is 

subdivisioning the raw data into two sub clusters. In the next step, a local evaluation of the results of the 

preliminary detached divisions is made. The final step consists of a resulting dendrogram – a result from the 

process of the determination of the node levels (Roux, 2018). The other type of hierarchical clustering 

represented by agglomerative algorithms, also known as bottom-up methods, is approach in which each 

observation is presented as a single cluster. Then, pairs of clusters are shaped as the algorithm moves up to the 

top of the hierarchy (Sasirekha & Baby, 2013). Nowadays there are cultivated ready-to-use packages (libraries) 

available using the hierarchical clustering methods which can be imported directly to a variety of advanced 

integrated development environments. An example for such package is the C++ library ‘Fastcluster’ which is 

also “featuring memory-saving routines for hierarchical clustering of vector data and improves both 

asymptotic time complexity and practical performance comparing the existing implementations in standard 

software” (Müllner, 2013). 

Partitioning algorithms divide the raw data into multiple subsets (partitions): k-means algorithms, CLARA 

algorithms, etc. While in density-based clustering algorithms, there are clusters made of data objects that could 

be found in regions with a high density of data objects. These clusters are disconnected by regions with low 

density of data objects which are mainly defined as outliers or noise (Kriegel et al., 2011). There are clustering-

based solutions dealing with stream data using density-based techniques. An example here is ‘D-Stream’. The 

algorithm behind this framework can produce and correct clusters in real time (Chen & Tu, 2007).  

The other clustering algorithms are also providing practical support to the process of data analytics: grid-

based algorithms have multi-dimensional grid architecture and they are convenient because of their quick 

processing time; model-based algorithms seek to enforce data to some mathematical model and this way they 

are defined as both statistical and artificial intelligence approaches; graph-based algorithms come in handy 

when the need of visualization of objects that are related to each other has arisen; combinatorial clustering “is 

performed by minimizing an objective function under a condition to satisfy a constraint.” (Kumagai et al., 

2020).  

2.4. Text Classification 

Text classification, also known as text categorization, can be defined as the process of classifying textual 

data based on predefined categories, topics, etc. Text classification is a central approach in NLP, working 

together with machine learning methods. The majority of researchers in the field of text mining have come to 

the conclusion that text classification could be used in broader area of applications such as: topic analysis 

(understanding the topic of a specific text), spam detection (the detection of spam messages/e-messages 
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throughout the context of the source), intent detection, language detection (the detection of a language used in 

a given text), etc. We can notice that special attention is paid to sentiment analysis through multiple studies.  

Sentiment analysis, also known as opinion mining, is defined as the process of extracting and analyzing 

human’s sentiments towards specific domains such as products, services, etc. (Birjali, Kasri and Beni-Hssane, 

2021). Lately, a popular approach to work with sentiment analysis is the Long Short-Term Memory (LSTM) 

approach. LSTM is proposed Reiter and Huber (1997) and its core is to polish the architecture of recurrent 

neural network and more specifically - to handle the problem with long-term dependencies by the classic 

RNNs examined by Hochreiter in 1991 and Bengio in 1994. LSTMs are designed to remember information 

for long periods of time and with a different structure of the repeating module from the classic RNNs.  

Some authors propose an innovative approach for analyzing textual data by using text categorization and 

the Latent Categorization Method (LCM). This combination was used for categorizing and automatically 

naming “IS research topics in 14,510 abstracts from 65 Information Systems journals”. This method managed 

to form categories by a wide array of text (Larsen et al., 2008).  

2.5.  Text Retrieval 

Text retrieval (TR) is a process of finding an accurate textual data with an unstructured nature compatible 

with predefined criteria by using a query. It is a widely used technique to accommodate the need of finding ad 

hoc information in relevant document from a collection of documents. (Zhai & Massung, 2016). We can 

indicate two processes involved in the series of actions to perform text retrieval: (1) indexing which is using 

metadata to frame a computable representation of the content, (2) retrieval which matches queries to 

documents. This pair of query document indexing and retrieval is built on lexical approach. The currently used 

worldwide search engines are based on same lexical approach in combination with bag-of-words model 

(Tamine & Goeuriot, 2021).  

 

RESULTS AND DISCUSSION 

The world of business has come a long way in terms of unstructured text processing. It is important to note 

that the employers know very well how diverse the sources for unstructured textual data extraction are. This 

made them ‘hunt’, explore and then implement partially new architectures for their sources of data that provide 

all the information needed for better data mining. For example, part of companies offering services through 

internet managed to switch their booking process to online booking forms, instead of phone call booking 

requests. This lead also to the reorganization of many units and processes in companies such as: reorganizing 

office spaces; changes in cost-per-employee index; directing more attention to UX design; searching for better 

IT solutions to increase the swiftness of the new booking process and many more. All in the name of getting 

more accurate information from their customers. Others, product-offering companies, are trying to 

differentiate special places in their websites where customers can leave reviews. Even more, they are 

encouraging the using of hashtags in some social media platforms so the process of extracting information by 

their comment become easier. The main idea standing behind these new approaches may be different for each 
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business (to improve an existing product/service; for better sales planning; to easily develop a new 

product/service; to expand to another market/s, etc.) but they all end on same result - the level of accuracy of 

customer knowledge management (CKM) increases. CKM, “which refers to the management of knowledge 

from customers, i.e. knowledge resident in customers” (Gibbert, Leibold & Probst, 2002) is thoroughly 

examined by many authors but only a few of them studied the extraction of knowledge from customers through 

data-driven approaches. These particular studies have found that the effectivity of the CKM raises through the 

usage of data mining techniques (Zhan, Tan & Huo, 2019). 

Despite the above mentioned different ways in which companies choose to organize their work practices 

the text information received is mainly submitted in the form of free text in a non-unified way. This 

unstructured raw textual data is yet extensively used even in emergency department records of hospitals for 

example. And NLP and machine learning techniques again are the main contributors in the process of 

analyzing these narratives. This way the text mining process becomes subject to patterns recognition in 

specialists’ reports by identification of specific configurations found in patients’ information. Besides 

emergency departments, in most businesses - the better knowledge and understanding of text mining methods 

companies have, the larger the potential for improvements of overall performance may take place; thus - better 

implementation and usage of these methods can also positively impact business results of organizations. 

Substantially, text mining techniques can yield significant information about important insights that companies 

from different industries can use to adjust their marketing strategies. Different techniques and their application 

are presented below:  

Text summarization, as one of main text mining techniques, could solve a huge amount of problems in the 

companies of almost every sector. It saves time in first place and this is of major importance as time is the 

most valuable resource for every business, but also for its customers. A good sector-specific example where 

text summarization usage is recommendable is travel reviews and travel shopping websites. They have a huge 

number of reviews and it is a true nightmare for the user to go through all the reviews to pick the right future 

travel property. Text summarization is a useful technique in this particular situation – it can summarize the 

listed travel properties and this way instead of wasting user’s time it will give him a comfortable and quick 

option to pick a property through summarized details like district, property type, facilities, review score, 

cleanness review, etc.  

On the other hand, text summarization could decrease the error rate in decision-making based on the 

omission of important information and even more – this way higher quality of work will be established and 

the employees’ performance can be more successful. It is discovered that error rates in companies with 

common working practices vary from 10 to 30 errors per hundred opportunities. Alternatively, best performing 

companies using data-driven management methods have 5 to 10 errors per hundred opportunities (GoodSign, 

2015). And again, it takes time for the management to process information compiled in the data analysis 

process and to deliver insights of it to the respective subordinates in the organizational structure.  
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As prime text mining technique, clustering is applicable for a variety of business practices in conjunction 

with its main role in Functional data analysis (FDA). FDA is part of statistical analyzation of data represented 

as curves, images and all types of graphical representations that trace a process or indicator over time. For 

companies operating in the field of sports trading, financial trading, all types of companies offering business 

predictive models to their corporate clients (from sales and new market entry to gauging buyers’ propensity to 

purchase and internationalization opportunities), etc., clustering is an essential analytical tool.  

All mentioned in chapter “Conceptualization of text mining techniques” types of text classification 

techniques (sentiment analysis, topic analysis, spam detection, intention detection, etc.) are unquestionably a 

dominant tool for companies from all sectors to get the sentiment of a text generated through web site reviews, 

social media comments, customer surveys, etc. The result received, mainly as simple as it is – positive, neutral 

or negative, can provide a better vision of public opinion within marketing campaigns, services and products. 

Sentiment analysis for example, could give a more detailed view and form sub-sections of the main analysis 

through techniques such as finding the sentiment of a separated sentences or providing a more complex result 

(sentiment numeric score) which can indicate positive and negative parts of the text. The last example is also 

known as a good practice for businesses to incorporate in their tactical operations that can allow for maximum 

utilization of the benefits that sentiment analysis offers – a combination with aspect mining. This approach 

identifies different parts of the text and as result - the analysts can get the sentiment for the pricing, for the 

customer service, etc. 

The examples described above form a small part of the benefits that put in superior position among 

competitors the businesses chosen the data-driven approach powered by AI for its decision-making. And, even 

more, when a combination of text mining techniques is adequately made, they result in integral data analysis 

which effect on the predefined areas for improvement is impressive. A good example is healthcare industry 

and more specifically – healthcare professionals relying highly upon feature extraction, clustering and 

classification techniques applied to clinical datasets for designing pattern-specific treatments and decreasing 

the number of harmful reactions by medicines (Aarushi and Arunava, 2021). These two researchers used the 

studies of Viveka and Kalaavathi, GraciaJacob and Ramani to be even more specific: the clusters can lead us 

to a specific type of drugs which may provoke a harmful reaction (Viveka & Kalaavathi, 2016); the process 

of classification helps in the assigning of parts of patient’s data to predetermined classes; the pre-existing data 

sets may be cleaned up from predictors of pathologies for better and more swiftly data exploration and analysis 

(GraciaJacob & Ramani, 2012). This way the life of their patients is improving but also there is a serious 

reduction in hospitalization costs (Jain & Ghosh, 2021). 

Another successful combination of text mining techniques was discovered by Sharma and Panigrahi related 

to banking sector. Their review of literature about data mining techniques able to be used for a practical 

detection of financial accounting frauds shows that Bayesian belief network and decision trees were among 

the most widely used ones for solving the defined problem (Sharma & Panigrahi, 2012). As decision tree and 

Naïve Bayes are already mentioned conceptualization chapter above (instead of Bayesian belief network) it is 
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objective to state that nowadays Naïve Bayes is better known techniques and this is for a reason. As other 

authors concluded Naïve Bayes is a limited form of Bayesian belief network but once used as a classifier it 

shows a better performance in this specific task (Friedman, Geiger & Goldszmidt, 1997). 

The right combining of text mining techniques could have a great quantity of business advantages and 

profit gain. From better office locations analysis for telecommunication companies and better warranty 

analysis for product manufacturers to more precise property-prices trend analysis for real estate agencies and 

present-day-talked-about-topic analysis for television producers – there is always a room for improvement but 

with the power of text analytics it may be possible for businesses to succeed in doing it.  

Along with the core techniques described in details in this chapter it is recommendable for companies to 

stay informed about all new hybrid tools that are specifically designed to incorporate all functions contained 

in the text processing – extraction, analyzing, etc. An example for such tool is “VisualUrText” which is a tool 

that aims to combine the process of extraction, processing and analyzing the unstructured business related text 

data and to visualize at the end a cleaned text. There is a list of possible form which are capturing the final 

result such as Document Term Matrix (DTM), Frequency Graph, Network Analysis Graph, Word Cloud and 

Dendrogram (Zainol, Jaymes & Nohuddin, 2018). 

  

CONCLUSION 

One of the main challenges standing in front of every business nowadays is to refine the ongoing process of 

complex data analysis where the main part of the data is in unstructured format. This improvement on company 

level is accompanied by choosing modern, automatic text mining method to do the main work. Thus, a 

proficiency in knowing best methods combinations, best modern practices and the most suitable text analytics 

tools can give every company the power to dominate in its field of expertise.  

Based on the literature reviewed for this paper another direction for further discussion arises. We can notice 

that almost every text mining algorithm is working with NLP in English or with only one language. Although 

it is considered that the language of science is English and it is also the most used language for business 

relations all over the world, it will be best to direct the future development power to more multilingual 

techniques for text analytics. This way a larger part of businesses could benefit from the text mining methods. 
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ABSTRACT 

 

The international scientific community has long acknowledged the importance of analysing green economy. At the same 

time, there is a need for developing a comprehensive index, which would embrace all the aspects of green economy 

development. Objectives: To that end, a group of scholars of Daugavpils University proposes to use an EEPSE Green 

Economy Index (which combines educational, economic, political, societal, and environmental indicators). This study 

aims to present the results of their research Methods/Approach: The EEPSE Green Economy Index, presented within the 

present paper, is based on the Quintuple Helix Model. The use of the model is substantiated, inter alia by qualitative 

content analysis. Results: The results of the present study advocate the efficiency of the Index, showing its potential in 

performing current analysis and highlighting its correlation with sustainable development goals progress in the European 

Union countries. Conclusions: Thus, it can be concluded that the EEPSE Green Economy Index can be used as a tool for 

analysing the level of green economy development in a particular country, as well as its progress towards implementation 

of sustainable development goals (SDGs). 
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INTRODUCTION 

Transition to green economy remains high on the agenda for scientific community, along with measuring 

progress in this respect. To accomplish the latter task scholars have developed several comprehensive and 

inclusive indices. Ryszawska (2015) in her Green Economy Index included such factors as natural capital 

(ecosystems, biodiversity), economy (resource consumption, emissions, pollution, and waste), politics 

(environmental strategies and policies), and society (poverty and social inequalities). At the same time, 

Kazstelan (2017, 2018) used the Organisation for Economic Cooperation and Development methodology as a 

basis, which included in its Green Growth Indicators such indicators as environmentally adjusted multi-factor 

productivity, material productivity, CO2 productivity, air pollution exposure, GDP per capita, low income, 

inequality, environmentally related innovation and taxation etc. (OECD, 2017). Other international 

organisations and NGOs also dwelled upon the topic, the most recent examples including Environmental 
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Performance Index (Wendling et al., 2020), developed within Yale Center for Environmental Law & Policy, 

as well as Greenness of Stimulus Index (Vivid Economics, 2021).  

All these works marked significant stages in elaborating tools for analyzing green economy by both scholars 

and decision-makers. Still, the above-mentioned indexes do not include all aspects of the phenomenon. Also, 

their framework hasn’t been used for testing correlation with sustainable goals progress, especially in the EU. 

At this background a group of scholars from Daugavpils University came out with an original EEPSE Green 

Economy Index to assess the European Union countries’ progress on green track (Lavrinenko et al., 2019; 

Rybalkin et al., 2021). Besides that, the present article, in addition, aims to disclose correlation between the 

Index and some sustainable development goals progress in the European Union. 

 

METHODOLOGY  

To highlight the multidisciplinary and multidimensional nature of the phenomenon qualitative content analysis 

of various green notions definitions by Vertakova & Plotnikov (2017), Leal-Millán & Antonio (2020), Swart 

& Groot (2020) etc. was performed. By the results of such analysis, it was established that a comprehensive 

green economy index should necessarily embrace such spheres as education, economy, politics, society, and 

natural environment. This fact provided grounds for applying the Quintuple Helix model within the research 

(Lavrinenko et al., 2019). 

Talking about strong points of such approach, in the first place it has to be mentioned that it can solve 

existing problems by applying knowledge and know-how, as it focuses on the social (public) exchange and 

transfer of knowledge within the subsystems of a particular state or a national state (Barth, 2011). Second, the 

innovative Quintuple Helix model explains the way knowledge, innovations, and environment (natural 

environment) are interrelated (Carayannis & Campbell, 2017). The Quintuple Helix model is both 

interdisciplinary and transdisciplinary: the complexity of the five-spiral framework implies that a full 

analytical understanding of all spirals requires the continuous involvement of the entire disciplinary spectrum, 

ranging from Natural Sciences (due to inclusion of the natural environment) to Social Sciences and 

Humanities, to promote and visualize the system of collaboration between knowledge, know-how and 

innovations for more sustainable development (Carayannis and Campbell, 2017; Vītola et al., 2021). A graphic 

description of the model can be seen at Fig.1. 

As described at the Figure 1, the Quintuple Helix model comprises five helices: the education system 

(represented by academic and higher education institutions), the economic system (industry, banks and 

services), the political system (public authorities and their plans, laws, ideas), the media- and culture-based 

public, and finally the natural environment (Grundel & Dahlström, 2016). These five helices work as 

“subsystems” in which knowledge moves from subsystem to subsystem in a circular manner (Ibid). 

Thus, the Quintuple Helix Model formed the basis for developing the EEPSE Green Economy Index –  

a comprehensive index which combines all the subsystems of green economy, i.e., education (E),  

economy (E), politics (P), society (S) and environment (E) (Rybalkin et al., 2021). 
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Figure 1. The Subsystems of the Quintuple Helix Model. 

Source: Carayannis & Campbell, 2017; Carayannis et al. 2012; Etzkowitz and Leydesdorff 2000.  

 

It is notable that application of the Quintuple Helix Innovative Model to sustainable development in general 

and SDGs in particular has already been exercised by scholars (Barcellos-Paula et al., 2021). 

To make necessary calculations of the EEPSE Green Economy Index an equal number of indicators (10) 

were assigned to each of the subsystems (5), 50 indicators in total (see Appendix). All indicators were 

standardized, and then, for better perception, the transition to T scale was made by the following formula: 

                                                                          T=50+10*z                                                                         (1) 

The factors of the EEPSE Green Economy Index were obtained as arithmetic means of the corresponding 

indicators. The integrated EESPE Green Economy Index was received as the arithmetic mean of the values  

of five subsystems (Lavrinenko et al., 2019). 

 

RESULTS AND DISCUSSION 

According to the results of the research, Sweden became the leader of the list of the EU countries with  

the EEPSE Green Economy Index equalling 58,97. The top seven countries also included United Kingdom 

(58,14), Denmark (57,75), Germany (56,42), Finland (56,02), France (54,69) and the Netherlands (54,38).  

At the same time, the list of worst performers of the ranking embraced Poland (43,21), Bulgaria (43,46), 

Cyprus (43,50), Hungary (44,94) and Romania (45,25). 

The cluster analysis was carried out with the use of SPSS software. As a result, the EU countries were 

grouped into two homogeneous clusters (see Map, Figure 2) by their EEPSE Green Economy Index.  

It is notable that all mean values of subsystems in the Cluster + (Table 1) exceeded the mean values  

of subsystems in the Cluster – (Table 2) . Particularly, the mean value of the “quality of education” subsystem 

by 27 %, of the “political” subsystem by 18,5 %, of the “civil society” subsystem by 14,3 %, of the “economic 

aspects” subsystem by 14,2 %, of the “natural environment” subsystem by 11,3 %. 
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Figure 2. The EU Countries Plus UK Divided into CL+, CL- Clusters by EEPSE Green Economy Index in 2020 

Source: the author’s calculations in SPSS 

 

According to observations in Cluster + (Table 1), the United Kingdom secured leading positions in the 

educational subsystem (71.52), while Estonia showed the lowest academia record among the leaders (44,28). 

Sweden became the leader in the economic subsystem (64,58), while Belgium found itself at the bottom of the 

list (46,91).  

 

Table 1. Values of the Cluster CL+ in 2020, EEPSE GEI Descending 

№ Country name Quality of education 

system 

Economic 

aspects 

Political 

system 

Civil 

society 

Natural 

environment 

Mean= 

EEPSE GEI 

1 Sweden 57,39 64,58 59,59 58,45 54,83 58,97 

2 United Kingdom 71,52 57,00 56,36 51,33 54,51 58,14 

3 Denmark 55,42 59,56 61,73 56,65 55,38 57,75 

4 Germany 69,28 51,72 54,71 51,28 55,09 56,42 

5 Finland 53,08 56,02 60,92 57,32 52,73 56,02 

6 France 63,88 51,41 54,06 50,47 53,64 54,69 

7 Netherlands 58,33 51,71 56,45 53,86 51,55 54,38 

8 Austria 52,37 52,67 51,22 50,35 54,48 52,22 

9 Luxembourg 44,93 51,78 53,31 55,92 54,77 52,14 

10 Spain 57,32 48,43 47,83 51,36 51,90 51,37 

11 Estonia 44,28 52,62 51,21 54,42 52,83 51,07 

12 Italy 56,68 50,12 50,19 47,16 49,96 50,82 

13 Belgium 52,84 46,91 52,60 52,54 47,85 50,55 

14 Ireland 46,19 51,91 48,77 55,59 47,92 50,08 

CL5 = CL+ 

Source: the authors’ calculations in SPSS according to statistical data 
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Sweden also showed the best results in the “Civil society” (58,45) subsystem, while in the sphere of politics 

it yielded palm to Denmark (61,73) and Finland (60,92). Speaking of the environment subsystem, Denmark 

scored the most (55,38) and Belgium – the least (47,85). 

Moving on to the situation in the Cluster - (Table 2), it has to be mentioned that Slovenia became the leader 

(48,59) and Poland scored the least (43,21): 

 

Table 2. Values of the Cluster CL-, EEPSE GEI Ascending 
№ Country name Quality  

of education 

system 

Economic 

aspects 

Political 

system 

Civil 

society 

Natural 

environment 

Mean= 

EEPSE GEI 

1 Poland 47,55 40,72 37,50 44,68 45,61 43,21 

2 Bulgaria 42,24      43,40 42,14 42,67 46,85 43,46 

3 Cyprus 42,52 40,34 43,57 51,63 39,42 43,50 

4 Hungary 45,15 45,42 43,57 42,76 47,83 44,94 

5 Romania 42,17 49,09 43,06 42,91 49,02 45,25 

6 Malta 42,52 49,82 43,70 47,28 43,98 45,46 

7 Croatia 42,32 49,50 45,24 40,85 49,76 45,53 

8 Slovakia 42,33 46,92 45,58 44,98 49,93 45,95 

9 Czech Republic 46,65 45,69 44,54 48,10 50,69 47,13 

10 Greece 47,26 42,15 48,31 51,88 48,40 47,60 

11 Lithuania 41,58 51,32 47,93 48,68 49,61 47,82 

12 Latvia 40,90 52,23 51,79 48,16 48,37 48,29 

13 Portugal 47,67 49,08 53,73 51,35 40,53 48,47 

14 Slovenia 45,63 47,89 49,50 47,36 52,58 48,59 

CL5 = CL- 

Source: the author’s calculations in SPSS according to statistical data 

 

 

Even though the EEPSE Green Economy Index elaborated by the scholars (Lavrinenko et al., 2019; 

Rybalkin et al., 2021) has helped to divide the EU countries into two homogeneous clusters, find out the main 

differences in terms of green economy development between the clusters etc., it would be useful to make  

it less complicated by establishing the most relevant indicators and thus constructing its simplified version, 

where the number of indicators (currently 50) would be significantly reduced. 

To carry out the selection the analysis of the multicollinearity of the unified statistical indicators was 

performed. To that end, the coefficients of determination R2 = r2 of each of the primary statistical indicators 

of the analysed set, in which the significance of the correlation coefficients is at the level of 0.01 and 0.05, 

were found (Ayvazyan, 2005). The value of the coefficient of determination showed what share of the variation 

of the dependent variable is due to the variation of the explanatory variable. The analysis of the obtained 

numerical characteristics allowed to carry out a preliminary stage of identifying closely related pairs  

of variables. The degree of connectedness can be judged by the value of the coefficients of determination close 

to unity (0.9 < R2 < 1). 

After that, it was decided to take three indicators with the biggest sum of determination coefficients within 

each of the subsystems (to ensure equal representation of indicators, just like in the EEPSE Green Economy 

Index itself). The average of their sum constituted simplified EEPSE Green Economy Index (see Table 3): 
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Table 3. Simplified EEPSE Green Economy Index and Its Indicators 
Education Economy Politics Society Environment 

1. Citations per 

document; 

2. h-index; 

3. Patents by origin/bn 

PPP$ GDP. 

 

1. Efficiency 

Sectors; 

2. Growth of 

innovative 

companies; 

3. Energy transition 

index. 

 

1. Enforcement of 

environmental 

regulations; 

2.  Environmental 

performance, index; 

3. Intellectual property 

protection. 

 

1.  World Press 

Freedom Index;  

2.  Democracy 

index; 

3. Incidence of 

corruption. 

 

1. Environmental 

performance index 

(Environmental 

performance index 

report, 2020); 

2. Air quality; 

3. Water resources.  

SIMPLIFIED EEPSE GREEN ECONOMY INDEX 

Source: the author’s calculations in SPSS according to statistical data 

 

Now that the EEPSE Green Economy Index, along with its simplified version, have been 

presented, it is suggested to test empirically their correlation with indicators related to some of 

Sustainable Development Goals. By the author’s own expert view (and taking into account limited 

scope of the present article) three SDGs were chosen, namely SDGs 3 “Good health and well-being”,  

4 “Quality Education”, 9 “Industry, innovation and infrastructure”. At the same time, analysing 

relationship with remaining 14 SDGs will still be the task for subsequent research. 

SDG 3 “Good health and well-being” 

To test the correlation with SDG 3 “Good health and well-being” such indicator as “Smoking 

prevalence” (Table 4), related to this aspect of sustainable development, was taken. This indicator 

measures the share of the population aged 15 years and over who report that they currently smoke 

boxed cigarettes, cigars, cigarillos, or a pipe. The data are collected through a Eurobarometer survey 

and are based on self-reports during face-to-face interviews in people’s homes (Eurostat, 2022b). 

 

Table 4. Smoking Prevalence and EEPSE GEI of the EU Countries, 2020 

№ Country name EEPSE GEI, 

descending 

EEPSE GEI 

simplified 

Smoking prevalence, 

2020 

1 Sweden 58,97 51,44 0,07 

2 United Kingdom 58,14 50,89 0,12 

3 Denmark 57,75 51,30 0,16 

4 Germany 56,42 51,01 0,23 

5 Finland 56,02 51,28 0,15 

6 France 54,69 50,60 0,28 

7 Netherlands 54,38 51,06 0,12 

8 Austria 52,22 50,86 0,25 

9 Luxembourg 52,14 50,69 0,23 

10 Spain 51,37 50,10 0,24 

11 Estonia 51,07 50,05 0,18 

12 Italy 50,82 49,79 0,23 

13 Belgium 50,55 50,34 0,21 

14 Ireland 50,08 50,47 0,53 

15 Slovenia 48,59 49,93 0,18 

16 Portugal 48,47 49,99 0,27 

17 Latvia 48,29 49,51 0,21 

18 Lithuania 47,82 49,40 0,32 

19 Greece 47,6 49,34 0,28 

20 Czech Republic 47,13 49,62 0,42 
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21 Slovakia 45,95 49,21 0,30 

22 Croatia 45,53 48,89 0,25 

23 Malta 45,46 49,35 0,36 

24 Romania 45,25 48,96 0,20 

25 Hungary 44,94 49,08 0,30 

26 Cyprus 43,5 49,34 0,28 

27 Bulgaria 43,46 48,54 0,28 

28 Poland 43,21 48,97 0,38 

Source: the author’s calculations in SPSS according to statistical data plus Eurostat (2021) 
 

To find out if there is correlation between the EEPSE Green Economy Index and smoking prevalence in 

the EU countries, Pearson correlation analysis was performed. Its results can be found below (Table 5): 

 

Table 5. The Correlation Coefficients of EEPSE Green Economy Index and Smoking Prevalence in the EU Countries 

 EEPSE GEI/simplified Smoking prevalence 

EEPSE Green 

Economy Index/ 

simplified 

Pearson Correlation 1 -,708/-,766** 

Sig. (2-tailed)  ,000 

N 28 28 

Smoking prevalence Pearson Correlation -,708/-,766** 1 

Sig. (2-tailed) ,000  

N 288 28 

Source: the author’s calculations in SPSS according to statistical data 
Note: Hereinafter **. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). 

 

 

Such negative correlation of smoking prevalence in the EU (part of SDG 3 “Good health and well-being”) 

with EEPSE Green Economy Index and its simplified version (-0,708 and -0,766 respectively) with a very 

high statistical significance (p-value 0.000) can be characterized as very strong according to the classification 

by Political Science Department at Quinnipiac University (Akoglu, 2018). 

SDG 4 “Quality Education” 

To test the correlation of the EEPSE Green Economy Index with progress towards another sustainable 

development goal, namely SDG 4 “Quality Education”, in the European countries such indicator as “Share  

of individuals having at least basic digital skills” (Table 6) was chosen.  

  

Table 6. Share of Individuals Having at Least Basic Digital Skills and EEPSE GEI of the EU Countries, 2019 

№ Country name EEPSE GEI, 

descending 

 

EEPSE GEI 

simplified 

Share of individuals 

having at least basic 

digital skills, 2019 

1 Sweden 58,97 51,44 0,72 

2 United Kingdom 58,14 50,89 0,74 

3 Denmark 57,75 51,30 0,7 

4 Germany 56,42 51,01 0,7 

5 Finland 56,02 51,28 0,76 

6 France 54,69 50,60 0,57 

7 Netherlands 54,38 51,06 0,79 

8 Austria 52,22 50,86 0,66 

9 Luxembourg 52,14 50,69 0,65 
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10 Spain 51,37 50,10 0,57 

11 Estonia 51,07 50,05 0,62 

12 Italy 50,82 49,79 0,42 

13 Belgium 50,55 50,34 0,61 

14 Ireland 50,08 50,47 0,53 

15 Slovenia 48,59 49,93 0,55 

16 Portugal 48,47 49,99 0,52 

17 Latvia 48,29 49,51 0,43 

18 Lithuania 47,82 49,40 0,56 

19 Greece 47,6 49,34 0,51 

20 Czech Republic 47,13 49,62 0,62 

21 Slovakia 45,95 49,21 0,54 

22 Croatia 45,53 48,89 0,53 

23 Malta 45,46 49,35 0,56 

24 Romania 45,25 48,96 0,31 

25 Hungary 44,94 49,08 0,49 

26 Cyprus 43,5 49,34 0,45 

27 Bulgaria 43,46 48,54 0,29 

28 Poland 43,21 48,97 0,44 

Source: the author’s calculations in SPSS according to statistical data plus Eurostat (2021) 

 

This indicator measures the share of people aged 16 to 74 having at least basic digital skills. The data for 

this indicator came from the EU survey on information and communication technologies usage in households 

and by individuals (Eurostat, 2022c).  

From the table above it can already be seen those countries with higher EEPSE Green Economy Index 

tend to demonstrate higher share of individuals having at least basic digital skills. This hypothesis was 

checked with SPSS software and the results can be found at Table 7. 

 

Table 7. The Correlation Coefficients of EEPSE Green Economy Index and Share of Individuals Having at Least 

Basic Digital Skills 

 
EEPSE GEI/simplified 

Share of individuals having at least 

basic digital skills, 2019 

EEPSE Green 

Economy 

Index/simplified 

Pearson Correlation 1 ,802**/,850** 

Sig. (2-tailed)  ,000 

N 28 28 

Share of individuals 

having at lease basic 

digital skills, 2019 

Pearson Correlation ,802**/,850** 1 

Sig. (2-tailed) ,000  

N 28 28 

Source: the author’s calculations in SPSS according to statistical data 
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Again, strong correlation with EEPSE Green Economy Index, as well as its simplified version  

(0,802 and 0,850 respectively with a very high statistical significance, p-value 0.000) was demonstrated. 

Such correlation can be characterized as very strong (Akoglu, 2018). 

SDG 9 “Industry, innovation and infrastructure” 

Finally, the correlation between EEPSE Green Economy Index and progress towards SDG 9 “Industry, 

innovation and infrastructure” was tested. Monitoring SDG 9 in an EU context focuses on progress made 

in strengthening R&D and innovation and in promoting sustainable transport (Eurostat, 2022a).  

The focus was placed on electric cars because traditionally they are seen as one of pillars for transition 

towards green economy (IAE, 2021). It was determined to take the indicator of plug-in electric car market 

share in European countries in 2020. This year was remarkable since the average market share of new 

passenger plug-in electric cars in Europe more than tripled in this period to 11.4% (from less than 3.6%  

in 2019). Specialists name two reasons for that – unprecedented increase of plug-in vehicle sales,  

and decrease of conventional internal combustion engine car sales (Kane, 2021).  

Data on such indicator were available for almost all EU27 + UK countries, except for Malta and Bulgaria 

(see Table 8): 

Table 8. Plug-in Electric Car Share of Market and EEPSE GEI of the EU Countries in 2020 

№ Country name EEPSE GEI, 

descending 

 

EEPSE GEI 

simplified 

Passenger plug-in 

electric car market 

share, 2020 

1 Sweden 58,97 51,44 0,322 

2 United Kingdom 58,14 50,89 0,107 

3 Denmark 57,75 51,30 0,164 

4 Germany 56,42 51,01 0,135 

5 Finland 56,02 51,28 0,181 

6 France 54,69 50,60 0,113 

7 Netherlands 54,38 51,06 0,249 

8 Austria 52,22 50,86 0,095 

9 Luxembourg 52,14 50,69 0,114 

10 Spain 51,37 50,10 0,048 

11 Estonia 51,07 50,05 0,023 

12 Italy 50,82 49,79 0,043 

13 Belgium 50,55 50,34 0,107 

14 Ireland 50,08 50,47 0,074 

15 Slovenia 48,59 49,93 0,031 

16 Portugal 48,47 49,99 0,135 

17 Latvia 48,29 49,51 0,028 

18 Lithuania 47,82 49,40 0,011 

19 Greece 47,6 49,34 0,026 

20 Czech Republic 47,13 49,62 0,026 

21 Slovakia 45,95 49,21 0,019 

22 Croatia 45,53 48,89 0,019 
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23 Malta 45,46 49,35 n/a 

24 Romania 45,25 48,96 0,022 

25 Hungary 44,94 49,08 0,047 

26 Cyprus 43,5 49,34 0,004 

27 Bulgaria 43,46 48,54 n/a 

28 Poland 43,21 48,97 0,019 

Source: the author’s calculations in SPSS according to statistical data plus Kane (2021) 

 

From the list above it can already be observed that electric cars were sold better in countries with high 

EEPSE Green Economy Index. This hypothesis was tested with SPSS software (see Table 9): 

Table 9. Correlation of ECV Market Share in European Countries with EEPSE GEI and Its Components 

 EEPSE 

GEI/ 

simplified 

Education Economy Politics Society Natural 

environment 

ECV market  

share 

Pearson 

Correlation 

,790** / 

0,835** 
,565** ,716** ,796** ,672** ,412* 

Sig. (2-tailed) ,000 ,003 ,000 ,000 ,000 ,036 

N 26 26 26 26 26 26 

Source: the author’s calculations in SPSS according to statistical data 

 

As it can be seen from the chart above, the correlation between EEPSE Green Economy Index/its 

simplified version and plug-in electric car market share in the EU countries in 2020 was 0,790/0,835 

respectively with a very high statistical significance (p-value 0.000), which can be characterized as very 

strong (Akoglu, 2018).  

At the same time it is interesting that the strongest correlation was found with the sphere of politics 

(0,796), not economy (0,716). These results underline the fact that electric car sales can hardly be described 

as purely economic factor, since electrification of transport is quite a complicated phenomenon. Electric 

vehicles remain expensive as compared to conventional analogues. Thus, to boost their popularity political 

support is needed – in the form of discounts, cheap credits, subsidised green bonds, that are purchased by 

the state to make them more liquid, road and parking privileges etc. Relevant infrastructure, including 

charging stations, should be created. Such tasks lay also within the sphere of political system.  

The above-mentioned resulted also highlights the assumption that making electric cars is political-

economic problem Hancké & Mathei (2020). 

To sum up, applying the proposed EEPSE Green Economy Index indicated that Sweden was the country 

with the highest score. Finland, Denmark and the Netherlands were also among the leaders. In this respect 

the results are very close to those obtained by Kazstelan (2018). Relatively low profile of some countries, 

including Poland, Bulgaria, Cyprus, Hungary and Romania, was also confirmed by several other studies 

(Spaini et al., 2018; Kazstelan, 2018). At the same time there were differences in positions of other 
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countries, which can be attributed to different time periods and methodology, since Kasztelan (2018) used 

OECD methodology (2017) which ignored the area of education, while the present paper assigned an 

important role to it. The same stands for eco-innovation index (Spaini et al., 2018), consisting of 16 

indicators, which placed less emphasis on environmental and political issues and more on economy. 

Key challenges of the indicator approach, which also included data availability, right balance between 

different indicator selection criteria, systemic understanding of the relationships between indicators,  

and the variable usage contexts of the indicators, could also lead to different results. 

In the division into two clusters, the main differences within the present research were observed in the 

sphere of education, followed by politics, society, economy and environment, respectively. The present 

study also identified opportunities for improvement for all countries in five subsystems, which can support 

decision-making on strategy and prioritisation of actions. It is particularly important, because the EEPSE 

Green Economy Index provides a set of indicators with quality, accessible and timely data from official 

sources, which can reduce uncertainty in decision-making. Moreover, the Index was linked to the SDGs, 

which makes it suitable for understanding the main drivers for sustainable development. 

At the same time it is clear that the analysis of relationship with all SDGs (17) should become the subject 

of subsequent research, since the present article disclosed correlation with only three of them. 

 

CONCLUSIONS 

The EEPSE Green Economy Index, developed by researchers from Daugavpils University (Lavrinenko et al., 

2019; Rybalkin et al., 2021) and presented within this paper proved usable for dealing with green economy 

analysis, assessing different countries’ performance on this track. Moreover, by linking the Index to certain 

SDGs (particularly, SDGs 3 “Good health and well-being”, 4 “Quality education”, 9 “Industry, innovation  

and infrastructure”), the research contributed to deepening the debate on green economy in the context  

of sustainable development. 

The literature review identified certain gaps in the construction of existing green economy indexes. For this 

reason, the study proposed to include all five subsystems related to green economy into the analysis, i.e., 

education, economy, politics, society and environment, and assign 10 indicators to measure performance  

in each of the subsystems, to respond to the identified gaps. 

As a theoretical contribution, the research advanced the frontier of knowledge by reducing the identified 

gap, and at the same time, contributed to sustainable development and green economy analysis with the 

proposed Index. As a practical contribution, the applied study offers governments, society, academia,  

and business a tool to measure a country’s performance, identify week points and promote systematic vision 

to achieve SDGs. 

Therefore, the present paper is novel and can be useful for various stakeholders. The study also opens 

up new research opportunities in terms of further applicability of the EEPSE Green Economy Index towards 

sustainable development issues not only in the EU countries, but also globally. 
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Appendix 

Indicators used for each of the subsystems of the Quintuple Helix: 

 

Subsystem 1. Education: 

S_1_1 Research institutions prominence 0–100 (best) (Global competitiveness report (further – GCR) 2019); 

S_1_2 Scientific publications score (GCR, 2019); 

S_1_3 Gross expenditure on R&D, % of GDP (Global Innovation Index, 2020); 

S_1_4 Total number of documents in Scopus, Environmental science, cumulative, 1996 – 2019 (SJR — SCImago, 2021); 

S_1_5 Citable documents, 1996 – 2019 (SJR — SCImago, 2021); 

S_1_6 Citations (SJR — SCImago, 2021); 

S_1_7 Self-citations (SJR — SCImago, 2021); 

S_1_8 Citations per document (SJR — SCImago, 2021); 

S_1_9 h-index, (SJR — SCImago, 2021); 

S_1_10 Patents by origin/bn PPP$ GDP (Global Innovation Index Report, 2020); 

 

Subsystem 2. Economic aspects: 

S_2_1 GDP per unit of energy use (Global Innovation Index Report, 2020); 

S_2_2 ISO 14001 environmental certificates per bn PPP$ GDP (Global Innovation Index Report, 2020); 

S_2_3 Resource efficiency index (The global sustainable competitiveness index, 2020);  

S_2_4 Greenhouse gas emissions score (Climate Change Performance Index, 2021); 

S_2_5 Share of renewable energy in gross final energy consumption by sector, % (Eurostat, 2019) 

S_2_6 The global sustainable competitiveness index (2020); 

S_2_7 Circular material use rate, % of material input for domestic use (Eurostat, 2019); 

S_2_8 Efficiency sectors (Global Competitiveness Report, 2019); 

S_2_9 Growth of innovative companies 1–7 (best) (Global Competitiveness Report, 2019); 

S_2_10 Energy transition index (Energy transition index 2020 by World Economic Forum); 

 

Subsystem 3. Political system: 

S_3_1 Stringency of environmental regulations, index (Travel and Tourism Competitiveness Report, 2019); 

S_3_2 Enforcement of environmental regulations, index (Travel and Tourism Competitiveness Report, 2019); 
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S_3_3 Environment-related treaties in force count (out of 29 possible) (Global Competitiveness Report, 2019); 

 S_3_4 Climate policy, index – covers both national and international climate policy performance (Climate change 

performance index, 2021);  

S_3_5 Climate Change Performance Index (Climate change performance index, 2021); 

S_3_6 Environmental performance, index (Global Innovation Index, 2020); 

S_3_7 Environmental tax revenues, % of GDP (Eurostat, 2018); 

S_3_8 Intellectual property protection 1–7 (best) (Global Competitiveness Report, 2019); 

S_3_9 Population covered by the Covenant of Mayors for Climate & Energy signatories – percentage of total population 

(Eurostat, 2019, for the UK – 2018); 

S_3_10 Renewable energy regulation 0–100 (best) (Global Competitiveness Report, 2019). 

 

Subsystem 4. Civil society: 

S_4_1 Attitude of European citizens towards the environment – percentage of population who consider environmental 

issues to be important (Eurobarometer, 2017); 

S_4_2 World Press Freedom Index (Reporters without borders, 2020)*; 

S_4_3 Democracy index (The Economist Intelligence Unit, 2020); 

S_4_4 Civil liberties (The Economist Intelligence Unit, 2020); 

S_4_5 Social Capital Index (The global sustainable competitiveness index, 2020); 

S_4_6 Incidence of corruption 0–100 (best), (Global Competitiveness Report 2019); 

S_4_7 Internet users % of adult population, (Global Competitiveness Report, 2019). 

S_4_8 People at risk of poverty or social exclusion, Eurostat (2019), except for Ireland, Italy, the UK (2018); 

S_4_9 Share of busses and trains in total passenger transport, % of total inland passenger-km (Eurostat, 2018); 

S_4_10 Females employed with advanced degrees, % (Global Innovation Index, 2020). 

 

Subsystem 5. Natural environment: 

S_5_1 Environmental performance index (Environmental performance index report, 2020); 

S_5_2 Air quality (Environmental performance index report, 2020); 

S_5_3 Water resources (Environmental performance index report, 2020); 

S_5_4 Biodiversity and habitat (Environmental performance index report, 2020); 

S_5_5 Forest cover change, % (The Travel & Tourism Competitiveness Report, 2019)*; 

S_5_6 Wastewater treatment, % of total (The Travel & Tourism Competitiveness Report, 2019); 

S_5_7 Total protected areas, % of territory (The Travel & Tourism Competitiveness Report, 2019); 

S_5_8 Natural capital (The Global Sustainable Competitiveness Index, 2020); 

S_5_9 Ecological sustainability, index (Global Innovation Index Report, 2020); 

S_5_10 Agriculture (Environmental performance index report, 2020); 

* a negative indicator (inverse relationship with sustainable development). 
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 ABSTRACT 

 
The following article focuses on the uncertainties and economic adjustment policies in the EU. The author explores the 

balance between uncertainty and speed of economic adjustment policies as well as practical factors that influence 

political stability in the EU. Certain factors, such as unemployment, the level of tax, growth in incomes and inflation are 

examined as being essential for the provision of economic stability within the EU. Special attention is paid to the ongoing 

sanctions introduced against Russia due to its aggression in Ukraine, which can be labelled as “economic war”. It is 

argued that the ensued refugee crisis may also largely affect economic stability of the EU countries as well as the whole 

architecture of European security. Moreover, Russia’s behavior in the EU neighborhood has manifested that political 

stability is of crucial importance for the economy of the EU members since instability in a neighboring country, for 

example in Ukraine is apt to provoke repercussions for the EU as a whole. It is stated that the effective economic 

development and political stability, being the main objectives of the European Union, can be achieved only if the EU 

politicians thoroughly consider the factors hindering the development of EU member states in terms of legislation, 

security policy, welfare and economic determinants. 
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INTRODUCTION 

In Europe, the political behaviour of well-organized societies has an impact on the well-being of the whole 

region, which is why it is necessary for authoritative bodies, like the European Council, to impose certain rules 

and obligations in social, economic, political, legal and security spheres on each EU member country. Although 

political behaviour in European countries is primarily formed in response to the socio-economic and political 

issues particular to each given country, positive political behaviour in the whole European Union can be 

achieved only if the collective efforts of all national governments are applied. The recent financial and 
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economic crisis affecting all EU Member States has proved that the issue of political stabilization as the key 

condition of EU integration is very topical, with most EU Member States showing readiness to compromise 

and implement more effective economic adjustment measures in their countries to provide for overall political 

stability in the European region. 

On the other hand, political stability is not only ensured by adequate policies and reforms in the political or 

social sphere, the economic factors (such as, unemployment, fiscal policy, growth in incomes and inflation) 

are equally important. 

Political stabilization is a long-term commitment to the specific region  both in terms of political effort, 

financial and human resources. The centerpiece of the stabilization process is the conclusion of the agreement 

which represents a far-reaching contractual relationship between the politicians and society. Such “agreement” 

can have high political value since it is based on the gradual implementation of reforms designed to achieve 

the aim of moving closer to the high social standards (Abuseridze, 2020). Given this context, it is essential to 

clarify which are the economic factors that tend to influence stability in the European Union. To this end, the 

authors will analyze economic adjustment policies and other principal issues. 

Balance between Uncertainty and Speed of Economic Adjustment Policies 

All economic policies are undertaken in an environment of uncertainty. Hence, the balance-of-payments 

stabilization programs appear to involve relatively serious risks. For instance, the typical LDC (the Least 

Developed Countries) economy is vulnerable to many different shocks: weather affects the production of crops 

or food export, or unforeseeable variations in the international terms of trade can be quite violent. Other 

international factors can also be important: for example, the floating interest rate that determines debt service 

on much of previously contracted debt which may rise unexpectedly A recession or change in immigration 

policy abroad can also upset the calculations of labour-exporting countries (Bienen & Gersovitz, 1985). 

On the one hand, there are analysts who believe that rapid action will be economically successful. If the 

credibility of the authorities’ commitment to reform is not established quickly, individuals and firms may 

hesitate to respond by, for instance, increasing exports.  

They will fear that promises may not be kept or that partially implemented policies may even be reversed, 

thereby rendering their actions unprofitable. Furthermore, some policies must be implemented without warning 

in order to avoid costly speculation. If a large devaluation is anticipated, attempts to shift out the domestic 

currency will result either in a large loss of foreign-exchange reserves or in the need to impose extensive 

restrictions.  

On the other hand, the need to act in an uncertain environment with imperfect knowledge about economic 

structure suggests the desirability of proceeding slowly, in case if the availability of foreign exchange and 

other constraints make this strategy possible. An important point is that by providing loans during the 

adjustment process, the IMF programs lessen economic risks. From the economic point of view, there are 

important arguments for rapid implementation, especially with regard to devaluation.  
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The case for quick adjustment is the strongest when the information about the structure of the economy is 

reliable and wage and price rigidities are not important. However, primarily political considerations are also 

relevant to decisions about the speed of adjustment. 

The early success or failure of policies implemented after agreements by the IMF itself affects stability or 

instability. Thus, many factors affect stability within countries. Some of these factors are external to a country’s 

internal politics: the weather, for example, or changes in the price of commodities. Usually, external factors 

interact in complicated ways with domestic social and political structures to produce shifts in power 

relationships between groups. To conclude, it is important to highlight the role of political choice in producing 

the resource course, underscoring the importance of what might be called structured contingency in mediating 

the relationship between resources and political and economic outcomes. 

Economic Factors Contributing to Political Stability 

Political stability based on the sound economic development of its Member States is regarded to be the main 

goal of the European Union (Parton, 2011). The EU appears to be an ideal arena for an experiment in how 

organizations facilitate cooperation across diverse, self-interested, and competing rational actors. When nation-

states accede to regional organizations, they aim to extract particular political and economic benefits through 

regional cooperation with their neighbors. However, in order to support their own aims of extracting benefits 

from a regional organization, it is essential to secure collective support for the mechanisms that enable regional 

organizations to effectively create the desired conditions. At the minimal level, regional organizations should 

be governed by the established norms and rules underlying the interactions between nation-states, in order to 

enhance predictability, trust, and cooperation.  

As according to Heyneman, when regional organizations wish to govern the relations between the 

governments of nation-states, they influence regional cooperation through “the acceptance of institutional rules 

that pertain across organizations within the same category of purpose” (Heyneman & Brent, 2011). 

This enables cooperation through the adherence to accepted institutional rules that engender trust among 

national actors, and regional organizations thereby have the ability to effectively contribute to social cohesion 

in a region. In turn, a region marked by high levels of social cohesion both within and across member states is 

likely to experience better developmental possibilities that accompany political stability and sound economic 

relationships with neighbors. 

According to the author political stability is largely influenced by a number of economic factors: 

 

1. Unemployment  

High unemployment threatens social stability in any nation. In fragile countries, which are too weakened 

by violent conflict to guarantee citizens the rule of law, security and welfare, unemployment aggravates all 

other problems (Schultze, 2011). The proportion of individuals who have continuously been unemployed for 

a long period of time (12 months and longer) attracts particular attention from labor market policy makers and 
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researchers in all countries and political blocks, including the EU. Recent research has shown that gender, age, 

marital status, region, previous work experience and, to lesser extent, education are the main predictors of 

long-term unemployment (Alhawarin & Kreishan, 2010). The issue of political stability becomes even more 

problematic in countries with high unemployment rate where a large number of young people are unemployed 

(Schultze, 2011). 

European countries, in particular, have long been discussing the need to reform and reduce government’s 

labor market regulation. However, while rationale for government intervention in the labor market is linked to 

the need to correct market imperfections, it is still not clear why government regulation in the labor market is 

so pervasive and why reforms are so difficult to implement. In particular, these authors argue that because 

labor market policies require time to be designed and implemented, weak and unstable government (i.e. the 

one without the political power to sustain the reform process and unsure to be in office in the next period) will 

find it optimal to limit policy discretion of future governments by regulating the labor market. They have 

developed a model in which government intervention in the labor market (i.e. its policy stance) is linked to the 

structure of the political process and its stability (i.e. ability to be re-elected), and in this model political 

instability is the main driver of government labor market policy stance. Importantly, these authors have proven 

that in countries where the political process is less stable and more fragmented, there is stronger government 

intervention in the labor market and unemployment is, on average, higher (Lucifora, C., and Moriconi, S., 

2008).   

Unemployment has always been at the centre of the socio-economic policy in the EU because it is one of 

the most disturbing problems hindering the labor market and the macroeconomic performance and the 

individual well-being, which altogether influences the level of political stability in the region. It is obvious that 

an increasing level of unemployment aggravates inequality, poverty and crime issues that always undermine 

political stability (Hooghe et al., 2011). According to Eurostat, in 2021, Euro area unemployment rate was 

estimated 7,2%, while unemployment rate in all 27 EU Member States reached 9.5% (Eurostat, 2021).  

However, Lagana highlights that, alongside the risk of unemployment, the EU labour market is highly 

susceptible to the entrapment of its increasingly mobile workforce in unskilled occupations (Lagana, 2011). In 

addition, recent research findings show that the penalization of immigrants is lower in countries where the 

quality of labour demand is poorer, unemployment benefits are less generous, the employment protection 

legislation is stricter and the proportion of refugees is lower (Fullin, 2011).  

Therefore, taking into consideration that EU immigrants come from various countries (both inside and 

outside the Union), it is essential to provide for better incorporation of immigrants in the EU labor market 

because political stability in the region requires that the level of unemployment be moderate. 

 

2. The Level of Tax (Fiscal Policy) 
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The use of discretionary fiscal policy as a counter-cyclical tool has declined in popularity over the last 30 

years (Wren-L, Steven, 2000). Both a small calibrated model and a larger econometric model suggest that the 

intertemporal consumer should smooth away most of the impact of temporary tax changes, even when 

additional discounting and credit constraints are allowed. However, this analysis suggests a more powerful 

role for other forms of fiscal policy, such as government objections to the use of discretionary fiscal 

stabilization policy, as well as makes a tentative suggestion as to how these might be overcome. 

A fiscal policy refers to the choice of tax rates, and of the level and composition of government spending, 

whereas a tax reform relates to the broad design of a tax system that determines the available tax bases and the 

technology for collecting taxes (Cukierman, 1998). A tax reform that changes the tax system will, typically 

take time and resources, since it requires investment in the acquisition of information and in infrastructure. 

Meanwhile, a fiscal policy, on the other hand, can be implemented more swiftly (Rogers, 1998). Thus, at any 

given moment in time, the existing tax system acts as a constraint on the fiscal policy of the current 

government. This suggests that tax reforms should also be determined by strategic considerations: a tax system 

is designed by taking into account how it will constrain the fiscal policies of future governments (Hinrichs, 

1996). 

Tax reforms are also determined by strategic considerations: a tax system is designed by taking into account 

how it will constrain the fiscal policies of future governments. The central idea of this section is that, if there 

is political instability and political polarization, these strategic considerations may induce the current 

government to leave an inefficient tax system to its successors. The author suggests that the interdependence 

of a fiscal policy and of the level of political stability could be expressed by the following assumption: the 

higher the level of tax - the lower the interest of investors - the higher unemployment - the higher political 

unrest among society - the lower political stability. 

 

3. Growth in Incomes 

 

To begin with, it is worth mentioning that the question of the effect of income and the income distribution on 

the political system is complicated by the two-way character of the causal path. This is the so-called “path” 

connects incomes with politics. If, for example, there is great inequality of income in a democracy, the median 

voter will have an increased incentive to support heavily progressive taxes. It will be so since the opportunities 

for redistribution from the wealthy to the non-wealthy will be great. The more equal the distribution of income 

is, the less the median voter will have to gain from such taxes because the less income the wealthy will have 

to be taxed away. There is some evidence, that incomes are more equal in democratic than in non-democratic 

nations (where “democracy” is defined not just formally, but in terms of actual behavior such as voter turnout) 

as a result of the political system. 
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It should be admitted that successful democracies are widely held to be liberal states (Posner, 1997). It is 

so because pure, direct, plebiscitary democracy, democracy with no legal or institutional checks on majority 

rule, is bound to unraveling into dictatorship. For instance, John Stuart Mill considered the modem welfare 

state to be more democratic and less liberal, in other words, optimal. Such a kind of state typically allows for 

considerable occupational freedom and almost completes personal freedom. It also implies recognition and 

protection of property rights, although less than laissez-faire liberals would like. The net effect of these liberties 

on the income distribution cannot be predicted but they certainly complicate democratic efforts to bring about 

equality of incomes through taxation and other forced measures. 

According to Kuznets, economic development involves a shift of labor from a traditional agricultural sector 

to a modern industrial sector. Higher productivity in the modern sector allows employers to attract workers 

from the traditional sector by offering higher wages (Posner, 1997). A less equal distribution of income is 

likely to be the result of such shortsighted actions on the part of employers. Inequality will decline and more 

effective redistribution of income from rich to poor will take place after the low-wage traditional sector shrinks 

and democratic institutions are founded. In this case, domestic political instability will display the following 

features (Campos & Gassebner, 2011): 

Domestic political instability will be the main cause of international terrorism because terrorism is more 

likely to stem from politically unstable countries. 

Severe political instability (for example, civil wars) allows terrorists to acquire specific skills that would be 

difficult to acquire under less drastic forms of domestic political instability (such as antigovernment 

demonstrations). 

After 1989, domestic political instability tends not to decrease over time. 

Finally, if the severity of terror attacks is likely to increase over time even if the number of attacks does not 

change.  

It has to be pointed out that political stability largely depends on economic aspects. Therefore, trade is an 

important indicator for both political and economic stability. When trade decreases, it does not only imply that 

there is a lack of production but also shows that there is a lack of political stability. Trade can also be seen as 

an indicator of how effectively a state deals with its neighbors (Goldsmith, 1987). 

The effects of political instability on economic growth are measured with variables which have been 

established in the theoretical literature mentioned in this paper. Among those are ethnic and religious 

diversities in countries. A society which is separated into ethnic or religious groups is unsteady, and this 

imbalance and instability is often caused by both ethnic and religious discrepancies. However, taking into 

account the long-term co-existence of different ethnic groups in European states, it can be stated that Western 

Europe manages to provide for political stability regardless of the ethnic and religious diversity of its 

population, which, yet, can be attributed to the relatively high economic development of Western European 

countries.  
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4. Inflation 

Based on the results of their analysis of the interrelationship of inflation and political stability, Aisen and Veiga 

prove that political instability leads to higher inflation, while higher degrees of economic freedom and 

democracy are associated with lower inflation (Aisen, Veiga, Francisco, 2005). It has been established that 

institutions such as economic freedom and democracy are important determinants of inflation. In addition, it 

has been proven that the impact of political instability on inflation is much stronger for high-inflation than for 

moderate- and low-inflation countries, and it is also higher for developing countries than for industrial 

countries. 

Indeed, political stability and economic stability, achieved by the strict control over inflation, have always 

reinforced each other. High inflation can have deep undesired social and political consequences. In fact, severe 

inflation can be more disruptive than a recession because it literally destroys people’s earnings and savings, 

which, in turn, can result in drastic political dramas (e.g. coups, suspension of democracy or overthrow of 

power) (Zakaria, 2009). That is why central banks undertake any possible measures to suppress hyperinflation: 

political stability in a region can be ensured only if economic processes follow positive scenarios.  

As it can be seen, economic growth, based on moderate level of unemployment, adequate fiscal policy, 

controlled inflation and increasing growth of incomes, is one of the most important conditions that facilitate 

political stability. It has to be added that, in accordance with the neoclassical growth model, the growth rate 

tends to be negatively related to the absolute level of per capita GDP, owing to diminishing returns to capital 

(Solow, 1956). Numerous empirical findings have found support for this argument. In this study, the real GDP 

per capita in 1960 is used as an indicator of initial economic development, which is expected to have a negative 

effect on growth. Yet, it is also human capital accumulation that is regarded as another important factor for 

economic growth by some scholars (Trostel, 2000).  

 

5. Russian factor as the source of economic war and refugee crisis   

 

Russia’s invasion of Ukraine has shaken up the world, and EU most importantly. This war will fundamentally 

transform security system in Europe and beyond. European Union and the United States have launched an 

"economic war" against Russia, that have effectively cut off the country from international financial markets. 

However, the sanctions are hurting a vast number of countries, which rely heavily on wheat, natural gas and 

other goods from the parties at war. Many of the effects, including higher gas, electricity and food prices, have 

either already set in or could hit soon. Undoubtedly, this will have its due effect on political as well as economic 

stability of the countries, and for the most part on the EU space. The scope of instability is yet to come. 

However, the EU countries are already making huge steps to completely diversify their import and export 

markets and upgrade the renewable energy technologies.  
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Concurrently, this war has produced a huge amount of displaced Ukrainians who have fled mainly in the 

EU countries. Despite the openness of different countries, it will be quite difficult for Europe to accept such a 

large number of migrants in the short term.  

According to the authors, countries that host the displaced people for protracted periods may experience 

long-term economic, social, environmental, and political and security impacts. The economic impacts of their 

presence may include uncompensated public expenditure, burden on the economic infrastructure, etc. 

While the impacts of the presence of the displaced persons on neighbouring countries are complex and 

context-specific, they may also be positive, like stimulated local economies through increasing the size of local 

markets, reduction of commodity prices, new skilled work-force, etc. The positive contributions that the 

numbers of the displaced people can make to the economy of host countries should be viewed in terms of 

winners and losers among both “guests” and host populations. 

Another group relocating to other countries, including to Europe, may be the Russian citizens fleeing Russia 

either in protest of the Russian aggressive policy or just to evade worsened lifestyle in the sanctioned Russia. 

It is crucial, that the host countries stay on the alert to identify the saboteurs trying to infiltrate into the country. 

The authors believe that with the good coordination, it will be possible to minimize the risks, stop the 

slowdown of economic growth and thus secure stability both political and economic. 

CONCLUSION  

Based on the above analysis it can be concluded that the main factors contributing to political stability are as 

follow: 

1. Implementation of reforms that ensure continuous economic growth, a high standard of living, a 

comprehensive system of social security and overall political accountability;  

2. Promotion of foreign policy that aims to protect the viability of the European social and economic 

model from the pressures of globalization and wars as well as to support a full-fledged creation of the 

European area of freedom, justice and security. 

Meanwhile, the following factors can be regarded as politically destabilising: 

1. Ineffective labor market policies;  

2. Slowing down economic growth;  

3. Worsening of macroeconomic environment; 

4. War and migration crisis.  

It is clear, that against the background of existing geopolitical challenges, and primarily the Russian 

invasion of Ukraine will generate economic challenges triggering destabilization in the EU and far beyond. It 

has already caused economic war in the form of anti-Russian sanctions and triggered waves of migrants to EU 

Member States which might struggle to cope with such a migration wave. 

https://doi.org/10.46656/access.2022.3.2(4)
https://journal.access-bg.org/


 

 

ACCESS Journal:  

Access to Science, Business, Innovation in Digital Economy 

ISSN 2683-1007 (Online) 

2022, 3(2), 136-146, https://doi.org/10.46656/access.2022.3.2(4)  https://journal.access-bg.org/ 
 

144 
 

To deal with the ensuing challenges, and provide political stability in the short and long-term perspective, 

the authors recommend to: 

1. Improve macroeconomic situation to ensure lower level of unemployment, balanced level of tax and 

sustenance of low level of inflation; 

2. Develop and implement more effective migration policies to prevent labour market destabilization 

from a large influx of migrants; 

3. Devise foreign policies which will pursue not only national interests but will imply coordination with 

peaceful, democratic states in the region;  

4. Cut off dependence on Russian fossil fuels and develop renewable energies; 

5. Diversify and develop alternative markets. 
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ABSTRACT 

 

The intensive development of world economic ties remains an integral part of the modern world economy. Foreign trade 

activities are becoming a major factor in economic development, manifested in the growth of international trade, the 

liberalization of trade relations and the active participation of countries in the processes of international economic 

integration. In these circumstances, it is particularly important to carry out qualitative systemic studies designed to 

analyze the current state, trends and structural changes of national economies under the influence of foreign trade. Such 

studies require objective statistics and methodological support. The purpose of the paper is to analyze the benefits of the 

trade cooperation between Ukraine and Middle East and North African (MENA) countries and to determine the 

possibilities of the use of results in a development of fundamentals of Ukrainian trade policy. The approaches of 

international organizations to the classification of MENA countries considering the characteristics of the region driven 

by historical, political and cultural factors are investigated. The comparison analysis of indicators reflecting the foreign 

trade policy and countries' attitudes towards improving export support in Ukraine and MENA countries is made. The 

trade complementarity index was calculated for the period 2013 – 2020 in order to determine sectoral priorities for 

foreign trade cooperation between countries. 
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INTRODUCTION 
 

The current state of the world economy development is characterized by an increase in production and trade 

activities, expansion of economic ties between different countries, deepening the processes of specialization 

and production cooperation within the international division of labour. In such circumstances, international 

economic relations have become a key factor in the successful development of national economies, which in 

turn have become increasingly integrated into the system of world economic relations. It involves using skills 

with economic tools to advance a country's economic, trade and strategic goals. Hence, economic relations are 

a tool (economic strategy) for improving economic standards, stimulating trade, and supporting domestic 

companies (Abuseridze et al., 2022). In this regard, countries as Ukraine, seeking a competitive advantage in 
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the international arena cannot ignore the possibilities of economic cooperation and pursue a closed foreign 

economic policy. 

An important stage of improvement of institutional support of Ukrainian foreign trade is the conduct of 

preliminary strategic analysis and diagnostics of development of each market, which involves the study of 

factors of internal and external environment. It should be noted that this analysis should be based on the 

characteristics of the macroeconomic, political, legal, socio-cultural and technological environment in each 

country of a given region. The lack of regulation and foreign policy strategy to build economic relations with 

the countries of the Middle East and Africa to some extent reduces the competitiveness of Ukrainian goods 

and services in the markets of the above-mentioned countries. The scientific objective is to formulate and 

calculate trade promotion approaches and related economic proposals for cooperation among countries; which 

is followed by the implementation of the instruments of liberalism in the context of the intensification of the 

processes of globalization and integration. 

 

LITERATURE REVIEW  
 

Economic efficiency is considered in different directions and levels - country, company, specific activity, 

experts link efficiency with macroeconomic indicators (Radukanov, 2021).  

An analysis of the evolution of international trade theory suggests that the main trade theories reflect a 

different understanding of the key prerequisites, factors and consequences of the international exchange of 

goods and services, which have developed through the development of trade relations between countries. The 

historical transformation and complexity of foreign trade transactions have been linked to the processes of 

international integration, regionalization and globalization. As a result of these processes, modern foreign trade 

has become more than a single trade transaction, but rather a large-scale and long-term trade and economic 

cooperation, which has developed into international trade and has a significant impact on the development of 

national economies. 

The traditional separation of types of foreign trade policies with the corresponding scientific and practical 

justification for liberal and protectionist in recent years has undergone a significant scientific rethinking and 

adjustment (Kormych, 2016; Wen Chin, 2017, Regine, 2012; Panchenko & Reznikova, 2016; Matyushenko et 

al, 2020, Matyushenko et al, 2021; Sushchenko, 2015; Komarova et al, 2021; Korneeva, 2015). 

The positive and negative aspects of bilateral and multilateral international economic cooperation were 

developed at the scientific works of Lester, Mercurio & Bartels (2016); Chaikovska (2015), Amadeo (2017). 

The theoretical basis of bilateral cooperation assessment between countries for comparative analysis 

through calculation of Trade Complementarity Index and further development of strategic documents and tools 

received attention in the papers of Mikic & Gilbert (2007) and Vlasenko (2019). However, the formulation 

and calculation of trade promotion approaches and related economic proposals for cooperation among 

countries will be essential for further research. 
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The purpose of the paper is to analyze the benefits of the trade cooperation between Ukraine and MENA 

countries and to determine the possibilities of the use of results in a development of fundamentals of Ukrainian 

trade policy. 

 

RESULTS AND DISCUSSION 
 

The strategic confrontation of the main trading nations is increasingly leading to decentralized processes in 

international economic relations in circumstances of the transformational changes intensified by the global 

pandemic that began in late 2019 and Russian invasion of Ukraine started in February 2022. 

The restrictive measures, adopted in response to the pandemic, have stimulated a reduction in the number 

of interactions and have resulted in significant economic costs in the current and future periods. With this in 

mind, governments and non-governmental organizations should continue to support liquidity of economic 

agents to ensure a gradual economic recovery while stabilizing the macroeconomic situation. This opens up 

the possibility of developing trade relations not only with established partners but also with new countries. 

In this context, the further development of institutional framework for foreign trade, represented by a 

system of interacting governmental and non-governmental institutions, is a priority of economic policy in most 

countries of the world. 

The list of traditional and well-established areas of trade cooperation of national foreign economic activities 

requires considerable revision. It can be complemented by growing markets in the Middle East and Africa. 

It is worth investigating the approaches of international organizations to the classification of Middle East 

and North African (MENA) countries considering the characteristics of the region driven by historical, political 

and cultural factors (Table 1.) 

 

Table 1. Classification of the Middle East and North Africa countries 

№ Organization Number of 

countries 

Countries 

1 Organization of economic 

cooperation and 

development (OECD) 

20 Algeria, Bahrain, Djibouti, Egypt, Iraq, Jordan, Kuwait, Lebanon, Libya, 

Mauritania, Morocco, Oman, the Palestinian Authority, Qatar, Saudi Arabia, 

Syria, Tunisia, the United Arab Emirates and Yemen. 

2 World Bank 20 Algeria, Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, 

Libya, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, the United 

Arab Emirates, the West Bank and the Gaza Strip, and Yemen. 

3 United Nations 

Organization (UN) 

19 Algeria, Bahrain, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, 

Morocco, Oman, the Palestinian Authority, Qatar, Saudi Arabia, Syria, 

Tunisia, the United Arab Emirates and Yemen. 

4 European Union (EU) 21 Algeria, Bahrain, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, 

Morocco, Oman, the Palestinian Authority, Qatar, Saudi Arabia, Syria, 

Sudan, Tunisia, Turkey, the United Arab Emirates and Yemen. 

5 World Economic Forum 

(WEF) 

20 Algeria, Bahrain, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, 

Morocco, Oman, Qatar, Saudi Arabia, Syria, Sudan, Tunisia, Turkey, the 

United Arab Emirates and Yemen. 

Source: created by the author on the basis of information provided by international institutions 
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A ssignificant treaty framework for cooperation between Ukraine and the countries of the region has already 

been developed, and cooperation has intensified in recent years, with the revitalization of the diversified 

foreign policy strategy implementation.  

It should be noted that the MENA region is one of the most restrictive ones in shaping and implementing 

its own foreign trade policies, despite the positive rate of trade, economic and diplomatic cooperation with 

Ukraine (Elloumi, 2021). It should also be added that trade policy consists of tariff and non-tariff barriers, high 

transport costs, logistical imbalances, institutional barriers and cultural specificities. 

Trade Facilitation Perfomance index, created by the OECD, made it possible to compare indicators 

reflecting the foreign trade policy and countries' attitudes towards improving export support in Ukraine and 

MENA countries (table 2). 

 

Table 2. Comparison of the trade facilitation index of Ukraine and MENA countries (2019) 

Country Trade Facilitation 

Index 

A B C D E F G H I J K 

UAE 1,34 1,52 1,57 0,86 1,22 1,77 1,63 1,83 1,48 1,00 0,90 1,00 

Algeria 0,83 1,10 0,71 1,25 1,56 1,25 0,33 0,60 0,70 0,80 0,36 0,43 

Bahrein 1,01 1,14 0,43 0,00 1,33 1,46 1,00 1,10 1,24 1,00 1,09 1,33 

Djibouti 0,35 0,42 0,00 0,57 0,25 0,83 0,75 0,11 0,73 0,09 0,00 0,13 

Egypt 1,19 1,29 1,75 0,00 1,56 1,62 1,13 0,60 1,35 0,90 1,18 1,78 

Jordan 1,02 0,90 1,29 2,00 1,67 1,15 0,75 0,60 1,27 0,67 0,73 0,25 

Kuwait 0,95 1,05 0,86 1,60 1,11 1,39 0,88 0,60 1,00 0,67 0,46 0,89 

Lebanon 0,91 0,90 1,14 0,57 0,89 1,33 0,88 1,11 1,00 0,60 0,46 1,11 

Mauritius 1,62 1,76 1,50 1,36 1,77 1,71 1,78 1,85 1,68 1,27 1,27 1,89 

Oman 1,73 1,81 1,75 1,57 1,64 1,92 1,78 2,00 1,74 1,55 1,36 1,89 

Qatar 1,29 1,15 1,57 2,00 1,44 1,85 1,75 0,90 1,28 0,73 0,64 0,89 

Saudi 

Arabia 1,47 1,43 1,63 1,67 1,33 1,85 1,56 1,62 1,60 0,91 0,91 1,67 

Tunisia 1,26 1,05 1,29 1,43 1,33 1,62 1,63 1,40 1,15 0,73 1,00 1,22 

Yemen 0,23 0,33 0,00 0,00 0,38 0,42 0,43 0,11 0,52 0,18 0,10 0,00 

Ukraine 1,05 1,05 1,67 1,00 1,63 1,58 0,78 0,67 0,80 0,50 0,64 1,22 

Source: created by the author on the basis of OECD data  

 

Indicator values are measured from 0 (lowest) to 2 (highest) according methodology for calculating. Among 

countries in the Middle East and North Africa, the best performances are as follows: Oman -1.73 (highest value 

of sub-index K - 1.89 - governance and impartiality based on an analysis of customs structure and functions; 

accountability; ethical policy); UAE - 1.34 (The highest value of sub-index G is 1.83 - automation based on 

the analysis of electronic data interchange; use of automated risk management; automated border procedures; 

electronic payments. Other countries in the region exhibit less flexible foreign trade policies and access to 

national markets is rather bureaucratic, with regional averages for 2019 presented in figure 1. 

 

https://doi.org/10.46656/access.2022.3.2(5)
https://journal.access-bg.org/


 

ACCESS Journal:  

Access to Science, Business, Innovation in Digital Economy 

ISSN 2683-1007 (Online) 

2022, 3(2), 147-158, https://doi.org/10.46656/access.2022.3.2(5)            https://journal.access-bg.org/ 

 

151 

 

 
Figure 1.  The trade facilitation index for the Middle East and North Africa (2019) 

Source: created by the author on the basis of OECD data 

 

With regard to Ukraine’s indicators, we have shown some progress in the changes in established 

approaches, and available data show a positive outcome of these reforms (fig. 2) 

 

 
Figure 2. Comparison of the trade facilitation index for Ukraine (2017-2019) 

Source: created by the author on the basis of OECD data 

 

The indicator for Ukraine is closer to the optimum in the next sub-indices: involvement of the trade 

community, appeal procedures. Also, changes in foreign trade regulation led to improved performance in 

automation of border processes, streamlining of procedures from 2017 to 2019. Performance in other areas 
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remains stable, except for simplification and harmonization of documents, where some ground has been lost 

compared to other selected economies. 

Distinct trajectories of trade links development between Ukraine and MENA were shaped by particular 

country’s specifics of economic and social processes. 

A comparative analysis of trade interactions with each of these countries is required in order to identify 

prospects and strategic priorities for developing relations with these countries. 

The level of bilateral trade relations development could be determined, inter alia, by indicators of trade 

intensity. Indices and coefficients are measures of current trade flows and patterns. The calculated indices can 

be used not only for the primary analysis of trade relations, but also for decision-making on a country’s trade 

policy. The indicators also make it possible to determine whether cooperation is desirable in the most 

promising areas. 

An analysis of the mutual trade volume between Ukraine and the MENA countries from 2000 to 2020 is 

indicating an increase in its share (fig.3). 

 

 

Figure 3. Dynamics of the share of mutual trade between Ukraine and the MENA countries, % 

Source: created by the author on the basis of State Statistics Service of Ukraine 

 

An analysis of the share of Ukraine’s mutual trade with the countries of the region leads to the conclusion 

that the largest trading partners as of 2020 are Egypt, Israel and Iraq (fig. 4). Among other countries, Egypt’s 

share of trade is 23 %, although Ukraine’s trade with Egypt accounts for 1.7 % of the total. 

It should be noted that Egypt, Kuwait and Israel were the main trading partners of the region from 2002. 

Between 2002 and 2020, countries volumes varied significantly, with the largest shares among the countries 

of the region in 2016. 

An analysis of the trade balance between these countries is important, and the calculations show a positive 

development in trade relations, as exports from Ukraine exceed imports from most countries (table 3) 

Ukraine’s trade balance is negative in general. 
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Figure 4. Dynamics of the shares of trade between the Middle East and North America with Ukraine, %* 
Source: created by the author on the basis of State Statistics Service of Ukraine 

 

 

Table 3. Ukraine's trade balance with the Middle East and North Africa, thousands USD 

 

Countries / years 2000 2005 2010 2015 2020 

Algeria 136325,4 613315,1 154473,1 188550,8 350097,1 

Bahrain 0,0 5857,2 2186,7 664,4 7809,1 

Djibouti 0,0 10687,9 10238,5 59773,4 21908,0 

Egypt 0,0 765435,3 1243811,1 2024171,4 1536850,1 

Yemen 0,0 28246,4 0,0 14689,0 172486,4 

Jordan 36828,4 171296,2 497872,9 131056,4 174930,0 

Israel 43933,0 227744,3 376107,9 427121,2 392480,4 

Iraq 0,0 83104,2 344538,5 472495,4 597331,2 

Iran 30015,6 558823,5 980833,6 503053,9 210627,1 

Qatar 798,9 12850,3 10274,7 7637,7 124067,5 

Kuwait 0,0 16026,5 22402,2 6870,1 35485,2 

Lebanon 86236,3 100548,2 1029083,5 298824,7 323007,4 

Libya 0,0 62814,9 201128,5 182646,8 285862,4 

Morocco 0,0 123331,8 94305,5 184020,9 281029,1 

UAE 0,0 335310,5 226391,2 244159,7 378151,8 

Oman 33028,3 47444,8 15245,9 22075,6 62755,7 

Palestine 0,0 0,0 1467,1 13667,2 26299,2 

Saudi Arabia 27732,6 383444,4 607189,8 616602,8 617139,8 
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Syria 0,0 648437,4 602247,0 128042,4 -6143,6 

Tunisia 22747,5 186359,4 228376,3 325026,0 401899,3 

Source: created by the author on the basis of State Statistics Service of Ukraine 

 

The largest quantitative excess of Ukrainian exports over imports in 2020 was observed in trade with Egypt, 

Israel, Saudi Arabia and Tunisia. 

Thus, there is considerable potential for strategic development of trade relations between Ukraine and the 

countries of the Middle East and North Africa. The driving force for the transformation of foreign policy and 

trade relations between the countries is the established benchmark, enshrined in the Export Strategy of Ukraine 

(2017), in the large-scale increase of presence in external markets or diversification of export flows. 

The Trade Complementarity Index (TCI) is an indicator to assess the prospects of bilateral trade cooperation 

between partner countries. This index shows the comparison of exports and imports of partner countries. In 

practice, the complementarity index shows whether the goods exported by one country will be in demand at 

the market of the partner country and vice versa, that is, how their trade potential will complement each other 

and how mutually beneficial their cooperation will be. The trade complementarity index is calculated using 

the formula (Mikic & Gilbert (2007): 

 

𝑇𝐶𝐼𝑗𝑠 =  [1 − (∑ |
𝑚𝑖𝑗

𝑀𝑗
−

𝑥𝑖𝑠

𝑋𝑠
| ÷ 2)] × 100   (1) 

 

Where: s – country-exporter; j – country-importer; і – Type of goods (industries); xi – the volume of exports 

of the i-th product (industry); mi – the volume of imports of the i-th product (industry); M – total imports; X – 

total exports. 

TCI can take values from 0 to 100 depending on the degree of complementarity of the specific import 

profile with the export profile of the potential trading partner. In case TCI equals 100, the export and import 

of two partner countries has full compliance (favorable trading conditions). Otherwise (when the index is 0), 

countries do not have the conditions to engage in mutually beneficial bilateral trade of any kind. Monitoring 

the evolution of the complementarity index helps to determine whether trade profiles of countries are becoming 

more or less compatible. 

A number of limitations on the application of the index should be noted, in particular that it does not take 

into account the distance between countries, differences in the size of national economies, and the share and 

quality of high-technology products (Vlasenko, 2019). 

A complementarity index was calculated for the period 2013 – 2020 in order to determine sectoral priorities 

for foreign trade cooperation between countries, It compares the export and import structures of Ukraine and 

partner countries and reflects the import profile of one country’s export profile with that of another. In the 

context of interaction between countries, this means complementarity of structures of foreign trade 
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cooperation, that is, whether goods produced by a certain country are purchased by its partners and vice versa. 

The systemic analysis of complementarity between bilateral relations between countries uses the analysis of 

two levels of complementarity - macro and macro. The macro-level is the level of foreign trade 

complementarity, that is, the level at which the goods of different branches of the economy, included in the 

foreign trade of partner countries, are complementary. Micro-level includes complementarity at the level of 

individual enterprises and companies. In the context of our research, it is macro-level, that is, foreign trade 

complementarity will be considered. 

It is also worth noting that there are limitations in this index: distance between countries is not measured, 

differences in the size of savings are not taken into account, and the index does not take into account the 

quality, type and share of high-tech goods. In view of the heterogeneity of export and import flows between 

the countries, five major trading partners in the region were identified on the basis of the data assessed, namely 

Egypt, Tunisia, the United Arab Emirates, the Kingdom of Saudi Arabia and Israel. 

Therefore, calculations were made to determine the degree of similarity in the commodity structure of 

Ukrainian exports and the commodity structure of imports of trading partners. Measurements were made on 

the basis of 20 HS product groups for two labels for selected countries. 

The main commodity groups exported to the countries of the region are: cereals, ferrous metals, animal or 

vegetable fats and oils; their breakdown products; processed food fats; animal or vegetable waxes, tobacco and 

industrial tobacco substitutes; oilseeds and fruits; other seeds, fruits and grains; technical or medicinal plants; 

straw and forage (table 4). 

 
Table 4. Complementarity Index for Mutual Trade between Ukraine and Selected Countries of the Middle East and 

North Africa (2013-2020) 

Countries/years 2013 2014 2015 2016 2017 2018 2019 2020 

Egypt 77,15 72,00 54,21 52,03 72,04 81,25 69,29 70,10 

Saudi Arabia 95,06 93,78 92,17 85,53 89,12 86,72 87,00 76,34 

UAE 90,55 89,37 88,18 85,16 84,43 83,39 74,32 73,78 

Tunisia 83,22 77,61 79,28 83,03 80,22 75,75 71,19 63,08 

Israel 66,90 70,90 62,59 66,44 59,94 67,82 59,46 60,54 

Source: created by the author on the basis of ITC data  

 

 
The decline in the complementarity of mutual trade is linked to the long-term lack of strategic priorities in 

the region, imposed on temporary changes in the face of pandemic constraints. Countries are not making full 

use of existing capacities and consequently require adjustments in foreign trade policy and the establishment 

of existing support mechanisms for national exporters. 

Thus, there is considerable potential for strategic development of trade relations between Ukraine and the 

countries of the Middle East and North Africa. The stimulating factor for the transformation of foreign policy 

and trade relations between the countries is the formed benchmark, enshrined in the Export Strategy of Ukraine 
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(2017), in the large-scale growth of presence in foreign markets or diversification of export flows. The 

calculated complementarity index showed a downward trend with selected countries (Egypt is an exception), 

that is, a decrease in the complementarity of trade flows. The commodity nature of Ukraine’s exports does not 

tend to shift to technology-intensive products, but there are sufficient directions for trading partners to increase 

volumes, including through joint investment projects (Korolchuk et al., 2020). 

 

CONCLUSION 
 

Thus, the growth of the influence of foreign economic processes on the potential of economic development 

increases the expediency of developing targeted strategies for the development of economic and trade 

cooperation with regions that are growth points. The regulatory lack and the absence of a foreign policy 

strategy for building economic relations with the countries of the Middle East and Africa to some extent 

reduces the competitiveness of Ukrainian goods and services in the markets of the above-mentioned countries. 

The scientific challenge is to formulate and calculate trade-promoting approaches and related proposals. 

Economic cooperation among countries, followed by the implementation of liberalism policy instruments in 

the context of the intensification of globalization and integration processes. What requires further consideration 

of the methodological approaches to the valuation of trade cooperation.  

The calculation of Trade Complementarity Index for mutual Trade between Ukraine and selected 

countries helped to define the potential and weaknesses for further changes in trade policy. According authors 

opinion, transformation process for rebuilding the basis of trade and economic cooperation between countries 

with considering current political situation and logistic difficulties will lead to positive outcomes for all 

involved sides. 
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ABSTRACT: 

 

In their history, many countries of the world had to go through a stage of stagnation. Thus, the UK faced this problem 

in the 1960s–1970s, the USA in 1970–1982, and in Russia this stage began in 2013 and continues to this day. The 

factor that makes it difficult to get out of it is the presence of underdeveloped regions within this country, i.e. the une-

venness of its spatial development. This factor, in turn, may be due to some other negative circumstances. The present 

study is aimed at establishing the key of these circumstances and at developing possible ways to level it. 

Methods: study of the hypotheses presented in the scientific literature and their verification using regression analysis.  

Results: it has been established that a number of threats to the economic security of Russia, which includes the une-

venness of its spatial development, is a connected chain, the initial link of which is a significant level of the shadow 

economy, amounting to more than 30% of GDP, due to the high scale of corruption.  

Conclusions: the main tool to combat the shadow economy in Russia, necessary to ensure its economic security, is the 

improvement of anti-corruption policy, the main goal of which should be to increase the CPI to 70-85 points. With 

such a scale of corruption, the level of the shadow economy in the country under study will drop to about 12% of 

GDP, as a result of which its GRP per capita will be more than 70 thousand US dollars in 2010 prices, i.e. exceed that 

of many economically developed countries. 
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INTRODUCTION   

In the Russian Federation, Presidential Decree No. 208 of May 13, 2017 adopted the Strategy for the Eco-

nomic Security of the Russian Federation for the period until 2030 (Decree No. 208 of May 13, 2017, 2017) 

which provides a detailed list of adverse factors and trends that impede the implementation of Russia's stra-

tegic national priorities, one of which is economic growth.  

Their negative and visible impact on this parameter is evidenced by the fact that in the first half of the re-

cent decade, its economy entered a stage of stagnation, from which it has not yet been able to get out. This 
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indicates the priority for the Russian authorities to take all possible measures aimed at eliminating these fac-

tors and trends, indicating the relevance of this study. 

The problem of Russia's economic growth and its economic security regularly falls under the close atten-

tion of many researchers. Thus, members of the Russian Academy of Sciences A. G. Aganbegyan 

(Aganbegyan, 2012) and V. V. Ivanter (Ivanter, 2018) made a significant contribution to its study. In addi-

tion to them, K. N. Yusupov, Yu. S. Toktamysheva, A. V. Yangirov, R. R. Akhunov (Yusupov et al., 2019), 

Ya. V. Murashov, T. A. Ratnikova (Murashov & Ratnikova, 2017), O. M. Lizina, T. E. Badokina (Lizina & 

Badokina, 2020), A. F. Mukhametov (Mukhametov, 2019), and many other economists. However, despite 

the rather deep elaboration of this problem, today in the specialized literature there is still no clear answer to 

the question of which of the 25 threats to Russia's economic security listed in this doctrine causes the greatest 

damage to the state of its economy. The search for this answer, as well as the development of recommenda-

tions for eliminating this threat, is the purpose of this study, to achieve which it is necessary to consider all 

these factors and trends, establish the presence of any relationships between them and determine the parame-

ters that are closely related to the presence of such a threat and with its scale. 

 

METHODOLOGY 

Under the gross world product, it is customary to understand the total value of all final goods and services 

produced on planet Earth during one year, i.e. the sum of the GDP of all countries in the world. Considering 

the contribution of certain states to the volume of this product, we can conclude that it is traditionally de-

scribed by the so-called modified Pareto law: 20% of countries produce about 75% of this volume, and the 

remaining 80% - about ¼ of it. The first group includes prosperous European countries, as well as Canada, 

the USA, Israel, Cyprus, Hong Kong, Singapore, Taiwan, South Korea, Japan, Australia and New Zealand. 

All of them, according to the Ghanaian diplomat, Nobel Peace Prize winner Kofi Annan, allow all their citi-

zens to live freely and safely in a safe environment, i.e. are economically developed. The second group is 

represented by countries whose economy, due to certain factors, is characterized as developing, i.e. is at the 

stage of economic development. These countries can be found in almost all regions of the world and their 

common feature is the desire to complete this stage, and therefore, to add to the list of states of the first 

group. The stable positive dynamics of such a macroeconomic indicator as the volume of GDP per capita 

acts as an indicator reflecting the successful course of the process of solving this problem (Larin & Tarunina, 

2015, pp. 3, 17). This indicator, in turn, is closely dependent on the volume of real GDP, expressed in bil-

lions of US dollars in 2010 prices. According to the conclusions of doctors of economic sciences, K. N. 

Yusupov, A. V. Yangirov and R. R. Akhunov and Candidate of Economic Sciences, Yu. S. Toktamysheva, 

the annual growth rate of the latter, which is understood as the rate of economic growth, should, in order to 

ensure an acceptable dynamic of the first of these parameters, be at least 3-4% (Yusupov et al., 2019, p. 152). 

Looking at the economic growth rates of the developing countries of the world over the past three dec-

ades, it is easy to see that among them there are countries that often do not cope with their task. One of them 

https://doi.org/10.46656/access.2022.3.2(6)
https://journal.access-bg.org/


 

ACCESS Journal:  

Access to Science, Business, Innovation in Digital Economy 

ISSN 2683-1007 (Online) 

2022, 3(2), 159-176, https://doi.org/10.46656/access.2022.3.2(6)        https://journal.access-bg.org/ 
 

161 

is Russia, which has the widest resource potential. Information about the pace at which its economy grew 

during the specified time interval is presented in Figure 1. 

 

 
Figure 1. Economic growth of Russia in 1991 – 2020 

Source: Created by author (Business and economic data for 200 countries. URL: https://ru.theglobaleconomy.com/)  

 

Figure 1 clearly shows that, having overcome the deep crisis of the 1990s, the Russian economy over 10 

years (1999–2008 inclusive) grew at a rapid pace, often exceeding the threshold mark by more than 2 times. 

These years can be safely called the only golden time in the recent economic history of Russia, since after 

their end it has never achieved such success. As for 2010-2012, during this period, despite the acceptable 

growth rates of real GDP, various unfavorable factors were already observed in the Russian economy. Acad-

emician A. G. Aganbegyan includes in their list lower investment volumes compared to the level of 2008, 

the scale of housing construction and indicators of the commissioning of residential buildings, the volume of 

production of machinery and equipment, real budget revenues adjusted for the inflation index, as well as the 

emergence of a budget deficit (Aganbegyan, 2012, pp. 10-11). In addition, Figure 1 shows that over the spec-

ified period of time, these rates tended to decrease - at the end of 2011 they did not reach the level reached a 

year earlier, a year later they turned out to be even weaker, and already in 2013, the economy of the studied 

countries entered the stage of stagnation, in which it is today. At the same time, a Russian scientist, V.V. 

Ivanter, who is a member of the Russian Academy of Sciences, back in 2018 announced the presence of a 

number of positive factors in it that could push it forward. This is a small amount of public debt compared to 

many other countries, quite autonomous in relation to the dynamics of energy prices, the ruble, the growth in 

the profitability of oil and gas exports, etc. (Ivanter, 2018, p. 25). However, such factors, as Figure 1 shows, 

do not realize their potential. This state of affairs is explained by Newton's third law, which states that "the 

force of action is equal to the force of reaction." These counteracting circumstances are the realities observed 
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both in Russia and around the world, which represent a threat to the economic security of the country under 

study. These include: 

 the fact that the developed countries of the world have a goal to use their advantages as an instru-

ment of global competition; 

 strengthening of structural imbalances in the global economy and financial system, growth in the 

volume of private and sovereign debt, as well as the difference between the valuation of real assets 

and derivative securities; 

 adoption by foreign countries of measures of a discriminatory nature in relation to key sectors of the 

Russian economy, restriction of access to foreign financial resources and modern technologies; 

 deterioration of the conflict situation in the zones of Russia's economic interests and near its borders; 

 increased instability of world commodity and financial markets; 

 change in the structure of consumption of energy resources and world demand for them, technologi-

cal backwardness of Russia from foreign countries; 

 the formation, without the participation of Russia, of interstate economic associations that carry out 

activities in the field of regulating trade, economic and financial and investment relations (the Trans-

Pacific Partnership can be cited as an example) (Perskaya, 2016), which can harm its national inter-

ests; 

 the exposure of the Russian financial system to global risks, as well as the weak security of the in-

formation infrastructure of the financial and banking system from various information threats; 

 scientific and technological changes, as a result of which there is a sharp decrease in the role of tradi-

tional factors for ensuring economic growth, and the exhaustion of the raw material export model of 

economic development; 

 the absence of Russian non-commodity companies among the global leaders of the world economy; 

 an unfavorable investment climate, which, together with high business costs, excessive administra-

tive barriers and inefficient protection of property rights, has a negative impact on the volume of in-

vestments in the real sector of the economy; 

 low innovative activity, a significant lag behind developed countries in the development and imple-

mentation of new and promising technologies, in particular, digital economy technologies, a relative-

ly low level of qualification and key competencies of Russian specialists; 

 depletion of existing mineral deposits, which results in the depletion of the resource base of the fuel 

and raw materials sectors of the economy; 

 low competitiveness of non-commodity exports, which negatively affects its scale, which also turns 

out to be limited under the influence of an underdeveloped market infrastructure and the country's 

weak involvement in the global "chains" of value added; 

 limited access to long-term financial resources; 
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 poor development of transport and energy infrastructure; 

 imbalance of the budget system; 

 relatively low efficiency of public administration; 

 significant scale of the shadow economy, including a high level of criminalization and corruption in 

the economic sphere; 

 a significant difference in income levels between representatives of the poorest and richest segments 

of the population, which tends to grow, one of the reasons for which are the disproportions in the ter-

ritorial development of Russia; 

 decline in the quality of human potential associated with a decrease in the quality and accessibility of 

medicine and education; 

 unfavorable migration situation, expressed in the outflow of highly qualified personnel, as well as 

young scientists and promising students to Germany, the USA and other developed countries, and 

the influx of migrants from neighboring countries who do not have education and the proper level of 

professional training; 

 shortage of labor resources; 

 excessive requirements in the field of environmental safety and the growth of costs for ensuring en-

vironmental standards of production and consumption. 

A successful fight against the listed factors and trends is a necessary and sufficient condition for ensuring 

the required growth rates of the Russian economy. The methods of such struggle, the use of which is likely to 

lead to significant results, will be discussed below. 

 

RESULTS AND DISCUSSION 

Studying the specialized literature on threats to the economic security of Russia, it is easy to see that many 

authors are of the opinion that one of the most dangerous threats that cause very serious damage to its eco-

nomic development is a significant level of the shadow economy. To confirm this hypothesis, a regression 

analysis of the dependence of the volume of GDP per capita of the country under study on the scale of the 

shadow sector observed in it will help. The initial information necessary for the implementation of such a 

procedure is presented in Table 1. 

 

Table 1. The level of the shadow economy in Russia and the volume of its GDP per capita in 1991 - 2015 

Year 
Shadow economy level, 

% of GDR 

GDR per capita, USD in 

2010 prices 
Year 

Shadow economy level, 

% of GDR 

GDR per capita, 

USD in 2010 prices 

1991 39,73 9061,76 2004 37,68 8360,25 

1992 31,49 7737,48 2005 36,41 8929,30 

1993 41,53 7070,54 2006 35,47 9693,20 

1994 45,04 6183,90 2007 34,59 10535,13 

1995 45,65 5928,96 2008 32,60 11087,82 

1996 46,83 5714,63 2009 36,79 10219,89 

1997 48,73 5804,21 2010 33,70 10675,00 

1998 47,72 5505,70 2011 32,03 11125,34 

https://doi.org/10.46656/access.2022.3.2(6)
https://journal.access-bg.org/


 

ACCESS Journal:  

Access to Science, Business, Innovation in Digital Economy 

ISSN 2683-1007 (Online) 

2022, 3(2), 159-176, https://doi.org/10.46656/access.2022.3.2(6)        https://journal.access-bg.org/ 
 

164 

1999 42,05 5876,20 2012 31,88 11553,58 

2000 41,91 6491,07 2013 32,21 11731,38 

2001 40,81 6851,11 2014 31,04 11608,76 

2002 40,78 7206,19 2015 33,72 11355,24 

2003 40,08 7767,41    

Source: Created by author (Medina, Schneider, 2018, pp. 66, 74; Business and economic data for 200 countries. URL: 

https://ru.theglobaleconomy.com/) 
 
Note: Information on the level of the shadow economy in Russia for 2016 and subsequent years is not presented in the source  

 
An important point that should be paid attention to when visually examining Table 1 is the fact that, fol-

lowing the results of 1992, when the level of the shadow economy in Russia dropped to a mark that was rec-

ord low until 2014, its GDP per capita population also turned out to be relatively low, since the economic 

reforms carried out during this year had a decisive influence on its behavior. Having removed the specified 

time point from the presented interval, you can start processing the data shown in the table (Figure 2). 

 

 
 Figure 2. The scale of the shadow economy in Russia and the volume of its GDP per capita: a scatterplot and a graph 

of the regression equation 

 

Figure 2 clearly illustrates the existence of a high dependence of the level of Russia's economic develop-

ment on the scale of the shadow economy observed in it. This dependence has a power form and is described 

by the following regression equation: 

y = 7670820.6871x-1,8727,                                                                                                                        (1) 

where y is the volume of GDP per capita, US dollars in 2010 prices; x is the level of the shadow econo-

my, % of GDP. 

According to the point of view of Ya. V. Murashov and T. A. Ratnikova, the safe scale of the shadow 

economy, in which the corresponding country can be developed, should be considered the scale that does not 

exceed 12% of GDP (Murashov & Ratnikova, 2017, p. 30). Table 2, compiled using equation (1), provides 

information on what would be the volume of Russian GDP per capita with the specified scale of the shadow 

sector. 
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Table 2. The volume of GDP per capita in Russia with a safe scale of the shadow economy. 

Significance level  
GDR per capita, USD in 2010 prices 

MIN MAX 

0,10 71826,18 74363,32 

0,05 71623,72 74565,78 

0,01 71187,00 75002,50 

Source: Own calculations 
 

Table 2 quite clearly reflects the damage caused to the economic development of Russia by the threat to 

its economic security that I consider. After all, the volume of GDP per capita, which it would have achieved 

with the safe scale of this phenomenon, exceeds that of Germany, Canada, the Netherlands, France and a 

number of other prosperous countries. 

This state of affairs is explained by the fact that a significant level of the shadow economy in Russia gives 

rise to another threat to its economic security, namely, an unfavorable investment climate (Lizina & Badoki-

na, 2020, p. 156; Burov & Kisloshaev, 2017, p. 105), singled out by some economists, for example, M. S. 

Oreshkin as a key one (Oreshkin, 2018, p. 18). The correctness of this opinion is evidenced by its consisten-

cy with the opinions of many great scientists, for example, J. M. Keynes (Keynes, 1936), R. Harrod (Harrod, 

1937), E. Domar (Domar, 1947) and others, and the fact that this threat, in turn, is the cause of several nega-

tive features characteristic of Russia that have a similar status. First of all, it has a detrimental effect on inno-

vation activity, preventing Russian companies from investing in the creation of new knowledge (Teplykh & 

Galimardanov, 2017, pp. 104-105), a statement about the importance of which for economic growth was 

made by J. Schumpeter in 1934 (Schumpeter, 1934). In addition, the characteristic of the investment climate 

inherent in the country under study does not allow the development of its transport and energy infrastructure 

and polarizes its constituent regions in terms of the level of socio-economic development. Indeed, individual 

administrative-territorial units, in particular, those where the scale of the shadow economy exceeds the all-

Russian indicator, require large-scale investment projects to strengthen their positions on the Russian eco-

nomic map. So, for example, the Kurgan region will remain the only disadvantaged region of the Ural Feder-

al District and the Ural economic region, if its agricultural potential is not fully realized, the Pskov region 

needs investments in improving infrastructure, the current state of which will largely neutralize the positive 

effects of its tourist attractiveness, the Republic Tuva needs the construction of a railway that will connect it 

with the Republic of Altai and thereby eliminate a serious flaw in its geographical position, the Udmurt Re-

public needs funds to build new and modernize existing treatment facilities, etc. 

The chain of related threats to Russia's economic security does not end here, since the last of the factors 

just considered, generated by an unfavorable investment climate, also causes other negative circumstances 

hindering the economic development of this country. In particular, it makes a significant contribution to the 

value of the Gini coefficient, which reflects the degree of differentiation of the population in terms of in-

come, and reduces the quality of human potential, damaging the quality and accessibility of education and 

medicine. The second circumstance takes place as a result of the fact that regions lagging behind in their so-

cio-economic development annually receive funds from the federal budget called subsidies for equalizing the 
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budgetary provision of territories, which could be directed to the development of these socially significant 

areas, and determines, to a certain extent, the existence of such a threat as an unfavorable migration situation. 

Indeed, one of the reasons for the departure of Russians to Germany, the United States and other developed 

countries is their characteristic higher quality than in Russia, education and health care. 

The entire described situation testifies to the importance for the Russian authorities of carrying out 

measures aimed at reducing the level of the shadow economy as much as possible. For a correct answer to 

the question of what kind of activities should be carried out, it is necessary to consider the definitions of the 

concept of "shadow economy", the authors of which are economists known throughout the world. For exam-

ple, the Peruvian scholar, E. de Soto, defined it as "the spontaneous and creative reaction of the people to the 

inability of the state to meet the basic needs of the impoverished masses" (de Soto, 1995, p. 14). The reason 

why the state is unable to meet the needs of the population, which negatively affects its well-being, is its high 

degree of corruption. Regression analysis of the dependence of the level of the shadow economy in a particu-

lar country on the scale of corruption observed in it, measured by a special indicator called the Corruption 

Perception Index (hereinafter - CPI), will allow us to construct an equation that describes such a dependence, 

on the basis of which it will be possible to determine, when on what scale of corruption, the level of the 

shadow economy in Russia will be safe. The initial data for this procedure are presented in Table 3. 

 

Table 3. The level of the shadow economy and the scale of corruption in some countries of the world in 2015 

Country 
Shadow economy level, % 

of GDR 

CPI, 

score 
Country 

Shadow economy level, % 

of GDR 

CPI, 

score 

Australia 8,10 79 Malawi 33,56 31 

Austria 9,01 76 Malaysia 26,07 50 

Albania 26,26 36 Mali 29,45 35 

Algeria 23,98 36 Morocco 27,13 36 

Argentina 24,99 32 Mexico 28,07 35 

Armenia 35,96 35 Mozambique 30,98 31 

Bahrain 16,63 51 Namibia 21,78 53 

Belarus 32,37 32 Nepal 30,22 27 

Bulgaria 20,83 41 Niger 34,12 34 

Bosnia and Herzegovina 29,88 38 Netherlands 7,83 87 

Burkina Faso 29,63 38 Nicaragua 39,51 27 

Burundi 35,68 21 New Zealand 8,97 88 

Butane 20,28 65 Norway 15,07 87 

United Kingdom 8,32 81 Oman 23,91 45 

Hungary 20,49 51 Pakistan 31,62 30 

Guyana 26,09 29 Papua New Guinea 35,16 25 

Guinea 41,58 25 Paraguay 31,66 27 

Guinea-Bissau 34,94 17 Poland 16,67 62 

Germany 7,75 81 Portugal 17,82 63 

Honduras 37,68 31 Republic of the Congo 35,05 23 

Hong Kong  12,39 75 Russia 33,72 29 

Greece 26,45 46 Romania 22,94 46 

Denmark 14,70 91 Saudi Arabia 14,70 52 

Dominican Republic 27,97 33 Singapore 9,20 85 

Egypt 33,32 36 Slovenia 20,21 60 

Zambia 32,99 38 Suriname 23,80 36 

Israel 19,18 61 USA 7,00 76 

Jordan 15,16 53 Sierra Leone 34,18 29 

Ireland 9,58 75 Tajikistan 37,73 26 
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Iceland 12,45 79 Tanzania 38,91 30 

Spain 22,01 58 Togo 31,49 32 

Italy 22,97 44 Trinidad and Tobago 31,40 39 

Kazakhstan 32,82 28 Tunisia 30,90 38 

Cambodia 33,85 21 Turkey 27,43 42 

Cameroon 28,93 27 Uganda 31,88 25 

Canada 9,42 83 Philippines 28,04 35 

Qatar 13,08 71 Finland 13,30 90 

Kenya 33,43 25 France 11,65 70 

Kyrgyzstan 30,78 28 Croatia 22,96 51 

Colombia 25,25 37 Chile 13,16 70 

Comoros 40,92 26 Switzerland 6,94 86 

Costa Rica 19,24 55 Sweden 11,74 89 

Kuwait 21,72 49 Ecuador 30,18 32 

Latvia 16,62 55 Eritrea 36,53 18 

Lebanon 29,16 28 Estonia 18,49 70 

Libya 38,27 16 Ethiopia 25,10 33 

Lithuania 18,65 61 South Africa 21,99 44 

Luxembourg 10,38 81 South Korea 19,83 56 

Mauritius 19,23 53 Jamaica 24,97 41 

Mauritania 25,75 31 Japan 8,19 75 

Source: Created by author (Medina, Schneider, 2018, pp. 69-76; Индекс восприятия коррупции 2015. URL: 
https://www.transparency.org/en/cpi/2015) 

 

Table 3 presents a large sample, which includes Russia and 99 other countries located in absolutely all re-

gions of the world. The results of the analytical procedures performed on the numerical data contained in the 

table are clearly shown in Figure 3. 

 

 
Figure 3. The scale of corruption and the level of the shadow economy: a scatter plot and a graph of the regression 

equation 

 

The regression equation describing the dependence of the level of the shadow economy in a particular 

country, mentioned in Table 3, on the scale of corruption observed in it, the graph of which is presented in 

Figure 3, is as follows: 
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y = 59.3165e-0,0211x,                                                                                                                                  (2)      

where y is the level of the shadow economy, % of GDP; x – CPI, score. 

 

Using equation (2), it is possible, with a high degree of probability, to determine at what value of CPI the 

level of the shadow economy in the corresponding country will be safe. The results of this procedure are pre-

sented in Table 4. 

 

Table 4. Potentially possible level of the shadow economy in the countries of the world 

CPI, 
score 

The level of the shadow economy at a given CPI 

value, % of GDP CPI, score 

The level of the shadow economy at a given CPI 
value, % of GDP 

MIN MAX MIN MAX 

50 
19,95* 21,37* 

75 
11,04* 13,36* 

19,85** 21,48** 10,86** 13,53** 
19,63*** 21,69*** 10,52*** 13,88*** 

55 
17,85* 19,34* 

80 
9,68* 12,27* 

17,74** 19,45** 9,49** 12,46** 
17,51*** 19,68*** 9,10*** 12,85*** 

60 
15,91* 17,55* 

81 
9,42* 12,07* 

15,79** 17,68** 9,22** 12,27** 
15,55*** 17,92*** 8,83*** 12,67*** 

65 
14,14* 15,98* 

82 
9,17* 11,88* 

14,01** 16,11** 8,97** 12,08** 
13,73*** 16,39*** 8,56*** 12,48*** 

70 
12,52* 14,58* 

83 
8,92* 11,69* 

12,37** 14,74** 8,72** 11,89** 
12,06*** 15,05*** 8,30*** 12,30*** 

71 
12,21* 14,33* 

84 
8,67* 11,50* 

12,06** 14,48** 8,47** 11,71** 
11,74*** 14,80*** 8,04*** 12,13*** 

72 
11,91* 14,08* 

85 
8,44* 11,32* 

11,75** 14,23** 8,22** 11,53** 
11,43*** 14,56*** 7,79*** 11,96*** 

Source: Own calculations 
 

Note: ***, **, * – significance at the level of 1%, 5% and 10%, respectively 
 

As Table 4 shows, in order for the level of the shadow economy in Russia to be safe, its CPI value must 

be at least 71 points. At the same time, as the ultimate goal of the Russian anti-corruption policy, it is neces-

sary to determine the increase in this value to at least 85 points, since only in this case it will be possible, 

with a 99% probability, even under unfavorable circumstances, to state that the scale of this phenomenon has 

not exceeded the threshold mark. 

Considering the results of the Russian anti-corruption policy pursued over the past two decades of the 

21st century, it is easy to see that the achievement of such a goal requires its radical transformation. In par-

ticular, it is necessary to eliminate the shortcomings in the activities of the Main Directorate for Economic 

Security and Anti-Corruption (hereinafter - GUEBiPK) of the Ministry of Internal Affairs of the Russian 

Federation and all departments and departments of economic security and anti-corruption (hereinafter - 

UEBiPK and OEBiPK, respectively) of the territorial bodies of the Ministry of Internal Affairs of the Rus-

sian Federation. First of all, it is necessary to expand the terms of reference of these power structures, bring-

ing them as close as possible to the powers of the Singapore Corruption Investigation Bureau, thanks to 
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which this state, being one of the most corrupt in the world back in 1965, today is at the opposite pole of the 

rating of countries in terms of CPI indicator. In addition, it is imperative to eliminate the key problem of 

these departments and departments, which is that their employees are prone to commit acts of corruption. To 

do this, taking into account the experience of Singapore, it is advisable to introduce collective responsibility 

for them, the essence of which is the dismissal of the entire team if at least one of its members uses their of-

ficial position for personal gain. Indeed, without its establishment, it is impossible to improve the ethical 

climate within these organs, which can currently be described as unhealthy (Mukhametov, 2019, p. 6). 

In addition to all the considered areas for improving the efficiency of the activities of the GUEBiPK of 

the Ministry of Internal Affairs of the Russian Federation and all UEBiPK and OEBiPK of the territorial 

bodies of the Ministry of Internal Affairs of the Russian Federation, for the maximum possible and relatively 

quick achievement of the goal mentioned above, simultaneously with their implementation, it is necessary to 

urgently and without fail take a number of other measures (table 5). 

 
Table 5. Possible ways to reduce corruption in Russia 

Way Explanation 

Amendments to the 

current version of the 

Criminal Code of the 

Russian Federation 

All crimes of a corruption nature, the list of which is presented in the appendix to the Directive of the Pros-

ecutor General's Office of Russia N 738/11, the Ministry of Internal Affairs of Russia N 3 of December 25, 

2020 "On the Enactment of Lists of Articles of the Criminal Code of the Russian Federation Used in the 

Formation of Statistical Reporting" should be punished by real imprisonment with a fine and with life im-

prisonment of the right to hold public office. At the same time, absolutely all persons guilty of committing 

these crimes, incl. and those that are currently inviolable. The effectiveness of such a measure is evidenced 

by the experience of Singapore, mentioned earlier on the positive side, and its absence is extremely notice-

able in China, where punishments, which are quite severe, are, according to journalist M. Melnikov, "only a 

small fry"1 

Ensuring freedom of the 

press 

As international experience shows, journalistic investigations make it possible to identify a significant part 

of the illegal actions committed by officials. After all, once on the pages of newspapers and magazines, 

corrupt officials will no longer be able not to fall into the field of view of specially authorized structures. In 

this regard, the Russian authorities need to urgently and without fail make all possible efforts, including 

making changes to the current legislative framework that will help our country get out of the last quarter of 

the rating of countries in the world in terms of press freedom, compiled by the company " Reporters With-

out Borders” for 180 countries, i.e. reduce the value of the World Press Freedom Index (hereinafter referred 

to as WPFI), which is closely related to the value of CPI (application), and therefore level the current situa-

tion, called by this company “a stifling atmosphere for independent journalists”2 

Regularly informing 

officials about their 

rules of conduct 

The rules of their professional ethics should be hung in the offices of all civil servants, establishing the 

inadmissibility of any action by them related to the use of their official position for personal gain. In addi-

tion, in all administrative buildings it is necessary to place posters that clearly show the connection between 

the level of economic development of the country and the scale of corruption in it, as well as the legal con-

sequences that may occur for corrupt officials. 

Transfer of the capital to 

another city 

The capital of Russia, located in the city, which is also its financial center, facilitates contacts between top 

officials and big business, pushing them to commit various corrupt acts. 

Changing the rules for 

admission to the civil 

service 

Only those persons who do not have overdue debts on loans, utility bills, etc. should be admitted to public 

positions, since outstanding debts are an additional incentive to receive bribes 

Change in the structure 

of remuneration of offi-

cials 

The salary of civil servants should motivate them to honestly fulfill their professional duties 

Source: Created by authors 

 

                                                           
1 China or Singapore: Which Way to Fight Corruption is More Beneficial for Russia. URL: https://ekb.tsargrad.tv/articles/kitaj-ili-

singapur-kakoj-sposob-borby-s-korrupciej-vygodnee-dlja-rossii_218981  
2 Reporters Without Borders. URL: https://rsf.org/en/russia  
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Among all the anti-corruption measures considered in the table, a measure related to the modification of 

the salary structure of civil servants deserves special attention. The amount of monetary remuneration to 

these persons should be calculated according to the following formula: 

ZG/C = Zcf. * x + r,                                                                                                                                     (3)   

where ZG/S is the salary of civil servants; Zcf. - the average salary in the administrative-territorial for-

mation corresponding to the level of certain officials (i.e. for federal officials - the average salary in Russia, 

regional - in its corresponding subject, etc.); x is a special coefficient, the value of which will range from 1.5 

to 4 and depend on the position held, class rank and other similar characteristics of civil servants; r - bonus 

for honest and conscientious performance by officials of their professional duties, the amount of which will 

be from 15 to 30% of the indicator Zcf.                                                                              

The practical use of formula (3) will make the salary of officials directly dependent on the level of well-

being of the population of the corresponding administrative-territorial unit of Russia. This is likely to be an 

incentive for them to make every possible effort to improve this parameter, and therefore refuse to use their 

official position for personal gain. An additional reminder to civil servants of the need to work honestly and 

conscientiously will be the allowance r. As for the coefficient x, its values should be equal to: a) for officials 

of the junior group - from 1.5 to 2; b) for officials of the senior group - from 2.1 to 2.5; c) for officials of the 

leading group - from 2.6 to 3; d) for officials of the main group - from 3.1 to 3.5; e) for senior officials - from 

3.6 to 4. 

After all the above measures to strengthen the Russian anti-corruption policy bring the desired result, the 

country under study, due to the improvement of the investment climate, will have all the opportunities to lev-

el such a threat to economic security as the differentiation of its constituent regions in terms of the level of 

socio-economic development, the danger of which has been said before. In addition to the administrative-

territorial units discussed above, other regions also need large investment projects. Table 6 lists these enti-

ties, as well as some sectors of their economy in which it is necessary to invest money. 

 
Table 6. Regions of Russia in need of large investment projects 

Region Sectors of the economy to be invested in 

Altai region 
- Manufacture of refractory products; 

- production of household non-electrical appliances, etc. 

Astrakhan region 
- Manufacture of soap and detergents, cleaning and polishing products; 

- manufacture of motorcycles, etc. 

Volgograd region - Production of metalworking and woodworking machines, etc. 

Kabardino-Balkar Republic 
- Manufacture of carpets and rugs; 

- production of aluminum, etc. 

Karachay-Cherkess Republic 
- Manufacture of glass and glass products; 

- production of bijouterie and similar goods, etc. 

Nenets Autonomous Okrug - Manufacture of other finished products, etc. 

Omsk region - Production of essential oils, etc. 

Orenburg region 
- Lead, zinc and tin production; 

- production of adhesives, etc. 

Primorsky Krai 
- Wallpaper production; 

- production of wiring accessories, etc. 

Republic of Adygea 
- Manufacture of cutlery and cutlery; 

- production of sheet glass, etc. 
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Altai Republic - Manufacture of other finished products, etc. 

The Republic of Buryatia 
- Production of prefabricated parquet flooring; 

- metallurgical production, etc. 

The Republic of Dagestan 

- Production of cast iron, steel and ferroalloys; 

- production of fiber optic and power cables; 

- production of lifting and transport equipment, etc. 

The Republic of Ingushetia 

- Production of fertilizers and nitrogen compounds; 

- production of metal doors and windows; 

- production of household non-electrical appliances, etc. 

Republic of Kalmykia - Production of workwear, etc. 

Republic of Crimea 
- Manufacture of machinery and equipment for the processing of plastics and rubber; 

- manufacture of hydraulic pumps, etc. 

Republic of North Ossetia - Alania 

- Manufacture of kitchen furniture; 

- manufacture of other porcelain and ceramic products; 

- production of chemical fibers, etc. 

Saratov region 
- Production of cast iron, steel and ferroalloys; 

- production of abrasive products, etc. 

Stavropol region 
- Manufacture of equipment for air conditioning; 

- production of household electrical appliances, etc. 

Chechen Republic 

- Production of dyes and pigments; 

- manufacture of machinery and equipment for metallurgy; 

- production of glass and glass products, etc. 

Yaroslavskaya oblast - Production of ceramic plates and tiles, etc. 

Source: Created by authors 

 

Table 6 lists the sectors of the economy that are currently underdeveloped in the respective regions, but at 

the same time, according to the Spatial Development Strategy of the Russian Federation for the period up to 

2025, approved by Decree of the Government of the Russian Federation of February 13, 2019 N 207-r, are 

for them promising. This means that investment in these industries will lead to a significant increase in the 

total volume of products manufactured in these regions, which is closely related to the level of their socio-

economic development (Kombarov, 2021, p. 216). 

As a logical conclusion of this study, it is necessary to consider the Republic of Dagestan. Interest in this 

region is due to the fact that one of its organizations, namely, PJSC "Dagestan Energy Retail Company" 

(hereinafter - PJSC "DEK"), is currently characterized, according to the model of R. S. Saifullin and G. G. 

Kadykova (Bukharin, Paraskevich, 2018, p. 1184), high probability of bankruptcy. Since this organization is 

one of the largest in the specified region, the occurrence of such an event to a certain extent neutralizes the 

effect of investments in the sectors of the economy that are promising for it, mentioned in Table 6. To deter-

mine what actions should be taken by the management of this company in order to eliminate this situation 

affairs, it is necessary to consider some indicators of its activity (table 7). 

 

Table 7. Some parameters of PJSC "DEK" activity for the period from 2009 to 2020 

Year 

Revenue, 

thousand 

rub. 

Cost price 

Other expenses, thousand rub. Net profit, thousand rub. Thousand. 

rub. 
Share in revenue, % 

2009 5239648 1604491 30,62 1668240 1574673 

2010 6114372 1324790 21,67 2900091 -1082761 

2011 6038072 2323011 38,47 3690254 -2833947 

2012 6172543 2279556 36,93 3807992 -1645599 

2013 6873552 2536388 36,90 1799090 -1186515 
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2014 8214102 3234531 39,38 2477129 -2311082 

2015 8791570 3480383 39,59 3814217 -3705660 

2016 9817847 3732472 38,02 4167103 -3549544 

2017 10578129 4071312 38,49 6349448 -5739371 

2018 11714944 5010852 42,77 7540045 -6936648 

2019 12381636 5257456 42,46 10873191 -7915150 

2020 6627722 2728309 41,17 5726043 -4453833 

Source: Created by author 

 

The table clearly shows that the organization of PJSC "DEK" during almost the entire period under con-

sideration received billions of dollars in losses, the amount of which in 2014 - 2019. showed almost monoto-

nous growth, interrupted only in 2020. The main reason for this extremely negative circumstance is other 

expenses that increased in 2014-2015, as well as in 2017-2019. at a rapid pace, many times faster than the 

growth rate of revenue, and reached by the end of the analyzed time period of colossal proportions. Studying 

the structure of these expenses, it is easy to see that the largest share is occupied by reserves for doubtful 

debts, which in 2009-2020 traditionally exceeded 70% of their volume. This indicates an urgent need for the 

management of the analyzed company to take actions that could lead to the emergence of an opportunity to 

reduce the amount of these provisions. 

 

CONCLUSION 

Thus, it follows from the above that the Russian economy, starting from the distant 2013, has been demon-

strating annual growth rates of about 0%, i.e. is in a state of stagnation. These rates are blocked by a number 

of negative circumstances called threats to economic security. Having considered all these threats and estab-

lished the existence of interrelations between them, the authors of this study came to the conclusion that the 

most dangerous threat for Russia is such a threat as a significant level of the shadow economy. Its increased 

danger is explained by the fact that it has a sharply negative impact on the state of the investment climate, 

and therefore, is the cause of many other factors that have a similar status, including the uneven spatial de-

velopment of the country under study. 

This state of affairs testifies to the urgent need for the Russian authorities to actively combat the shadow 

economy. Using regression analysis, the authors of this study found that the tool for such a struggle is the 

reform of anti-corruption policy. In particular, it is necessary, guided by the experience of Singapore, to 

eliminate shortcomings in the activities of the anti-corruption power structures of the country under study, as 

well as to toughen penalties for corrupt officials, ensure freedom of the press, modify the procedure for cal-

culating the salaries of persons in public service, and take some other measures. 

In conducting the study, the authors used data on the scale of the shadow economy obtained by the staff 

of the International Monetary Fund, L. Medina and F. Schneider, and published in the report “Shadow Econ-

omies Around the World: What Did We Learn Over the Last 20 Years?”. The choice of this report is due to 

its wide demand in the scientific community and its honorary status as the only source containing the speci-

fied information for almost all countries of the world over a fairly long period of time. However, it is not 
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without one drawback, which is that this gap ends in 2015. This state of affairs somewhat narrowed the pos-

sibilities of the authors, in particular, obliged them to confine themselves to this particular moment of time 

when carrying out analytical procedures. Of course, data on the scale of this phenomenon for 2016 and sub-

sequent years are present in other sources, but they were obtained using other methods that differ from those 

guided by L. Medina and F. Schneider, and therefore their use simultaneously with the results of the work of 

these economists, which was resorted to, for example, by A. A. Kasyanenko, N. S. Karavanskaya and O. E. 

Kalenov (Kasyanenko, Karavanskaya, Kalenov, 2018, pp. 20-21), seems to be incorrect. Therefore, in order 

to ensure the proper quality of future research in the field of the shadow economy, they need to eliminate this 

shortcoming in their work and supplement it annually with fresh data. 
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Appendix Correlation analysis of the dependence of the scale of corruption in the countries of the world on the level of 
freedom of the press for 2018-2020. 

Country 
2018   2019  2020  

CPI WPFI CPI WPFI CPI WPFI 

Austria 76 14,04 77 15,33 76 15,78 

Algeria 35 43,13 35 45,75 36 45,52 

Argentina 40 26,05 45 28,30 42 28,78 
Bangladesh 26 48,62 26 50,74 26 49,37 

Belgium 75 13,16 75 12,07 76 12,57 

Benin 40 30,16 41 31,74 41 35,11 
Bulgaria 42 35,22 43 35,11 44 35,06 

Botswana 61 25,29 61 25,09 60 23,56 
Burundi 17 55,26 19 52,89 19 55,33 

Germany 80 14,39 80 14,60 80 12,16 

Greece 45 29,19 48 29,08 50 28,80 
Georgia 58 27,34 56 28,98 56 28,59 

Denmark 88 13,99 87 9,87 88 8,13 

Indonesia 38 39,68 40 36,77 37 36,82 
Iraq 18 56,56 20 52,60 21 55,37 

Ireland 73 14,59 74 15,00 72 12,60 

Iceland 76 14,10 78 14,71 75 15,12 
Spain 58 20,51 62 21,99 62 22,16 

Italy 52 24,12 53 24,98 53 23,69 

Canada 81 15,28 77 15,69 77 15,69 
Cyprus 59 19,85 58 21,74 57 20,45 

Colombia 36 41,03 37 42,82 39 42,66 

Kuwait 41 31,91 40 33,86 42 34,30 
Lithuania 59 22,20 60 22,06 60 21,19 

Luxembourg 81 14,72 80 15,66 80 15,46 

Malaysia 47 47,41 53 36,74 51 33,12 
Malta 54 27,44 54 29,74 53 30,16 

Morocco 43 43,13 41 43,98 40 42,88 

Mexico 28 48,91 29 46,78 31 45,45 
Nepal 31 32,05 34 33,40 33 35,10 

Netherlands 82 10,01 82 8,63 82 9,96 

New Zealand 87 13,62 87 10,75 88 10,69 
Norway 84 7,63 84 7,82 84 7,84 

Pakistan 33 43,24 32 45,83 31 45,52 

Peru 35 30,27 36 30,22 38 30,94 
Poland 60 26,59 58 28,89 56 28,65 

Russia 28 49,96 28 50,31 30 48,92 

Serbia 39 29,58 39 31,18 38 31,62 
Slovenia 60 21,69 60 22,31 60 22,64 

Tajikistan 25 50,06 25 54,02 25 55,34 

Thailand 36 44,31 36 44,10 36 44,94 
Taiwan 63 23,36 65 24,98 65 23,76 

Tanzania 36 30,65 37 36,28 38 40,25 

Uzbekistan 23 60,84 25 53,52 26 53,07 

Uruguay 70 15,56 71 16,06 71 15,79 

Philippines 36 42,53 34 43,91 34 43,54 

Finland 85 10,26 86 7,90 85 7,93 
France 72 21,87 69 22,21 69 22,92 

Croatia 48 28,94 47 29,03 47 28,51 

Montenegro 45 31,21 45 32,74 45 33,83 
Czech 59 21,89 56 24,89 54 23,57 

Switzerland 85 11,27 85 10,52 85 10,62 

Sweden 85 8,31 85 8,31 85 9,25 
Sri Lanka 38 41,37 38 39,61 38 41,94 

Equatorial Guinea 16 66,47 16 58,35 16 56,38 

Ecuador 34 30,56 38 31,88 39 32,62 
Eswatini 38 51,46 34 49,09 33 45,15 

Estonia 73 14,08 74 12,27 75 12,61 
Ethiopia 34 50,17 37 35,11 38 32,82 

South Korea 57 23,51 59 24,94 61 23,70 

Correlation coefficient -0,9178*** -0,9576*** -0,9628*** 
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ABSTRACT 

This article is concerned with the analysis of supply and demand for labor in the regional labor market of Ukraine on the 

example of the Dnipropetrovsk region. The article presents the analyzes of such theoretical issues as determining the 

nature of the labor market, as well as supply and demand in the labor market. Particular attention is paid to the analysis 

of statistical data on employment and unemployment in the labor market of Dnipropetrovsk region, as well as a 

comparative analysis of the number of unemployed persons and the number of vacancies as the main indicators of supply 

and demand in the labor market of the region. Objectives: The purpose of this study is to analyze the current trends of 

supply and demand in the labor market of the Dnipropetrovsk region. Methods/Approach: The quantitative and 

qualitative methods were used to analyze statistical data posted on the website of the Office for National and Regional 

Statistics and Regional Employment Center. Results: The results of the investigation are presented in the form of 

diagrams, which clearly show the disproportion in the labor market of the region, and we can make a conclusion that the 

supply of labor far exceeds demand, almost twice. Conclusions: The conclusions to the study present proposals for 

improving the situation and establishing a balance in the labor market of the region under investigation.  
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INTRODUCTION 

The development trends in the regional labor market are one of the key characteristics of economic 

development in the region. The successful performance of the labor market depends on the employment 

situation, which is determined by the equation of demand and supply of labor. The economic situation in the 

country, which has had changeable trends since the proclamation of Ukraine’s independence, the change in 

the structure of demand for professions caused by economic progress and the advanced means of 
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communication, as well as the COVID-19 pandemic, drastically changed the structure of supply and demand 

in the labor market of the country and each particular region. 

The abovementioned reasons have led to a disproportion in the labor market, expansion in the number of 

unemployed persons, lessening of need for employees, increasing social tensions in different regions of the 

country and decline in the population living standards. 

In this regard, the issues of research of supply and demand in the labor market as the key processes in the 

formation of the labor market are growing more urgent. 

The issues of labor market development are covered in the research papers of such Ukrainian scientists as 

Horilyi (1999), Holovko, Pastukhov (1998), Tarshyna (2006), Тeryanyk О. (2015) Herchanivska, Petrenko, 

Kachmar (2021), Karpiy, Kachmar (2021) and others. It should be noted that scientists conduct a generalized 

assessment of labor market development and fail to take proper care of certain developmental aspects of market 

transformations.   

The purpose of this study is to analyze the current trends of supply and demand in the labor market of the 

Dnipropetrovsk region. 

In the furtherance of this goal it is necessary to perform the following tasks: 

 to analyze the theoretical approaches to defining the concept of labor market and related categories; 

 to analyze the level of employment and unemployment in the labor market of the Dnipropetrovsk 

region; 

 to determine the relation between supply and demand for labor in the region. 

 

METHODOLOGY 

The quantitative and qualitative methods were used to analyze statistical data. We considered the available 

information on supply and demand in the labor market of the Dnipropetrovsk region posted on the website of 

the Office for National and Regional Statistics and Regional Employment Center. 

The article describes main theoretical information on labor market and the current situation in the labor 

market of the Dnepropetrovsk region. Consequently, the information displayed in the diagram is made 

according to the methods. 

 

RESULTS AND DISCUSSION 

The labor market refers to the form of economic ties between producers and consumers of goods and services, 

namely between employees and employers, where the product is manpower or labor force. 

Different approaches to the definition of “labor market” are reported in the economic literature.  

The first approach is based on the definition of the labor market through a system of relations in respect of 

the purchase and sale of labor force. 
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According to the Law of Ukraine “On Public Employment”, the labor market is recognized as a system of 

legal, social and labor, economic and organizational relations that arise between jobseekers, employees, trade 

unions, employers, employers’ organizations and public institutions in the field of satisfaction of needs of 

employees in the employment, and employers – in the recruitment of employees in accordance with the law 

(Law of Ukraine "On Employment", 2012).  

A number of scientists, such as Herchanivska S., Petrenko N. and Kachmar O. accept this approach and 

define the labor market as a complex and dynamic system of social, economic and legal relations in respect of 

supply and demand for labor, as well as the forms and methods of conciliation of the interests of the market 

participants (Herchanivska, Petrenko, Kachmar, 2021).  

Tarshyna (2006) believes that the labor market is a system of relations formed ad valorem basis between 

employers, i.e. the owners of means of production, and employees, i.e. the owners of labor force, in which 

employers provide the demand for labor as entrepreneurs, and employees satisfy needs in employment as the 

source of livelihood. 

According to the second approach, the labor market should be considered as a sphere of turnover of 

merchandise represented by “labor force”. Horbunov V.O. demonstrates the essence of this approach and 

defines the labor market as a sphere of market economy that performs the function of mediation through the 

purchase and sale of labor force, by combining material and human factors of production and maintaining their 

balance in the settings of a variety of forms of ownership of the means of production and the preemptive right 

of citizens to dispose of their labor force and capabilities (Karpiy, Kachmar,2021).  

The third approach defines the labor market through the function of ensuring the balance of the supply and 

demand for labor. 

The proponents of this approach argue that the labor market is an expression of certain social relations 

between supply and demand for labor, which provide work for employees and coordinate decisions in the field 

of employment (Holovko, Pastukhov,1998, Horilyi,1999). 

In our opinion, the main content of the labor market is the formation of supply and demand for labor. 

The demand for labor is a social need for labor force, which is a tool for manpower control and has a profile 

structure by specific types of professional experience.  

The supply of labor is the totality of the employable population, which offers their capacity for work to the 

employer in exchange for the payment for work in order to obtain the prizes of life. The business and the 

country are the subjects of demand, and households are the subjects of supply in the labor market.  

Thus, the status of development of the labor market is determined by the relation between supply and 

demand for labor. The disproportions between these two components, as any economic phenomenon, can affect 

the development of the labor market both negatively and positively. Therefore, the study of relevant indicators 

is an important task for regulating the balance of the labor market in the country and regions.  

The labor market of the Dnipropetrovsk region has changed a lot in the last few years. Ten years ago, the 

Dnipropetrovsk region was one of the most stable structural units of the labor market in the country. The main 
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trends of labor development in the region were the growth in the number of employed citizens, the reduction 

of unemployment and the excess of labor demand over supply.  

Let’s analyze the main indicators of the labor market of the Dnipropetrovsk region. 

Within ten years, the structure of the labor market has changed significantly. The number of employed 

persons in 2011 was 1531.3 thousand, while in 2021 the corresponding figure decreased by 184.3 thousand 

persons and amounted to 1347.0 thousand persons (Figure 1).  

 

 

 
Figure 1. Dynamics of employment and unemployment in the Dnipropetrovsk region during 2011-2021, thousand 

persons. 

Source: Author’s illustration 

 

During 2011-2013, the number of employed persons remained almost in the same range. The first 

significant decrease was observed in 2014. It should be noted that the main reasons for such changes, both on 

a nationwide and regional scale, were political changes in the country and violation of the territorial integrity 

of Ukraine. During 2014-2015, the average number of employed persons in the Dnipropetrovsk region was 

about 1470 thousand. Since 2016, the number of employed persons has been steadily declining with small 

fluctuations of indicator, and since the beginning of 2019 the situation has been exacerbated due to the Covid-

19 pandemic. 
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With regard to the unemployment rates, the highest unemployment rates were observed in 2014 and 2020, 

which was caused by the crisis events in the economy. During 2010-2014, the unemployment rates were much 

lower than in the last five years and ranged from 106 to 117 thousand persons. After 2014, the unemployment 

rates fluctuated in the range of 120 thousand persons.  

During 2020-2021, the labor market was under the influence of the aggravation of financial and economic 

situation due to both external and internal factors, including the introduction of restrictive measures oriented 

to prevent the spread of COVID-19. 

For a more detailed assessment of the situation on the labor market of the Dnipropetrovsk region, it is 

necessary to analyze the supply and demand in the labor market of the region. 

An analysis of supply and demand in the labor market of Ukraine was conducted according to the statistics 

from the Office for National Statistics and the Government Employment Services, and it was found that the 

number of unemployed persons in the region exceeds the number of job vacancies for employees, i.e. the 

demand exceeds supply (Figure 2). 

 

          

Figure 2. The relation between supply and demand for labor in the labor market of the Dnipropetrovsk region. 

Source: Author’s illustration 

 

The number of job vacancies announced by the employers in 2021 was 61.7 thousand units, while the 

number of unemployed persons was almost twice as high as the demand for employees. It should be noted that 

during 2016-2017 the demand for employees was far in excess of the supply of employees in the labor market 

of the region. 
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As of the end of 2019, there were the smallest differences in the indicators of supply and demand for labor, 

the number of vacancies was 89.9 thousand units, and the number of unemployed persons was 118.7 thousand.  

With the beginning of restrictions due to the Covid-19 pandemic in 2020 and to this day, the demand for 

employees in the Dnipropetrovsk region is two times less than supply. 

It should be noted that the disproportion in the labor market has developed a long time ago, and it was 

caused by oversaturation of the labor market by unclaimed occupations and low supply of vocational 

professions. The challenges today have changed the needs of both employers and employees, some professions 

have simply disappeared due to the transformation of the latter into new electronic or online forms, which 

require other skills from employees different from standard methods and technologies.  

 

CONCLUSION 

In the settings of the current labor market performance, the balance of the supply and demand in the labor 

market of the region remains a highly contentious issue, because the ratio of the abovementioned indicators 

constitutes grounds for the regulation of the labor market, employment and unemployment in the country and 

in the region. 

It is necessary to apply a system of measures to establish a balance between the supply and demand for 

labor in quantitative and structural characteristics: 

 creation and continuous updating of the job bank; 

 close relationship of the regional employment service with enterprises, institutions, organizations, 

educational establishments of all levels;  

 study of the long-term need for manpower by the vocational and qualification structure of the 

personnel; 

 development and implementation of state vocational training programs for youth in accordance with 

the structural needs for manpower through the occupational guidance of youth; 

 application of new forms of education for obtaining modern professions; 

 increasing the number of public places for training of specialists, the shortage of which is most felt in 

the market; 

 increase of the costs of education for specialties, with which the market is oversaturated; 

 stimulation of wage increases in order to maintain an adequate level of manpower replenishment and 

prevent the labor outflows, particularly with regard to highly skilled workers; 

 implementation of active and passive national policy and regional policy on labor market regulation. 
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ABSTRACT 

 

Objectives: Modern production activity of railway transport of Ukraine (RTU) is characterized by high the level of 

complexity of processes and a wide range of conditions of uncertainty. The article is devoted to the tasks of development 

of unified automated intelligent analysis and control technologies indeterminate RTU processes in case of uncertainty. 

Methods / Approach: To achieve the goal a new model of the concept of formation of automated intellectual technologies 

of RTU is offered, implementation of which is based on a modular platform of unified analytical services designed for 

effective solution of certain typical tasks (diagnosis, classification, forecasting, management, etc.). The concept as a 

system includes stages of research of properties of processes, theoretical and methodological basis and methods of 

modeling and automated control, scenarios and intelligent acceptance procedures decisions in case of uncertainty. 

Results: As examples of application of the concept to the formation of unified technologies RTU presented intelligent 

services for diagnosing processes with several categories of uncertainty, as well as analysis and forecasting the 

parameters of anti-resistance processes. The analysis procedures developed in the article differ using the scheme of fuzzy 

control method Takagi-Sugeno adapted for diagnostic tasks with the uncertainty of different types (statistical, fuzzy, etc.), 

which is provided by the use integrated indicator – the reliability index, as well as the formal capabilities of the individual 

accounting for the importance of controlled variables of the process model together for all rules of diagnosis, and for 

each rule separately. By aggregating the levels of time series of non-deterministic RTU processes developed and 

researched correct mathematical models and algorithms designed for unified procedures classification and research of 

properties of anti-persistent processes of railway transport. Conclusions: In order to develop unified intelligent 

automated technologies RTU developed a concept analysis and management of non-deterministic RTU processes in case 

of uncertainty based on the platform analytical services. In work at formation of the specified services of the automated 

intellectual The technology has developed advanced diagnostic procedures that use Takagi-Sugeno-type models for 

several categories of uncertainty, as well as methods for classifying anti-persistence processes, algorithms interpolation 

of levels within aggregation ranges, analysis models and short-term forecasting processes designed to develop the 

theoretical basis and means of improving automated systems RTU. 

 

Keywords: railway transport, unified intellectual technologies, non-deterministic processes, uncertainty, diagnostics, 

anti-persistence processes, accuracy of classification. 
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INTRODUCTION 
 

Modern production activity of railway transport (RT) of Ukraine is characterized by a wide range of branches, 

a high level of complexity of processes and related management systems, a wide range of uncertainties. In the 
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current conditions, the most productive direction of RTU technology development is the use of economic and 

mathematical methods and models in combination with methods of systems analysis, nonlinear dynamics, etc., 

implemented using the latest information technologies. Comprehensive analysis of conditions and effective 

management of complex non-deterministic processes, in particular railway transport (RT), using only classical 

methods of mathematical and statistical modeling are impossible. The distribution and complexity of RT 

processes (train formation, technologies of freight transportation and repair, operation of transport 

infrastructure and its facilities, etc.) lead to events and situations with fundamentally indeterminate parameters. 

These and other factors determine the reasons for the lack of common mathematical models for many RT 

processes of technological and economic content. Due to the complexity and indeterminacy of numerous RT 

processes, one of the main ways of their initial description is to present data in the form of values of the main 

measured characteristics of time series (TS) ordered by stages and intervals. Examples of such TS for the 

railway can be the parameters of wagon flows of different categories at landfills and stations, estimates of costs 

of different types of resources by periods, parameters of freight flows, the sequence of events of operational 

processes, and others. 

Formation of conceptual and methodological bases for creation of technologies of automated 

intellectual management of indeterminate RTU processes. Let's focus on the current scientific and applied 

task of creating and using a variety of intellectual resources to improve the efficiency of procedures for 

analyzing the state of RT objects and their management. In particular, on the development and formation of 

the information environment of analytical servers (AS) of the system ASK VP UZ-E. Problems concerning 

formation of conceptual and methodological bases of the organization of the automated intellectual 

management for separate basic technological and economic processes of RT are devoted to works. (Skalozub 

et al., 2013; Zhukovyts’kyy, et al., 2018a; Zhukovyts’kyy et al., 2018b). In particular, the tasks on automation 

of management of processes of operation of parks of technical systems (PTS) of RTU are considered. Despite 

the diversity of PTS (cars, locomotives, electric motors, etc.), a number of formalized technological and 

information tasks were identified, the implementation of which will ensure the creation and operation of 

intelligent PTS control systems (Chen et al., 2020). An example of a basic unified task and functions of AS, 

which is widely used for management in conditions of uncertainty, including the management of the processes 

of operation of vehicle fleets, is the task of diagnosis. Construction of AS procedures for diagnostic tasks (AS-

D) significantly depends on the characteristics of the data (𝑋, 𝑌), their volume, accuracy, consistency, 

reliability, etc. Let's define the following task concerning formation of unified diagnostic procedures for rather 

widespread in the conditions of production processes. The structure and functioning of AS-D significantly 

depend on the models of mapping the conditions and methods of obtaining results – a logical conclusion 

(Katkova, 2018). In general, the creation of common and effective intelligent technologies for the management 

of non-deterministic RT processes requires the formation of an appropriate scientifically sound concept. 

The concept of estimation, forecasting and economic-mathematical modeling of processes of activity of 

RTU enterprises in the conditions of uncertainty contains system of the following components (Fig. 1). 
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Figure 1. The concept of estimation, forecasting and economic-mathematical modeling of processes of activity of the 

railway transport enterprises of Ukraine in the conditions of uncertainty 

Source: Author’s illustration 

 

According to the concept (Fig. 1) and the tasks of formation of AS platform technologies in Fig. 2 presents 

the implementation model, stages of research and theoretical and methodological basis for modeling and 

Theoretical and conceptual 
principles of performance 

evaluation, technological and 
economic modeling of 

processes and development 
of automation of 

management of RT 
enterprises of Ukraine in 
conditions of uncertainty

•Theoretical and conceptual approaches to the study and modeling of uncertainties in the 
activities of RTU enterprises

•Analysis of models and methods of estimation and influence of uncertainty factors in the 
conditions of RTU enterprises activity

•Analysis of the properties of automated control systems of technological and economic 
processes of RTU enterprises

•Formation of the concept of estimation of parameters and modeling of processes of 
activity of the enterprises of RTU in the conditions of uncertainty through development of 
means of automated management

Development of conceptual 
bases for evaluation and 

technological and economic 
modeling of RTU 

enterprises in case of 
uncertainty

•The concept of developing an analytical approach to determine the properties of 
controlled technological and economic processes

•Conceptual approach to the assessment of states and modeling of business processes 
under conditions of ambiguity and multiple uncertainties

•The concept of unification of means of estimation and modeling of processes of activity 
in the environment of ASC RTU in the conditions of uncertainty of data

Methodological bases and 
methodical approaches to 

estimation of characteristics 
and modeling of RTU 

processes in the conditions 
of uncertainty

•Methodological aspects of property evaluation and classification of nondeterministic 
antipersistent processes

•Development of theoretical principles and methodological approaches to modeling non-
deterministic processes of RTU enterprises on the basis of ASC data in the form of time 
series

•Methodical approach to determining the optimal order of service and distribution of work 
between contractors in the tasks of fleet management of technical systems in case of 
uncertainty

Models and methods of 
performance evaluation, 

forecasting and planning of 
RTU enterprises in case of 

uncertainty

•Methods of classification, evaluation of parameters and planning of anti-resistance 
processes of RTU

•Modeling and forecasting of processes on the basis of the expanded logistic display and 
the improved method of T. Demark

•Unified model for diagnosing and predicting the state of fuzzy processes of RTU in the 
environment of ASC RTU

•Models for determining the optimal order of service of groups of objects of parks of 
technical systems of RT, fuzzy distribution of works between executors at cooperation 
and competition

• Individual information models of the processes of operation of the fleets of technical 
systems of the ASC environment

Scenarios and decision-
making procedures for 

automated management of 
ASC under conditions of 

uncertainty

•Classification of nondeterministic processes, determination of reliable estimates of 
parameters

•Diagnosis of fuzzy parameters of technological and economic processes of RTU in ASC

•Modeling of non-deterministic technological and economic processes of RTU
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development of information technology management processes of production and economic activities of 

railway enterprises, taking into account the conditions of uncertainty. 

 

Analysis of the properties 

of automated control 

systems of technological 

and economic processes of 

RTU enterprises 

Relationship: 

ASC RTU and industrial 

enterprises RTU 

Theoretical 

generalizations, 

System approach, 

General scientific 

analytical method 
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Methods of chaotic 

dynamics, 

Methods of 

mathematical 

modeling 
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functional analysis, 

Integral evaluation, 

Simulation modeling, 

decision theory, game 

theory methods 
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theory 

Optimization method 

of finding solutions, 
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The concept and structure of 

unification of means of 

estimation and modeling of 

processes of activity in the 

environment of ASC RTU 

Unified model for 

diagnosing and predicting 

the state of fuzzy 

processes of RTU in the 

environment of ASC RTU  
Theoretical principles and 

methodological approaches 

to modeling non-

deterministic processes of 

RTU enterprises on the 

basis of ASC data in the 

form of time series 

Process forecasting models 

based on extended logistic 

mapping and improved T. 

Demark method  

Models of evaluation of 

characteristics, processes of 

automation of planning of 

activity of RTU enterprises 

in languages of uncertainty 

Models for determining 

the optimal priority of 

maintenance of groups of 

objects of parks of 

technical systems of RT 

Scenarios and decision-

making procedures for 

automated management of 

ASC under conditions of 

uncertainty 

Individual information 

models of the processes of 

operation of the facilities 

of the technical systems of 

the ASC environment 

Development of theoretical and methodological approaches 

to the analysis and modeling of technological and economic 

processes of RTU ASC in conditions of uncertainty 

Theoretical and 

methodological basis 

of modeling 

Stage 4. 

Development of scenarios 

and decision-making 

procedures for the type of 

models and parameters of 

management of 

technological and 

economic processes in 

conditions of uncertainty 

Stage 3. 

Formation of models and 

methods of analysis and 

management based on 

technological and 

economic processes of 

the TS in conditions of 

uncertainty 

Stage 2. 

Development of 

methodological bases 

and approaches to 

modeling of 

nondeterministic 

processes 

Stage 1. 

Formation of conceptual 

bases for classification 

and analysis of 

indeterminate 

technological and 

economic processes 

STAGES OF 

RESEARCH 

Figure 2. Model of the concept of formation of intellectual technologies of RTU 

Source: Author’s illustration 

 

At formation of the conceptual approach to the decision of a complex of problems on formation of 

intellectual technologies, and also the further development of automation of management of activity of the 

enterprises of RTU in the conditions of uncertainty, the scenario approach is offered. This approach is based 

on unified procedures of the AS platform - diagnosing, classifying, forecasting and planning with statistical 
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and fuzzy parameters of technological and economic processes of RTU, which may take into account the 

possibility of using different models based on existing databases and objectives (Fig. 1). Significantly, the set 

of methods and models of management automation envisaged by the concept includes unified procedures for 

diagnosing, classifying, forecasting, planning and managing the current RTU processes. Integration and 

unification of intelligent functions minimizes the operating costs required to implement the management of 

RT processes. 

Unified procedures of AS-D for diagnosing the parameters of nondeterministic RT processes in case 

of multiple data uncertainties. Consider cases of modeling and diagnosis, when one or several different types 

of uncertainty in the assessment of data characteristics (𝑋, 𝑌). That is, there is a repeated uncertainty of the 

parameters of the model of the controlled system: randomness, inaccuracy, fuzzy, interval estimates of values, 

their combinations (Chernyak et al, 2016; Ramazanov et al., 2019; Bajbuz et al., 2019; Nazzal et al., 2018). 

In terms of content, the tasks of diagnosis (and information technology to ensure) are that based on the use of 

measurement results of a set of controlled parameters of the object 𝑋 = {(𝑥𝑖),  𝑖 = 1,2, . . . , 𝑚)} визначити його 

стан щодо діагностування із множини determine its state of diagnosis from the set of possible 𝑌 =

{(𝑦𝑘),  𝑘 = 1,2, . . . , 𝑙)}. In this case, to ensure the completeness of the task of diagnosis, it is necessary to 

include all conditions - both serviceable and inoperable. Methods and procedures for diagnosing the state of 

systems and processes are a significant and important component of many technological and economic 

management systems in various industries (Skalozub et al, 2017; Voronina et al., 2016). To apply the scheme of 

the fuzzy control method Takagi-Sugeno (T-S) in the uncertainty of different species in our work used in 

(Chernyak et al, 2016) integrated indicators – reliability indices 𝑑(𝑥), species: 

 

𝑑(𝑥) = [𝑑𝐷1𝑁(�̄�1) ⋅ 𝑑𝐷2𝑁(�̄�2) ⋅. . .⋅ 𝑑𝐷𝑛𝑁(�̄�𝑛)]
1/𝑛

 (1) 

 

In (1) 𝑑(𝑥) is a generalized estimate of the degree of reliability of the n-dimensional vector of input 

variables (𝑋), rules of the T-S model, ie rules of the form (2). Individual components (𝑋) take values from sets 

[0, 1]. This index (1) is further used in the TC method, similar to the degree of affiliation for fuzzy quantities 

(Byt’ko et al, 2015; Boyko et al, (2013). 

 

𝑅(1) : 𝐼 𝐹(𝑥1𝑖𝑠𝐷1
1𝐴𝑁𝐷𝑥2𝑖𝑠𝐷2

1𝐴𝑁𝐷 … 𝑥𝑛𝑖𝑠𝐷𝑛
1)𝑇𝐻𝐸𝑁𝑦1 = 𝑓(1)(𝑥1, 𝑥2, … , 𝑥𝑛) 

𝑅(𝑁) : 𝐼 𝐹(𝑥1𝑖𝑠𝐷1
𝑁𝐴𝑁𝐷𝑥2𝑖𝑠𝐷2

𝑁𝐴𝑁𝐷. . . 𝑥𝑛𝑖𝑠𝐷𝑛
𝑁)𝑇𝐻𝐸𝑁𝑦𝑁 = 𝑓(𝑁)(𝑥1, 𝑥2, . . . , 𝑥𝑛) 

(2) 

 

Consider the formation of the model of the task of diagnosing and creating a unified procedure of the AS-

D platform. To simplify the presentation of the material instead of reliability indices (with multiple 

uncertainties of data (1)) we will use fuzzy values. The procedure consists of the following stages: 

 formation of sets of controlled parameters(𝑋) and diagnosed conditions (𝑌), 𝑌 = {(𝑦𝑘),  𝑘 =
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1,2, . . . , 𝑙)}, which further represent the term-sets of the linguistic variable RESULTS; 

 formation of membership functions of parameters (𝑋) term-sets of values(𝑌) variable RESULTS: 

(𝜇1(𝑥𝑖), 𝜇2(𝑥𝑖), . . . , 𝜇𝑙(𝑥𝑖)),  𝑖 = 1,2, . . . , 𝑚 (3) 

  

 determination of indicators of significance 𝐺𝑥(𝑖)𝑘 (relevance) of variables 𝑋 = {(𝑥𝑖),   𝑖 = 1,2, . . . , 𝑚} 

for diagnostic rules 𝑅(𝑘), 𝑘 = 1,2, . . . , 𝑙: 

(𝐺𝑥(1)(𝑘), 𝐺𝑥(2)(𝑘), … , 𝐺𝑥(𝑖)(𝑘), … . , 𝐺𝑥(𝑚)(𝑘)),   𝑖 = 1,2, . . . , 𝑚 (4) 

  

 definition (for example, by the method of analytical hierarchies (Saaty T., 2016)) for each term set 

𝑦𝑘 ∈ (𝑌) «individual» weights of importance of parameters (𝑋) ( 𝑅(𝑘)): 

𝑊(𝑘) = (𝑤1𝑘 , 𝑤2𝑘, . . . , 𝑤𝑚𝑘),  𝑘 = 1,2, . . . , 𝐿 ;  ∑ 𝑤𝑗𝑘 = 1

𝑗

 (5) 

 get the value of a controlled set of parameters,(𝑋) perform a calculation of the set of values of 

membership functions for each term set of values (𝑌) variable RESULTS, or similar estimates for 

variables (1): 

(𝜇1(𝑥𝑖∗), 𝜇2(𝑥𝑖∗), . . . , 𝜇𝑙(𝑥𝑖∗)),  𝑖 = 1,2, . . . , 𝑚 (6) 

  

 calculate the values of the resulting indicators of thermal sets (possible states) taking into account the 

indicators of relevance (4) and weights 𝑊(𝑘),  𝑘 = 1,2, . . . , 𝑙; 

𝑉(𝑘) = ∑  𝐺𝑥(𝑖)(𝑘) × 𝑤𝑖𝑘 × 𝜇𝑖𝑘(𝑥𝑖∗)

𝑖

,  𝑘 = 1,2, . . . , 𝑙. (7) 

 

Dimensions {𝑉(𝑘)}𝑙 represent weighted estimates of the degree of affiliation (or indices (1)) of the input set 

(𝑋) to the corresponding term sets𝑦𝑘 ∈ (𝑌) variable RESULTS, the maximum of which determines the 

outcome of the diagnosis: 

𝑉(rez) = 𝑚𝑎𝑥
𝑘

(𝑉(𝑘)(𝑌)) (8) 

Model (7) - (8) is a form of the T-S method (Vertelieva, 2019), where the activity indicators of individual 

rules of diagnosis (7) are the results of the application of functional transformations of the original data (𝑋). 

Note that to diagnose certain conditions (𝑌), 𝑌 = {(𝑦𝑘),  𝑘 = 1,2, . . . , 𝑙)} several rules 𝑅(𝑘)of the form (7) 

with different parameters can be. 

Based on the values (6), (7), various indicators can be formed, which determine the relative or comparative 

estimates of the results (8), for example, the normalized percentage and so on. In work (Kozachenko et al., 

2013) such indicators determine the comparative reliability of individual term-sets(𝑌)namely: 

𝜈(𝑘) =
𝑉(𝑘)

∑ 𝑉(𝑘)
(𝑘)

 (9) 
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As mentioned above, indicators (9) and similar in model (3) - (9) can be obtained on the basis of complex 

estimates – reliability indices 𝑑(𝑥) (1). It is important that in the General case, the values of (1) can be formed 

by indicators of different categories of uncertainty of the components of the input vector (𝑋). In addition, for 

a single variable , 𝑋 = {(𝑥𝑖),  𝑖 = 1,2, . . . , 𝑚} it is possible to use the characteristics of different categories of 

uncertainty, ie to consider them as separate, for example, in different rules (7). When comparing indicators 

(7), (9) with the established levels or among themselves, it is possible to diagnose several states (Y) of the 

system. For example, the group of diagnosed conditions includes those whose values (9) differ from (8) by a 

set percentage. 

The unified diagnostic procedure can be implemented on the basis of the created information-analytical 

platform ANS-D environment ANS. The general structure of this module is shown in Fig. 3. 

 

Figure 3. Unified control module of the AS-D environment 

Source: Author’s illustration 

 

Module blocks (Fig. 3) correspond to the components of the diagnostic model (3) - (9). It also evaluates the 

reliability of data on models of input values, which in the general case may be different types of uncertainty. 

Procedures for classification and short-term forecasting of RT processes. Here is another example of 

unified procedures of the platform AS – procedures for analysis, classification and forecasting of 

nondeterministic processes represented by time series, according to chaotic dynamics. The ramifications and 

complexity of RT processes and systems lead to the emergence of events and situations with fundamentally 

indeterminate parameters. One of the main ways of their initial description is to present the data in the form of 

values of the main measured characteristics of TS arranged by stages and intervals. Models and methods of 

analysis and forecasting of states and parameters of complex systems based on the TS have been recognized 

and widespread, find new forms of implementation. TS of RT processes and requirements for the results of 

their analysis are specific in comparison with natural (biological, atmospheric phenomena, cardiac processes, 

etc.). First, these TS’s are "short" (up to 250 levels); secondly, the requirement for the "suitability" of 

procedures for reliable production and technical forecasting and planning. To study the general properties of 

the TS, fractal analysis methods are currently used, in particular, the calculation of the Hirst index. (H), which 
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allows to distinguish between processes (persistent or trend-resistant, anti-persistent, where "breaking" 

tendencies are expected, processes of a random nature). For the study of anti-persistent TS (ATS), specialized 

procedures have been developed that allow to differentiate and classify such processes. 

Formation and interpretation of ATS data sequences requires determining the possibility of correct 

formation of computer models, procedures for estimating the parameters of process states, methods of studying 

the properties of TS, accuracy and reliability of constructed models, etc. 

The development of research on models, algorithms and software for ATS is currently of scientific and 

practical interest. For the AS environment, the issues that ensure the development of algorithmic and 

instrumental software for correct and numerically effective research and classification of ATS, the formation 

of short-term forecasting procedures are important and relevant. 

In the rational management of non-deterministic processes of arrival or departure (Fig. 4) of cars of a certain 

category from the station, the tasks of modeling, analysis and forecasting of such processes based on their TS 

(TS-C) are important. 

 

Figure 4. Dynamics of departure of wagons from the station for the year 

Source: Author’s illustration 

 

To ensure the reliability and adequacy of mathematical models of these and similar processes, it is first 

necessary to establish the general properties of TS-C. To do this, use the Hurst index (10) (Qi et al., 2011; 

Dlask et al., 2018), the values of which allow us to establish the category of TS processes – persistent (trend-

resistant), anti-persistent ("breaking" trends, returns), the random nature of processes 

 

)*log(

)/log(

Na

SR
H   (10) 

where: H – Hurst index; S – standard deviation of a number of observations; R – the scope of the 

accumulated deviation; N – number of observation periods;  
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«a» – set constant, for "short" TS 
2


a  (Skalozub et al., 2016; Skalozub et al., 2018). 

Studies of the TS of some processes of transportation and maintenance of wagon flows of RT of Ukraine 

(Fig. 4) allowed to classify them as ATS. Consider the task of creating a service platform AS for classification, 

modeling and short-term prediction of ATS, using the procedure of the article (Skalozub et al., 2016). It 

proposed a theoretical and methodological approach and a specialized procedure aimed at solving the problem 

of differentiation of ATS and their classification. Classification of ATS allows to reveal additional signs of 

processes at the expense of what to increase reliability and accuracy of results of the analysis and forecasting 

of nondeterministic processes. The basis of the approach is the sequence of transformations of the ATS by 

procedures of generalization of adjacent levels of source data sequences. 

At the same time, a methodology was developed, as well as basic procedures for classifying the studied processes 

were formed. 

The following procedure of classification of a series (PCS) by its transformation is offered (Skalozub et al., 

2016). Schematically, a series of new TSi(k) is formed on the basis of PCS data based on the original TS data, 

k = 2, 3, 4, 5 .... In the TSi(k) series, the parameter "k" indicates the number of consecutive levels of the series, 

which are used to construct one next level of the transformed series (as the average value of k levels) at the 

stage of analysis "i". That is, "i" means the number of the PCS stage for the formation and study of TSi(k). In 

the next (i+1) and subsequent stages, the PCS procedure is applied to the new ones formed in the previous 

stages of TSi(k). The construction of TSi(k) series is terminated if for some value of "k" the corresponding 

TSi(k) becomes trend-resistant according to (10). A similar condition for the completion of the PCS is the 

requirement: Н(TSi(k))> Н* (10). When the PCS stop conditions for the TSi(k) series are provided for several 

generalizations of the "k" levels, the TS are assigned to a class with a smaller "k". Next, to the obtained in 

stage "k" modified series apply the methods of correlation-regression analysis (Skalozub et al., 2018b), build 

a regression model of the formed TSi(k). The coefficient of determination (R2) acts as a measure of the 

reliability of each of the models. 

Examples of aggregate TS-C models and their regressions are shown in Fig. 5 and Fig. 6. The original ATS-

C became persistent (H = 0.587) by aggregation of 5 consecutive levels of ATS, with the TSi(5) model. In Fig. 

5 shows the ATS-C of the 7th class, ie the elements of the model were formed by aggregation of 7 (k = 7) 

levels of the ATS. 
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Figure 5. Initial aggregated ATS of the 5th class, TSi(5), H = 0.587 

Source: Author’s illustration 

 

Figure 6. Regression model for aggregated ATS of the 7th class (k = 7) 

Source: Author’s illustration 

 

The polynomial regression model of ATS 7th class has a coefficient of determination (R2 = 0.7693). Also, the 

value of the class (k = 7) has a meaningful interpretation – the volume of cars per week. 

The trend-resistant TSi(k) models formed by the PCS allow to estimate the ATS indicators generalized for 

the period “k”, which is often insufficient for practice. When planning, it is necessary to have not only group 

data, but also estimates of levels for all periods. The problem of estimating the parameters of ATS processes 

at all levels is solved by forming a procedure for interpolation of values in the aggregation ranges (Skalozub 

et al., 2018a). For the justified application of models (1) of TS processes for the AS of RT platform, it is 

necessary to develop specialized procedures that allow: 

• unambiguously and computationally efficient classify ATS; 

• perform interpolation of the values of the levels of the ATS indicators within the aggregation intervals; 
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• perform procedures for short-term forecasting of the values of total volumetric indicators of the modified series 

for the established interval (period of data aggregation), as well as estimates of values at all steps of the primary 

ATS process. 

The essence of the interpolation procedure in the classification of the TS is the formation of several newly 

formed sequences of class "k", which are offset from each other by several levels. So they have the same class 

"k", but different level numbering and mathematical models of trends. By shifting the models, it is possible to 

interpolate values by levels using a system of equations or iterative procedures. 

To form an interpolation procedure for estimating and refining the internal levels of ATS with certain means 

of PCS class "k" we use the following system of equations formed on the basis of the initial TS: 

1
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(11) 

 

That is, when calculating estimates of indicator levels within the aggregation interval for ATS class k>1, it 

is necessary to form "k" of new sequences with elements (11). The following elements of aggregate models 

are calculated similarly to (11), but for other sequences of indexes of TS elements. For example, for processes 

5th class TSi(5) the following formation schemes are possible (from fa (5)): 

fa :    ua1; ua2; ua3 ; ua4; ua5; ua6 ; ua7; ua8 ; (12) 

fb(5): (ua1+ua2+ ua3+ ua4 +ua5 )/5; (ua2+ua3+ ua4+ ua5+ua6 )/5; (13) 

fc(5): (ua1+ua2+ ua3+ ua4 +ua5 )/5; (ua3+ua4+ ua5+ ua6+ua7 )/5; (14) 

fd(5): (ua1+ua2+ ua3+ ua4 +ua5 )/5; (ua4+ua5+ ua6+ ua7+ua8 )/5 (15) 

ff (5): (ua1+ua2+ ua3+ ua4 +ua5 )/5; (ua6+ua7+ ua8+ ua9+ua10 )/5 (16) 

 

As the number of the ATS class "k" increases, the number of variants of aggregation schemes of models of 

the form (13) - (16) increases. There are two significantly different types of such schemes - "without overlap" 

members of ATS (13), in which consecutive elements of aggregated models do not contain previous elements, 

as well as with overlap (repetitions) of members of TS (12) in newly formed sequences of TS models (k), (13) 

- (15). (13) - (16) give examples of several initial levels of time series variants TSi(k). Examples of data 

aggregation schemes (12) testify to the content and wide possibilities of forming process models in the form 

of TSi(k). At the same time, in order to create the AS platform, it is necessary to establish, firstly, in which 

form of aggregation the possibility and accuracy of classification of source TS is provided, and secondly, to 

propose algorithms for forecasting aggregate models. Such algorithms should also allow interpolation – to 

calculate the internal levels of indicators of TSi(k) processes. 
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Unified procedures for interpolation and forecasting of ATS are designed to calculate the internal levels of 

ATS processes, using estimates of integrated values obtained from the models of the corresponding trends of 

TSi(k). For different variants of aggregation (13) – (16) it is necessary to form a separate procedure of 

interpolation - calculation of values of internal levels on the basis of forecast values for the whole range., 

Obtained on the basis of the system of equations (11). Thus, for (k=3) to calculate the intra-interval values of 

levels, it is possible to use (k-1) the initial values of the ATS instead of solving the system of equations of the 

form (11). Then to interpolate the ATS levels instead of solving the systems of equations (11) it is sufficient 

to use successive relations of type (16): 

1 2 3
1

3

y y y
Y

 
 , then → 

2113 3 yyYy  , 

2 3 4
2

3

y y y
Y

 
 , then → 3224 3 yyYy   

3 4 5
3

3

y y y
Y

 
 , then → 4335 3 yyYy   

(17) 

As a result, the following general algorithm is used when constructing the forecast: For the process Y1, the 

k-levels of the initial TS are selected, starting from i=1, n over k. For Y2 – i=2, n, for k, etc., for all Yj, j = 1, 

k, depending on the aggregation scheme of the form (13) – (16). The Hurst index (10) is determined, the 

forecast is constructed according to the polynomial model of TSi(k) and the coefficient of determination is 

calculated (R2). According to the obtained models, the internal interval values of the forecast levels are 

calculated, for the determination of which the initial values of the series Y are used (k-1). For example, for 

(k=3) of the form (17). Studies of the functional efficiency of TSi(k) modeling algorithms have shown that 

different aggregation schemes give different (though quite similar) mathematical models of the same process 

that can be used for operational forecasting under uncertainty. 

Various variants of TSi(k) formation schemes (with overlapping and without overlapping levels) were 

investigated for many ATS. For example, in Fig. 7and Fig. 8 shows the aggregate models of ATS of the third 

class of TSi(k=3) with Hurst index (10), H = 0.479. The figures show the initial members of the new sequences 

with different numbers of common elements in the aggregate levels (11). Namely, one common element of 

MA(3_1) fig. 7, without intersection of elements MA(3_3) fig. 8. The figures also show polynomial models 

of trends calculated by the method of least squares, as well as estimates of the reliability of polynomial models 

(R2). Similarly, these analytical models represent generalized processes formed from the initial ATS. 
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Figure 7. Aggregate model of TSi(k=3) with one common element (15) 

Source: Author’s illustration 

 

Figure 8. TS model of TSi(k=3) for the scheme without overlapping levels (16), polynomial model and reliability 

estimates (R2). 

Source: Author’s illustration 

In the vast majority of computational experiments, aggregation schemes with overlapping levels had class 

k = 2. Such schemes were "insensitive" to the data in the classification of the TS. Classification schemes for 

aggregation without "intersection" of successive levels of the species (16) allowed to identify different classes 

of ATS. Modeling and analysis showed the advantage of the aggregation scheme without overlapping levels, 

which ensured the reliability of the classification of ATS and the accuracy of interpolation procedures. It is the 

classification schemes of the TS in aggregation without "intersection" and the corresponding interpolation 

procedures are proposed for the formation of the AS platform. The performed computational experiments 

showed the possibility of using the proposed classification of TSi(k) only for short-term forecasts. To 

implement these algorithms for interpolation and forecasting the levels of ATS processes, it is necessary to 

have an appropriate structure of their software implementation, which provides the formation of a model 
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sequence of quantities containing all previous levels of TS. Such components of automated systems are 

implemented by modules of the AS platform of the RTU. 

 

CONCLUSION 
 

A modern and effective direction of development of automated railway transport systems of Ukraine is the 

formation of intelligent technologies for analysis and control of indeterminate processes in case of uncertainty. 

The article proposes a concept and methodology designed to create technologies for automated control of non-

deterministic processes, the implementation of which is based on a system of unified analytical services. 

Examples of intelligent services for diagnosing processes with several categories of uncertainty, as well as 

analysis, classification and forecasting of parameters of anti-resistance processes, revealing the essence of the 

tasks of building intelligent technologies of automated RT systems of Ukraine. Improved Takagi-Sugeno 

models for several categories of uncertainty have been obtained in the formation of services for diagnosing the 

parameters of RT states. The procedure of classification and short-term forecasting of anti-persistent RT 

processes is proposed, and its properties of correctness and efficiency are investigated. The developed models 

and methods provide formation of the corresponding services of intellectual technologies of the automated 

systems of RT of Ukraine. 
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properties as a printed version. The electronic version already has all necessary 

requisites: Bulgarian ISBN and all output data according to the international 

standards 

Moreover, of course, the important parameter is the cost. We offer services of the 

European quality at the price almost coinciding with the prices in many other 

countries. Therefore, an electronic format of publication is an excellent option for 

the favorable and quick publication 

 

 

WHAT WE PUBLISH 

The wide range of services, we provide, allows us to guarantee a scientist a 

successful publication indexed in the largest scientific databases.  

If you have a ready-made text of a monograph or other scientific publication and 

you want to publish it, you can take the opportunity of receiving the most qualitative 

result for the given price.  

Your proposal will be evaluated by the Editor(s) and/or an external reviewer who is 

an expert in the fields covered. If accepted, the final manuscript also needs the 

approval from the Editor(s) before it is published, to ensure the quality of each book. 

The cost of services is calculated individually, and there is a fee for the provision of 

correct editing of materials for promotion in scientific journals, including consulting. 

The final cost of services varies according to the volume of work and urgency.  
 

Order the service by contacting us on the website or e-mail. 
 



 

Included in ACCESS Press proceedings service package 
 

Creation of a full-fledged web site dedicated to your conference with its own URL, including 

search engine, table of contents, conference details, etc. 

Professional hosting service, guaranteeing 24-hour access and fast response times 

Comprehensive similarity checking and plagiarism detection for all articles to be published in a 

proceedings 

Personalized, high-quality assistance for preparing your conference and proceedings 

Provision of clear instructions for authors and editors, as well as style sheets, for Word 

Fast and high-quality communication with a dedicated Access Press staff member in either 

English,or Russian 

Articles can be of any length with no restrictions on the use of colours and the possibility to 

add multi-media elements 

Fast publication of your proceedings in less than 2 weeks 

Registration of an ISBN for your proceedings publication 

Inclusion in major search engines, such as Google and Google Scholar 

Registration of a unique online reference (DOI) for all articles at CrossRef 

Submission to relevant indexation databases 

 

 

 
 

 

PROCEEDINGS AND CONFERENCES 
ACCESS Press publishes proceedings in all major disciplines. We offer conference, symposium 

and workshop organizers a unique service which is not only fast and personalized, but also 

ensures maximum visibility for their conference and workshop proceedings. 

All proceedings on the ACCESS Press platform are open access and hence freely accessible for all 

to read. 

Where applicable, we take care that these proceedings are submitted to relevant indexation 

databases. 

ACCESS Press adheres to the ethical frameworks and guidelines of the Committee on Publication 

Ethics (COPE), including the COPE Core Practices and the Principles of Transparency and Best 

Practice in Scholarly Publishing 

https://publicationethics.org/
https://publicationethics.org/
https://publicationethics.org/files/editable-bean/COPE_Core_Practices_0.pdf
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 Publications are reckoned by the Higher Attestation Commission as a 

publication in a foreign publishing house. 

 European publication with foreign output data with international number ISSN. 

 Prompt e-mailing of a journal’s electronic version to authors. 

 Every journal gets its own space on the web, and still present in the search 

results for the whole platform. 

 Journals are published in open access mode on the publishing house 

site access-bg.org 

 

 
 

ACCESS publishes academic journals that belong to universities, research 

institutes, academies of sciences, learned societies and other organizations. We 

can publish them both in the Open Access and in traditional (paid access) models. 

We currently publish journals in the English language, but content in other 

languages will be considered. 
 

We have a special offer for universities and other organizations to publish their 

English language journals, books and other publications. 
 

 

ONLINE PLATFORM FOR ELECTRONIC JOURNALS 
 

As ACCESS Press understands the importance of core principles of scholarly communication, the 

editors of journals strive to organise peer review process within 20 days, and publishing house 

puts effort in publishing articles usually within 2–4 weeks after acceptance. 

 

All journals on the ACCESS Press platform follow the highest international standards on 

publishing ethics as described in the ethical frameworks and guidelines of the Committee on 

Publication Ethics (COPE). ACCESS Press is a strong advocate of integrity in science and adheres 

to these guidelines in full. Moreover, we are a strong supporter of the principles of openness, 

transparency and reproducibility in research and an organizational signatory of the Transparency 

and Openness Promotion (TOP) guidelines issued by the Center for Open Science. 

 

We follow strict guidelines for authors and our eminent editorial board members 

are also dedicated to build a framework that is based on the ethics and virtues of 

publication. Access Press safeguards that each article is peer-reviewed and goes 

through a strict screening process before being published. 
 

Detailed information about each journal can be found in their homepages. 
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https://publicationethics.org/
https://publicationethics.org/
https://cos.io/our-services/top-guidelines
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Recently, the interest of the scientific community in the scientometric 

indicators impact factor, IF and impact rank, SJR, which reflect the level of 

citation of articles published in various journals, is increased. Inclusion of 

scientific journals in global indexed systems for citations Scopus and 

Web of Science requires the editors and publishers to meet the selection 

criteria, strictly established by these systems, which generally meet the 

international standards for the issuance of scientific periodicals. As one 

of the 13 criteria for selection of journals in Scopus is online 

accessibility - accessibility to the journal site with a mandatory English 

version and the quality of the journal site, the ACCESS team has created 

a platform for periodic electronic publications. 
 

Each university needs objective data for assessment of the science, for 

making decision for further development. 
 

Main problems of the quantity assessment of publications are an 

insufficient number of journals in Scopus and Web of Science. 
 

 
 

 

ACCESS Press has a special offer for universities and other organizations that are seeking 

a partner to publish all or some of their English language journals, books and other 

publications. This applies to new publications and to previously published books and previous 

journal volumes. We publish monographs, textbooks, edited volumes, and other categories. 
 

The university can decide if a given journal or book is published using the Open Access or paid 

access model. All books and journal articles bear both the university and ACCESS logos. 
 

ACCESS Press will design, produce and manage the website of this publishing house. The role 

of the university is to select and channel books and book proposals for this publishing co-

operation, as well as to promote this publishing opportunity to its faculty. 
 

The university can decide which package of services applies to each journal and book. Such 

packages are described in the pages for journals and books. If the value of the contract 

exceeds an agreed amount, the university can enjoy discounts up to 60% on standard 

fees. 
 

Please contact us to discuss the terms of the ACCESS Publishing House offer. 
 



 
 

 

Main features of ACCESS Journal Platform 

- Each journal has a dedicated website, which by request can have a custom 

design 

- Journal websites have a dedicated subdomain myjournalname.access-bg.org, 

but by request the journal can use a dedicated domain myjournalname.com 

and still use the ACCESS platform 

- Each journal website has informational sections – description of the journal 

subject, editorial board, review policy, open access policy 

- Each journal website has a contact page to contact the journal team 

- Each journal has an archive with all the issues and their articles 

- Each journal website has a search functionality only in the context of the 

journal, results from the rest of the platform are not included 

- By request each journal structure can be customized 

- Journal websites are built in English, but by request they can be customized to 

be multi-language 

- The main platform website has links to each journal website 

- The main platform search and browse functionalities include all issues and 

articles from the journal websites, linking to them 

- The main platform and each journal website is with responsive design and 

mobile-friendly 

 

 

 

Administration 

- Each journal administrator has access to a control panel to administrate their 

content and upload new issues 

- The control panel is user-friendly and with responsive design, working equally 

well on all kinds of mobile and desktop devices 

- Administrators can add, edit, remove issues 

- Administrators can add, edit, remove articles 

- Administrators can manage most of their site content 
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