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This study sought to develop a method to cluster countries based 
on their decarbonization capabilities and to determine how these 
nations’ reduction of carbon dioxide (CO2) emissions has evolved over 
time. CO2 emissions clusters were identified using 11 indicators that 
measure both direct and indirect CO2 emissions, differentiating 
countries by their economic and population growth, energy consump-
tion, and CO2 emission level. The panel data included 39 countries over 
the 10-year period of 2012–2021. The clustering was based on such 
type of neural networks as Kohonen self-organizing maps. This type of 
model facilitated grouping countries by similar decarbonization 
capabilities and economic development. The findings reveal that 
Norway and Sweden are the leaders in creating climate-resilient 
economies among the 39 countries analyzed. The analysis carried 
out can help other countries establish benchmarks for improving their 
own internal decarbonization activities based on leader nations’ 
strategies and borrowing their best practices for more efficient results. 
This study thus contributes to the literature regarding decarbonization 
activities by offering a multi-country dynamic clustering method using 
Kohonen maps. 
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Introduction 

Countries that adopted the Paris Agreement in 2015 have set as 
their main priorities climate change policies and decarbonization 
activities that necessarily involve all domestic markets’ participants. 
Multiple countries around the world are, therefore, accelerating the 
transition toward decarbonization and sustainable growth.  

In 2021, economic recovery (i.e., based on purchasing power 
parity) increased by 5.9% for the G20, which represents around 80% 
of global energy consumption. This growth included a 5% rebound 
effect on energy consumption and 5.9% carbon dioxide (CO2) 
emissions from energy combustion [1]. Thus, achieving climate 
neutrality will require stronger international cooperation. Domestic 
firms from the industry and service sectors need to move toward 
operating more fully in sustainable value chains at the local, national, 
European, and international level to increase these companies’ 
resilience and competitiveness and to achieve decarbonization 
targets [2]. However, this transition could become more challenging 
due to energy prices and the potential risks of adjusting to regulations 
and market demands. 

In this context, researchers must examine countries’ basic capacity 
for decarbonizing their economy, including tracking their progress 
using effective management and mathematical tools and measurement 
instruments. Monitoring mechanisms need to be developed that can 
identify current and future levels of CO2 emission reduction and 
explore potential opportunities for expanding decarbonization 
potential. Although these tools have become increasingly important, 
they have not been adequately addressed by the existing literature. 

Previous studies [3-7] have highlighted that decreasing CO2 
emissions is the primary mitigating factor for climate change. 
Electricity consumption can be viewed as a major indicator of each 
nation’s development [8], yet economic growth and increased human 
well-being worldwide has put pressure on expendable resources and 
exacerbated climate change [9]. Environmental damage has also 
increased due to intensified energy use, urbanization, and trade [10-13].  

A few researchers have applied econometric approaches to 
analyzing the relationship between agricultural production [14, 15], 
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energy consumption [16-19], international trade [20, 21], and 
environmental pollution. Some recent studies have also emphasized 
the advantages of deep learning and utilized data mining techniques to 
achieve natural data partitioning. The latter methods include 
clustering, which can deal with huge amounts of data based on 
unsupervised machine learning. Cluster analysis is an important tool 
for exploratory data processing focused on summarizing information’s 
main characteristics [22-23]. Clustering has been successfully used in 
varied areas, such as finance [24-26], energy use [27, 28], and CO2 
emission levels [29].  

Gong et al. [27] applied a clustering method to detect provinces 
with cleaner energy production in China. The selected technique also 
facilitated the identification of provinces’ efforts to introduce cleaner 
energy production. Csereklyei et al. [28], in turn, used model-based 
clustering to examine the energy profiles and paths of states 
participating in Australia’s National Electricity Market between 2011 
and 2019, thereby defining 25 distinct electricity generation clusters.  

In addition, Inekwe et al. [29] identified clusters based on 72 
countries’ CO2 emissions. They have used three key determinants 
affecting CO2 emissions (non-renewables, population, and real GDP) 
and established that in most cases, a 2-cluster solution appears to be 
optimal. Input variables for clustering have included non-renewable 
(i.e., total coal, gas, and oil use) and renewable energy consumption 
(i.e., total hydro, wind, solar, geothermal, marine, waste, solid waste, 
and liquid and gaseous biofuel-derived energy).  

Previous studies have been subject to significant limitations. The 
latter have comprised targeting a single country (e.g., China [27] and 
Australia [28]), having a limited focus [27, 28], or neglected time 
factors (i.e., dynamic impacts) [29], including variable consumption 
of renewable and non-renewable energy. Prior research has thus 
neglected to determine CO2 emission levels for groups of countries 
using a dynamic approach and to assess each nation’s CO2 emissions 
systematically over time.  

To address these gaps, the current study sought to develop a 
classification of countries based on their target CO2 emission levels 
for 2012–2021. Two research questions were addressed:  
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1. What are the main country clusters based on national target 
CO2 emission levels?  

2. How has each country’s classification changed over time, with 
Ukraine serving as an example?  

The following tasks were undertaken to achieve this study’s main 
goals: 

1. Define and analyze the database for each nation to identify the 
indicators that have had an impact on CO2 emission levels over the 
10-year period. 

2. Validate the list of indicators that affect CO2 emissions for the 
countries analyzed.  

3. Conduct cluster segmentation and examine examples of 
national CO2 emission levels.  

4. Analyze each cluster’s traits by determining which clusters 
contain ecologically friendly countries and examining how Ukraine’s 
position has changed over the analyzed period.  

The next section presents the methodology (i.e., secondary data 
analysis and clustering method). The results section is organized 
around the findings for specific countries. The final section provides 
the main conclusions organized by research question. 

 

Methodology 

Research design 

This study started by collecting secondary data from open sources 
providing information on factors that affect CO2 emission levels. 
Different databases were compared, including the World Bank’s 
World Development Indicators [30], United Nations Statistics 
Division [31], United Nations Framework Convention on Climate 
Change [32], International Renewable Energy Agency [33], and 
Eurostat [34], as well as Enerdata’s [35] interactive data tool. Given 
the panel data available, the present research opted to rely on two 
sources. The first was Enerdata’s World Energy & Climate Statistics – 

Yearbook 2022 online application [35] for energy and CO2 emission 
data, which was used to cluster countries according to their target CO2 
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emission levels. The second source was the World Bank’s World 
Development Indicators database [30], which supported the current 
study’s analysis of economic and demographic data. 

Each country’s target CO2 emission level was determined by 
gathering data on characteristics (i.e., indicators) that affect emissions 
in different countries. The literature review highlighted three sets of 
indicators that have been found to have a strong influence on each 
country’s identification of a CO2 emission target. The first set 
includes economic and population growth factors (e.g., real GDP per 
capita growth and urban population). Urbanization is a key variable 
that stimulates economic development through varied social and 
structural reforms. This study focused on dynamic change factors, so 
real GDP per capita growth was also selected. 

The second set of indicators encompasses primary energy 
consumption products and energy transformation. These measures 
include energy intensity per unit of GDP, electricity consumption, 
electrification, renewables’ share of electricity production, wind and 
solar power’s share of electricity production, and coal, lignite, oil 
product, and natural gas consumption. Oil product consumption has a 
stronger direct impact on countries’ internally generated CO2 
emissions than oil production does.  

This research concentrated on decarbonization at the national level, 
so external consumption and production were excluded from the panel 
data. Total primary energy consumption was also removed to avoid 
double counting because energy product consumption is part of total 
energy consumption. In addition, electricity production corresponds to 
gross production and includes both public production (i.e., private and 
public electricity utilities’ production) and industrial production (i.e., 
for the utilities’ own uses) [35]. Electrification and electricity 
consumption pollute but to a different degree, so both determining 
factors had to be included. 

The third set of indicators is related to greenhouse gas (GHG) 
emissions. These measures provide information about emissions from 
energy combustion (i.e., >80% of CO2 emissions) and, in particular, 
the average CO2 emission factor.  

The sample under analysis was limited to 39 countries as the 
selected databases provided full, comprehensive, and updated 
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information (i.e., key energy and climate statistics) about these 
nations, with minimal data gaps. As mentioned previously, the data 
on indicators from the first subset were obtained from the World 
Bank’s World Development Indicators database [30]. Data for the 
last two indicator sets were collected from Enerdata’s World 
Energy & Climate Statistics – Yearbook 2022 interactive online 
application [35].  

Data analysis 

A comprehensive table of data for the 39 countries selected for 
analysis contains 11 indicators’ normalized values ranging from 0 to 1 
(i.e., 0 = indicator’s smallest value; 1 = largest value), as shown in 
Table 1. The proposed list of indicators can be reduced during data 
analysis if a specific measure fails to have a significant impact on the 
clustering process (i.e., indicator values more or less evenly 
distributed across different clusters). 

Table 1 

PORTION OF DATABASE ON INDICATORS OF CARBON DIOXIDE (CO2) EMISSION LEVELS 
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Algeria 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.5 0.6 0.0 0.2 

Argentina 0.2 0.0 0.1 0.0 0.2 0.0 0.6 0.1 0.9 0.0 0.4 

Australia 0.4 0.1 0.0 0.0 0.1 0.2 0.9 0.5 0.8 0.0 0.5 

Belgium 0.3 0.0 0.0 0.0 0.1 0.3 0.5 0.4 1.0 0.0 0.4 
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Brazil 0.2 0.2 0.0 0.1 0.8 0.0 0.4 0.4 0.8 0.0 0.4 

Canada 0.7 0.1 0.1 0.1 0.6 0.1 0.6 0.4 0.7 0.0 0.5 

Chile 0.2 0.0 0.0 0.0 0.4 0.0 0.6 0.8 0.8 0.0 0.4 

China 0.8 0.6 0.2 1.0 0.2 0.1 0.9 1.0 0.3 1.0 0.4 

Colombia 0.0 0.0 0.0 0.0 0.8 0.0 0.6 0.6 0.7 0.0 0.4 

Czech 0.4 0.0 0.0 0.0 0.1 0.1 0.7 0.3 0.6 0.0 0.4 

Egypt 0.2 0.0 0.1 0.0 0.1 0.0 0.7 0.3 0.2 0.0 0.4 

France 0.2 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.7 0.0 0.5 

Germany 0.2 0.1 0.1 0.1 0.2 0.5 0.7 0.4 0.7 0.1 0.4 

India 0.4 0.2 0.1 0.2 0.2 0.1 0.7 0.7 0.0 0.2 0.3 

Indonesia 0.2 0.1 0.1 0.0 0.1 0.2 0.6 0.8 0.3 0.0 0.2 

Italy 0.1 0.1 0.1 0.1 0.3 0.6 0.7 0.0 0.6 0.0 0.4 

Japan 0.2 0.3 0.2 0.2 0.1 0.1 0.8 0.5 0.9 0.0 0.6 

Kazakhstan 0.8 0.0 0.0 0.0 0.1 0.0 1.0 0.6 0.4 0.0 0.3 

Malaysia 0.4 0.0 0.1 0.0 0.1 0.0 0.8 0.7 0.6 0.0 0.5 

Mexico 0.2 0.1 0.1 0.1 0.1 0.1 0.7 0.5 0.7 0.0 0.4 

Netherlands 0.2 0.0 0.1 0.0 0.1 0.2 0.6 0.2 0.9 0.0 0.3 

New Zealand 0.4 0.0 0.0 0.0 0.7 0.8 0.4 0.5 0.8 0.0 0.5 
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Indicators 
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Nigeria 0.6 0.0 0.0 0.0 0.2 0.0 0.0 0.5 0.2 0.0 0.0 

Norway 0.3 0.0 0.0 0.0 1.0 0.0 0.3 0.5 0.7 0.0 1.0 

Poland 0.3 0.0 0.0 0.0 0.1 0.1 0.9 0.5 0.4 0.0 0.3 

Portugal 0.1 0.0 0.0 0.0 0.4 1.0 0.6 0.0 0.5 0.0 0.5 

Romania 0.2 0.0 0.0 0.0 0.3 0.2 0.6 0.6 0.3 0.0 0.3 

Russia 0.8 0.2 0.6 0.2 0.2 0.0 0.6 0.7 0.6 0.1 0.3 

Saudi Arabia 0.4 0.1 0.1 0.1 0.0 0.0 0.7 0.5 0.8 0.0 0.3 

South Africa 0.7 0.0 0.0 0.0 0.0 0.0 1.0 0.4 0.5 0.0 0.6 

Spain 0.1 0.1 0.0 0.1 0.3 0.9 0.6 0.1 0.7 0.0 0.5 

Sweden 0.3 0.0 0.0 0.0 0.6 0.2 0.1 0.2 0.8 0.0 0.7 

Thailand 0.4 0.1 0.1 0.0 0.1 0.0 0.5 1.0 0.2 0.0 0.3 

Turkey 0.1 0.0 0.1 0.0 0.3 0.1 0.8 0.6 0.6 0.0 0.4 

Ukraine 1.0 0.0 0.1 0.0 0.1 0.0 0.7 0.4 0.6 0.0 0.3 

United Arab Emirates 0.4 0.0 0.1 0.0 0.0 0.0 0.8 0.5 0.8 0.0 0.3 

United Kingdom 0.1 0.1 0.1 0.1 0.1 0.3 0.7 0.4 0.8 0.0 0.4 

United States 0.4 1.0 1.0 0.9 0.1 0.2 0.7 0.5 0.7 0.2 0.5 

Uzbekistan 1.0 0.0 0.1 0.0 0.1 0.0 0.8 0.9 0.3 0.0 0.2 

Note. GDP – gross domestic product. 
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The literature review revealed that data mining techniques have 
become a quite popular method of estimating CO2 emission levels. In 
addition, clustering is one of the most common methods used to find 
hidden patterns in sets of explanatory variables. The items belonging 
to each cluster are more similar to each other than to those belonging 
to other clusters. The artificial neural network technique was selected 
to cluster countries by their CO2 emission levels for the present study.  

This research’s objectives required a classification of the selected 
nations by their potential ability to reduce CO2 emissions. The 
Kohonen self-organizing map (SOM) toolkit [36, 37] was selected 
since it can form homogeneous groups of items and it is considered to 
be a convenient visual analysis tool for clustering. SOMs are used to 
classify items and visualize low-dimensional representations of high-
dimensional data.  

These maps’ main feature versus other clustering methods is 
SOMs’ ability to identify an item immediately compared to other 
approaches based on a specific attribute — locating best and worst 
items on opposite sides of the map [36, 37]. Kohonen maps are a 
visual representation of a two-dimensional net of neurons reflecting 
the organization of the data under analysis (see Fig. 1). 

 
Input layer Clusters on SOM 

 

Fig. 1. Visual representation of clusters in Kohonen map [38] 

In the present study, clusters of similar countries were formed 
based on the data collected for indicators such as economic growth, 
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energy consumption, and CO2 emission level. Eleven key indicators 
were used to identify as accurately as possible patterns in CO2 
emissions’ development and formation. That is, each group’s 
countries have similar values for the indicators that affect their 
emissions. 

Min-max normalization was performed to reduce the excessive 
influence of variables with large absolute values. Noticeable, that 
standardized and normalized data set gave us different outcomes of 
clustering. Through series of experiments we found that clustering 
with normalized data provided more realistic clusters of the countries 
than the results based on the original or standardized datasets. The 
initial map created was thus based on a small number of random 
variables. This study applied the Gaussian function to determine the 
neighborhood of neurons for the cooperation process. 

The 39 countries were, therefore, clustered according to indicators 
of energy consumptions, CO2 emissions, and economic growth by 
constructing a Kohonen SOM using the Deductor Studio Academic 
software package. The vectors of 11 values were input into the map of 
each country’s features selected during the 10-year period of 

20122021, drawing from the data listed in Table 1. The process of 
creating the map necessarily included finding its optimal dimension 
(i.e., number of neurons). The SOM’s dimension was chosen from 
various options based on the mean weighted quantization error 
criterion, which reflects the average distance between the data vectors 
included in the map’s inputs and neuron parameters. 

Results 

Overall analysis 

Several trial runs were conducted based on the chosen indicators of 
CO2 emission levels. The results indicate that the 39-country SOM’s 
most suitable structure is a hexagonal grid of 16 by 12 neurons. The 
clustering was carried out using 7,500 machine learning epochs.  

Possible solutions were checked with different numbers of 
clusters, and the conclusion was reached that the most relevant option 
has eight clusters. This solution groups nations that exhibit similar 
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decarbonization capabilities and economic growth. The 39 countries 
were distributed among the eight clusters numbered from 0 to 7. Each 
group is visually distinguishable by its shape, size, and color (the 
latter corresponds to a specific number on the scale at the bottom of 
the Kohonen map in Fig. 2). 

 

 

Fig. 2. Kohonen map of 8 clusters from 39 countries  
based on 3 subsets of indicators for 20122021 

 
Table 2 offers a dynamic overview of the countries in each cluster, 

showing how the map helps track and analyze the nations’ evolution 
over time. For instance, some countries (e.g., the United Kingdom, 
Chile, and Ukraine) changed their positions various times over the 10-
year period. For example, Chile moved from Cluster 1 to 2 and then to 
Cluster 0, improving its CO2 emission levels over time. This progress 
is indicated by Cluster 0’s position closer to Cluster 5, which includes 
countries with the best energy, economic growth, and CO2 emission 
values (i.e., ranked as low-carbon economy nations).  
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Table 2 

CLUSTERS IN SELF-ORGANIZING MAP BASED ON 11 INDICATORS FOR 39 COUNTRIES 

WORLDWIDE FOR 2012–2021 

Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 

Portugal 
(2012-2021) 

New 
Zealand 

(2012-2021) 

Spain  
(2012-2021) 

UK  
(2020) 

Italy  
(2020) 

Chile  
(2020-2021) 

Argentina 
(2012-2020) 

Belgium 
(2012) 

Chile  
(2012-2014) 

Czech  
(2012-2021) 

Egypt  
(2012-2018) 

India  
(2020) 

Malaysia 
(2013-2021) 

Mexico 
(2012-2019) 

Saudi 
Arabia 

(2012-2021) 

Thailand 
(2020-2021) 

Turkey 
(2012-2015) 

Ukraine 
(2014-2021) 

UAE  
(2014-2021) 

UK  
(2012-2014) 

South 
Africa 

(2012-2021) 

Mexico 
(2020-2021) 

Malaysia 
(2012, 

2015-2016) 

Japan  
(2012-2021) 

France 
(2012-2021) 

Egypt  
(2014-2021) 

Chile  
(2014-2019) 

Canada 
(2012-2021) 

Australia 
(2012-2021) 

Argentina 
(2021) 

Algeria 
(2012-2021) 

India  
(2012-2021) 

Indonesia 
(2012-2021) 

Kazakhstan 
(2012-2021) 

Netherland 
(2012-2016) 

Poland 
(2012-2021) 

Romania 
(2012-2013) 

Russia 
(2012-2021) 

Thailand 
(2012-2019) 

Ukraine 
(2012-2013) 

UAE  
(2012-2013) 

Uzbekistan 
(2012-2021) 

 

China  
(2012-2021) 

United 
States 

(2012-2021) 

 

Norway 
(2012-2021) 

Sweden 
(2012-2021) 

 

Belgium 
(2012-2021) 

Brazil  
(2012-2021) 

Colombia 
(2012-2021) 

Germany 
(2012-2021) 

Italy  
(2012-2019, 

2021) 

Netherlands 
(2017-2021) 

Romania 
(2014-2021) 

Turkey 
(2016-2021) 

UK  
(2015-2019, 

2021) 

Nigeria 
(2012-2021) 

 

 
From 2012 to 2021, Norway and Sweden had a low level of energy 

intensity of GDP at consumption, oil products, natural gas and 
electricity consumption, with the highest renewables and wind and 
solar power shares in electricity. These two countries were placed in 
Cluster 5, in the lower right corner of the SOM (see Fig. 2 above and 
Fig. 3), as they are the most ecologically friendly countries of the 39 
nations analyzed. 
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Fig. 3. Kohonen map for 39 countries based on 11 indicators  
for 20122021 

Concurrently, Norway and Sweden during this 10-year period had 
high values for electrification, urbanization, and average growth rate 
in real GDP per capita, with low levels of coal and lignite domestic 
consumption and average CO2 emissions (see Fig. 3 above). The 
results suggest that Norway and Sweden are leaders in reducing CO2 
emissions and creating climate-resilient economies.  
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For comparison purposes, Cluster 5 was labeled the leader cluster 
with the best values for the 11 indicators. All the other clusters can be 
seen as followers. As mentioned previously, Norway and Sweden are 
placed as members of Cluster 5 in the lower right corner of the map. 
The closer a country is to this corner of the SOM, the more highly 
developed is that nation’s use of its decarbonization capabilities and 
renewable energy sources.  

Notably, Cluster 7 has the worst values for all the indicators 
compared to the remaining clusters, and it is located opposite to the 
leader cluster on the map (see Fig. 2 above). Up to 2021, the countries 
that were quite slowly decarbonizing were Nigeria, Algeria, India, and 
Uzbekistan, which are located in Cluster 7 in the SOM’s upper left 
(see Fig. 2 and Table 2 above).  

The Netherlands stayed in Cluster 3 between 2012 and 2016. The 
results show that this country’s slow progress was due to its high average 
CO2 emission levels and urbanization. From 2017 onward, the 
Netherlands improved its position and moved closer to the leader cluster.  

Some countries, such as China and the United States in Cluster 4, 
stayed together in the same cluster for the 10 years. They, therefore, 
took no steps to improve their decarbonization capabilities over the 
period analyzed as these countries had and continued to have 
extremely high CO2 emission levels.  

The SOM developed can be used to determine each nation’s best 
position on the map. All followers may improve their energy and busi-
ness sectors and identify their potential or current CO2 emission level to 
draw closer to the leaders’ positions. Progress entails targeting values 
for the 11 indicators that are closer to Cluster 5 countries’ values. For 
example, further analysis revealed that from 2012 to 2021, Ukraine had 
approximately an average level of electrification, urban population, 
CO2 emissions, and growth rate in real GDP per capita but relatively 
low levels of coal and lignite domestic consumption (see Fig. 3 above).  

Trajectories of movement between clusters  

This subsection focuses on Ukraine as case study to analyze its 
trajectory of movement from one cluster to another. This country’s 

position was examined over the 20122021 period, which revealed an 
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overall movement toward a low-carbon economy. In 20122013, 
Ukraine was in Cluster 3, then, in 2014, this nation moved to 
Cluster 1 and stayed there until the end of 2021 (see Table 2 above 
and Fig. 4). The most significant leap forward occurred in 2019, when 
Ukraine became the leader of Cluster 1. 

 

 

Fig. 4. Ukraine’s trajectory of movement between clusters  
on Kohonen map for 20122021 

Ukraine’s movement between clusters from 2012 to 2021 (i.e., 
from point 1 to point 3 in Fig. 4 above) was in the right direction, 
namely, closer to Cluster 5. An analysis of international organizations 
and public authorities [39-41] was conducted to find an explanation 
for this trend. Ukraine was dealing with territorial challenges due to 
the Russian Federation’s temporary annexation of the Autonomous 
Republic of Crimea and city of Sevastopol, as well as anti-terrorist 
operations in areas of the Donetsk and Lugansk regions in 2014 and 
2015. These events dramatically changed Ukraine’s development 
strategies [39]. Due to the conflict, it concentrated on renewable 

1 2 

3 
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energy so that, in 2015 to 2020, renewables’ share in electricity 
production increased from 7.9% to 11.3%) and energy consumption, 
GHG emissions, and pollution were significantly reduced in more 
recent years by applying the following financial and policy measures 
[40, 41]: 

 In 2015, the Ministry of Ecology and Natural Resources of 
Ukraine developed a National Strategy on the Approximation of 
Ukrainian Legislation to EU Legislation for Environmental 
Protection. 

 In 2019, the tax on GHG emissions increased four-fold, and, 
from 2021 onward, the government identified large and medium-sized 
industrial companies that had to prepare plans for monitoring GHG 
emissions. 

 In July 2020, Ukraine officially supported the European Green 
Deal, designed to make the European continent climate neutral by 
2050. 

 In March 2021, the Cabinet of Ministers of Ukraine approved 
the National Economic Strategy until 2030 for achieving climate 
neutrality by 2060. 

This country’s commitment to move toward carbon neutrality 
implied the identification of a target CO2 emission level, which 
requires an efficient, effective, and resilient economy.  

The present analysis’s findings can help other countries establish 
benchmarks for improving their own internal decarbonization 
activities based on other leader nations’ strategies and possibly 
borrowing their best practices for more efficient results. Comparing 
one country’s decarbonization capabilities (i.e., measured by the 
proposed 11 indicators) to those of leaders can provide hard evidence 
of whether that nation is competently and successfully engaging in 
low-carbon activities. 

The proposed approach thus uses clustering to identify current and 
potential CO2 emission levels to facilitate the formation of low-carbon 
targets at the national level. For instance, the relevant experts need to 
review and align Ukraine’s net zero emission strategy and CO2 
emission target with the strategies implemented by EU countries in 
Clusters 5, 0, or 2. The results can help Ukraine to follow historical 
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examples in order to avoid potential mistakes in the decarbonization 
process and more efficiently bring this nation closer to Cluster 5. 
Table 3 provides general suggestions for how to move Ukraine more 
quickly toward a cost-effective, productive low-carbon economy. 

 
Table 3 

SUGGESTIONS FOR UKRAINE BASED ON CLUSTERING RESULTS 

Target 
clusters 

Target countries 
(selected European 

Union countries from 
clusters to be followed) 

Recommendations for how to join  
target clusters 

Cluster 5 Norway (2012–2021) 

Sweden (2012–2021) 

 

 Reduce existing domestic fossil fuel 
assets and, simultaneously, increase 
renewable energy assets by following 
Norway and Sweden’s example. 

 Adjust strategies to reduce the 
absolute values of oil products, natural 
gas, coal, and lignite domestic 
consumption indicators. 

 Move toward increasing the absolute 
values of renewables’ and wind and 
solar power’s share in electricity 
consumption, as well as of electrification 
indicators. 

Cluster 0  
and 
Cluster 2 

Portugal (2012–2021) 

Spain (2012–2021) 

France (2012–2021) 

 Review current and potential CO2 
emission targets. 

 Align them with EU countries (i.e., 
Portugal, Spain, and France), thereby 
reducing the absolute value of average 
CO2 emissions. 

 
Countries’ movement between and within clusters is characterized 

by changes in indicators, such as energy product consumption, and in 
the outcomes of policies that reduce CO2 emissions. Nations have 
moved from one cluster to another by altering their status from high- 
to low-emission countries and vice versa. Clustering facilitates the 
identification of each country’s level of emissions, whether high or 
low, for a more accurate identification of that nation’s target CO2 
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emission level. The proposed approach is based on using the available 
data on countries to place them in the most appropriate cluster. This 
method can be used to build a forecasting model of CO2 emission 
levels for a group of nations with similar characteristics and 
development trends.  

Conclusions 

Accurately identifying target CO2 emission levels requires appropriate 
effective mathematical models. This study’s first research question (i.e., 
What are the main country clusters based on national target CO2 emission 
levels?) was addressed by developing a new modelling approach to 
clustering nations by CO2 emission indicators. The proposed method first 
segments countries according to the dynamics of a set of 11 indicators, 
using the Kohonen SOM toolkit. The maps generated facilitate the 
identification of clusters that are leaders in decarbonization and that 
should be followed by other countries that are passive participants in the 
process of lowering emissions. The present analysis’s findings include 
conclusions drawn about the leader cluster, which contains Norway and 
Sweden, among other nations. The closer a country is to this cluster on 
the SOM, the more developed and efficient that nation’s decarbonization 
activities are. 

The second research question (i.e., How has each country’s 
classification changed over time, with Ukraine serving as an 
example?) required an analysis of the map created. Ukraine improved 
its position over the 10 years examined by moving between clusters 
and drawing closer to the leader cluster. Nations in different clusters 
were studied to formulate recommendations to help Ukraine foster the 
most effective transition to low carbon emission levels.  

The above results have theoretical and practical implications. The 
proposed method addresses past research’s limitations [27-29] by 
classifying diverse countries and adding a temporal perspective. This 
research used Kohonen SOMs to define current and potential CO2 
emission levels in order help countries move in the right direction, 
namely, toward efficient decarbonization, which has important 
implications for both academics and policymakers.  
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Despite this study’s significant contributions, the findings are 
limited by the availability of data for 11 selected indicators in 39 
countries over the 10-year period analyzed. In addition, further 
research is needed to apply this Kohonen map approach at a regional 
and industry level.  
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etc. The developed hybrid neuro-fuzzy system “Board” for evaluating 
intellectual capital of a business community enables to process both 
quantitative and qualitative input data, and was built up according to 
the criteria of digital economy transformation projects.  
 
Keywords: intellectual capital, management, modeling, fuzzy logic, 
business community 

JEL Classification: С45, М12, О34 

Introduction 

Modern economic development is characterized by fundamental 
changes in the technological basis of societal manufacturing and shift 
to innovative economics. Special role in this process belongs to the 
intellectual capital largely defining the structure of the domestic 
economy, the quality of manufactured goods and services, as well as 
the efficiency of economic functioning on all organizational levels. 
The development of the intellectual labour and its proportion in the 
production processes are becoming the most important factors 
defining the integration of a country in the world economy, its export 
capabilities and share in the total world monetary income.  

In developed countries, the improvement of scientific 
technological progress, intellectual and innovative technological 
production are in the center of attention. According to estimations [1], 
the share of new technologies in developed countries makes up 85% 
of the GDP growth, and in the 15-25 the share of digital economy will 
be 50% of the world GDP. Thanks to highly technological and science 
capacious goods, these countries are at an advantage in the world 
economy and labour market, especially under conditions of 
globalization and digitalization of economic systems.  

The current stage of technological development, economy and 
education calls for tackling the issue of intellectual capital 
management based on modern mathematical methods. The topicality 
of the research is determined by the processes of digital 
transformation in economy, which differ from the previous 
automatization and informatization periods by the large-scale 
transformation of business models, structural organizations and 
interrelation of economic agents. These processes result in emergence 
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of new digital products, forms of economic organization – digital 
platforms and ecosystems.  

Therefore, nowadays the issue of intellectual capital management 
in the conditions of digitalization acquires a new meaning in terms of 
forming effective administrative economic mechanisms of 
accumulating and increasing intellectual capital of both modern 
enterprises and business communities.  

The issue “intellectual capital” (IC) has certain stages of its 
development. Bontis, N., director of the Institute for Intellectual 
Capital Research, in his article [2] indicates that the concept of 
intellectual capital was first introduced by economist Galbraith, J. [3] 
in 1967. One of the first works that laid the foundation for 
independent research on intellectual capital was the book of the 
Japanese scientist Sakaiya, T. “The value created by knowledge, or 
the history of the future” [4]. He concludes that knowledge is directly 
embodied in the majority of created goods and, thus, the economy 
turns into a system that functions on the basis of the exchange of 
knowledge and their mutual assessment. 

Synthesizing the concepts studied by Petty, R. and Guthrie, J. [5], 
one can single out the main origins of the theory of the intellectual 
capital from 1980 to 2000. In particular, a certain dependence of the 
practice on the fundamentals of the intellectual capital is noted. 

In 1997, Edvinsson, L. and Malone, М. published their first book 
“Intellectual capital” which was a pioneer in this sphere [6]. It reflects 
the experience of defining, evaluating and managing intellectual 
capital of a Swedish corporation “Skandia”, which was the first to 
publish in its report the information on intellectual capital.  

In the conditions of digitalization of economies, the most relevant is 
the definition of intellectual capital, proposed by Bontis, N. [2], who 
regards it from the point of stability of economic development [7]. 

Nowadays, there are dozens of methods of intellectual capital 
assessment [8]. Tobin’s coefficient q [9] (or Kaldor’s rate [10]) can 
refer to the classical intellectual capital evaluation methods – it is the 
ratio of the company’s market value to the price of its tangible assets 
substitution (buildings, houses, equipment and stock). To evaluate 
intangible assets EVA (Economic Value-Added) methods are used [11]. 
Back in 1989, Finegan, P. proposed the concept of EVA [12], but it 
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gained popularity only in 1993 with the publication of an article by 
Tully, S. and Hadjian, A. in “Fortune” journal [13]. This method 
regards humans rather as assets than value. Although this methods is 
effective for evaluating intangible assets, it does not answer the 
question how these values are created and developed.  

Another group of popular methods is based on considering various 
values of intellectual capital to develop the evaluation indicators. As a 
variant of such an assessment is a popular method Navigator made up 
by a Swedish insurance company “Skandia”, which has practiced in 
evaluating intellectual capital since 1994. Here we can single out 
several categories of intellectual capital: human capital, structural 
capital, relations capital (market capital) [14]. The most common form 
of the intellectual capital is intellectual property, comprising trade 
marks, patents, licenses, etc. 

Another example of this group is the method of Intangible Assets 
Monitor (Sveiby, K.-E. et al. [15]), which divides intangible assets into 
external and internal structures and employees’ competency. The choice 
of evaluation indicators depends on strategic goals. The most important 
spheres of applying this method are growth/renovation, efficiency and 
stability. Many companies develop their indicators by this method.  

A separate group of methods presents the so called “third 
generation” of intellectual capital indicators. While characterizing 
employee’s proficiency, they also take into account their activity 
coefficient (for instance, the number of days of training), as well as 
transforming activity (comprehension of better practice through 
implicit human knowledge). These methods include the 
IС Index [16] – identification of four main categories of intellectual 
capital (relations, employees, infrastructure, innovations) and their 
representation in the hierarchy. IС Rating [17] also relates to this 
group of methods, and presents a hierarchical structure supplied with 
a risk factor. The most peculiar feature of these methods is that they 
enable the managers not only to register value constituents, but also 
consider some trends and factors lying at the basis of the situation, 
including risk sensitive ones.   

The issue if evaluation and management of intellectual capital was 
also considered in Project Management methods. They started their 
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development in the 1950s in decision theory and operations research 
in the works of Malcolm, D. et al. [18] (Program Evaluation and Review 
Technique, PERT), Magee, J. [19] (Decision Tree Analysis, DTA), 
Kelley, J. et al. [20] (Critical Path Method, CPM), Goldratt, E. [21] 
(Critical Chain Method, CCM), Fleming, Q. and Koppelman, J. [22] 
(Earned Value Technique, EVT) and others. Thus, it enables to state 
that all the methods of intellectual capital management have one 
common problem of incapability of simultaneous consideration of 
qualitative and quantitative factors. However, this problem can be 
solved by fuzzy calculations methods [23, 24]. 

The specificity of project management, in particular, is studied in 
the works of Turner, R. [25], Antoniuk, L. et al. [26], Zavidna, L. et 
al. [27], including with the use of fuzzy mathematics tools in the 
papers by Balan, V. [28] and authors of this article [29]. 

The aim and tasks of the research 

The aim of the article is to develop a structural model for 
managing the intellectual capital of the business community based on 
an appropriate neuro-fuzzy system. This model will consider 
incomplete or subjective quantitative or qualitative information, which 
will enable to obtain verbalized results of evaluating the intellectual 
capital of business community.  

Results  

The study “Small Business Index” [30] proved that businesses 
acting within any business community are more successful. Such 
businesses have positive feedbacks, steady dynamics of clients’ and 
sales growth, thus income growth. These companies have a better 
access to necessary resources, technologies and investments.  

The research [31] shows that business community represents 
different sectors of large, small and middle entrepreneurship, and 
protects their rights and legal business interests, supports effective 
communication among them and state administrative bodies on 
creating favourable business conditions in Ukraine and abroad, 
provides access to innovative technologies, counselling and other 
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professional non-income services. The aim of business community is 
to create and spread innovative knowledge and technologies in 
business, establishing relations among the economic agents for their 
better mutual profiting.   

The problem of assessing the intellectual capital of business 
communities is new in modern science. We provide evaluation of 
intellectual capital on the example of a business community “Board” 
[32], which is typical for this class of economic agents. “Board” is a 
business community that provides mutual mentoring and counseling 
for prompt and effective business decision making of each member. In 
June 2022 “Board” counted over 1000 members, including 982 
Ukrainian and 130 foreign ones. 

To evaluate intellectual capital of a business community “Board” 
by the principles of fuzzy logic [23, 24, 33, 34], we propose an 
approach (see Fig. 1), within which the corresponding neuro-fuzzy 
hybrid system (NFHS) is implemented.  

 

 

Fig. 1. Hybrid system for evaluating the intellectual capital  
of the business community 

Intellectual capital level of a  
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The methods of developing hybrid intellectual systems are based 
on problem-structured and problem-instrumental methodology, which 
consists in analysis and decomposition of a complex problem with 
further synthesis of solutions into structures or program components 
for the set subproblems. At the basis of these systems suffice it to use 
“soft” calculations able to process “non-rigorous”, incomplete or 
distorted input data, work with qualitative concepts, ambiguous and 
vague statements, loosely formalized economic parameters.   

To realize the neuro-fuzzy hybrid system in accordance with  
the approach presented in Fig. 1, the following factors must be 
determined:  

 evaluation of mentors’ intellectual capital on the basis of his/her 
knowledge, education, competencies and experience, defined by the 
management of business community “Board” on the basis of linguistic 
qualitative estimation; 

 evaluation of the intellectual capital of a business community 
member, which implies subjective-objective estimation of company’s 
intellectual capital, calculated by Tobin’s q, i.e. relation of company’s 
market value to the price of its assets substitution; 

 intellectual capital evaluation of community’s managers/founders 
(“Board”) on the basis of subjective neurolinguistic estimation of 
mentors and members of companies. It should be noted that NFHS 
will have no feedback with this evaluation function to prevent the 
system collapse, i.e. conflict of estimation values.  

The NFHS will be developed basing on the thesis, that the main 
principle of flexible project management of digital transformation is 
the process of predictive recognition of problem situations and group 
work on measures considering the interests of stakeholders (all 
members of business community). Formalization of this process is 
realized by the presence of feedback, which implements problem-
predictive management (see Fig. 1). 

In June 2022, when the NFHS was being developed, the general 
number of business community “Board” members and mentors makes 
up 1000 persons (these data will be used as a basis for modeling). 

To assess the intellectual capital of the business community, the 
following variables of NFHS were defined:  
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 S1…n – subjective evaluation of the intellectual capital of the 
mentors of the business community “Board” (the scale from 0 to 100 
points), which is formed basing on the opinions of the business 
community managers (where n is the mentors number); 

 T1…h – subjective-objective evaluation of the intellectual capital 
of the companies with the membership in the business community 
“Board”, calculated by Tobin’s q and presented by the members of 
business community (h is the number of companies); 

 K1…3 – subjective-objective evaluations of the intellectual 

capital of three founders of the business community “Board” based on 

survey of expert estimations of mentors and members. To simplify the 

calculations, the general integral estimation of the founders of the 

business community “Board” will be done. At the moment of starting 

gathering information, the level of the managers’/founders’ 

intellectual capital made up 93 points by a 100-point scale. 

In line with methodological approaches to development of neuro-

fuzzy systems [23, 24, 33-38], we will build NFHS for evaluating the 

intellectual capital of the business community “Board” in the form of 

an “inference tree” (see Fig. 2). It has the following designations: М – 

integral evaluation of the mentors’ intellectual capital; U – integral 

evaluation of the members’ intellectual capital; К – integral evaluation 

of the intellectual capital of the business community 

managers/founders; IKB – integral evaluation of the intellectual 

capital of the business community “Board”. 

The nods of the “inference tree” are interpreted in the following 

way: the root fIKB corresponds to the level of the intellectual capital of 

business community “Board”; terminal nods are the corresponding 

factors of influence; non-terminal nods (double circles) represent 

integral indicators calculated on the basis of the partial influence 

factors that they include. All nodes of the “inference tree” are 

described by linguistic variables. 

For the description of the quantitative input parameters {T1…Th} 

we used the calculations, performed by the members of the business 

community “Board”; for the description of the qualitative parameters 

S, M, U, K and IKB, scores on a 100-point scale were used. 
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Fig. 2. Structure of the NFHS evaluation of the intellectual capital  
of the business community “Board” 

The neurolinguistic evaluation with the corresponding scale of 
changes for the input factors and output indicator is demonstrated in 
Table 1. Table 1 also shows the values of the parameters of the bell-
shaped membership functions of all variables according to [39, 40]: 

 

  2

1

1

T x
x b
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  
 

,     (1) 

 
where b and c are the parameters of bell-shaped membership function: 
b – coordinate of function maximum; с – coefficient of stretching/ 
concentration.  
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The choice of membership function of bell-shaped type (1) is 
predetermined by its simplicity and flexibility, since it has only two 
parameters and simple derivative, which makes it more convenient for 
further NFHS tuning.  

 
Table 1 

VARIABLES OF NFHS FOR EVALUATING THE INTELLECTUAL CAPITAL  
OF THE BUSINESS COMMUNITY “BOARD”  

Factor Symbol 

Range 

of 

changes 

Linguistic estimation 

(term), value range 

Values of b and c 

of membership 

function (1) 

b c 

Mentors’ IC 

estimation  

S1…Sn 0…100 Low (N), 0…50 

Medium (Sr), 50…75 

High (V), 75…100 

25 

65 

85 

30 

40 

20 

Members’ IC 

estimation 

T1…Th 0…3 Low (N), 0…0.5 

Medium (Sr), 0.5…1.2 

High (V), 1.2…3 

0.4 

0.9 

1.8 

1 

1.2 

1.4 

Integral estimation 

of IC of managers 

of the business 

community 

K 0…100 Low (N), 0…50 

Medium (Sr), 50…75 

High (V), 75…100 

25 

67 

82 

33 

37 

25 

Integral estimation 

of mentors’ IC  

M 0…100 Low (N), 0…50 

Medium (Sr), 50…75 

High (V), 75…100 

20 

63 

85 

30 

40 

15 

Integral estimation 

of members’ IC  

U 0…100 Low (N), 0…50 

Medium (Sr), 50…75 

High (V), 75…100 

27 

60 

82 

35 

40 

25 

Integral estimation 

of IC of the  

business community 

“Board” 

IKB 0…100 Low (N), 0…40 

Medium (SR), 40…60 

Higher than medium 

(VS), 60…80 

High (V), 80…100 

20 

50 

 

70 

90 

25 

20 

 

25 

15 
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The presented in Fig. 2 connections can be described in the 
following functions in general form:  

 

M = fM(S1…Sn);      (2) 

U = fU(T1…Th);       (3) 

K = (K1+K2+K3)/3,      (4) 
 

where K1…3 are the subjective-objective evaluations of the intellectual 
capital of the three founders of the business community “Board” 
based on expert estimations of mentors and members. The founders 
who manage this business are evaluated by both members and 
mentors on the basis of a closed survey. The points obtained are 
reduced to the arithmetic mean first for each founder, and then the 
total score K averaging over them (4). 

The value of the output indicator IKB, i.e. the level of IC of the 
business community “Board”, can be given in the formula: 

 

IKB = fIKB(M, U, K).      (5) 
 

Using experts’ recommendations [32] and basing on the certain 
economic situation, the intellectual capital of the business community 
“Board” can be characterized according to the following levels on a 
100-point scale: 

 IKBV (80-100] – high IC (class А); 

 IKBVS (60-80] – IC higher than medium/average (class B); 

 IKBSR (40-60] – medium IC (class С); 

 IKBN [0-40] – low IC (class D). 
The next stage of building NFHS of evaluating IC of the business 

community “Board” is building the membership functions for all 
factors and the output indicator. The membership functions are 
descriptive ones, which define the range of change in the values of 
variables (input and output) by terms (linguistic estimations of 
indicators, which are proper names for the corresponding fuzzy sets). 
For instance, Fig. 3 demonstrates the membership functions for all 
linguistics terms of the output indicator (the levels of intellectual 
capital of the business community “Board”). 
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Fig. 3. Membership functions for the output indicator  

(intellectual capital levels of the business commuity “Board”)  

To form the final equation of NFHS on evaluating the intellectual 
capital of the business community “Board” by neurolinguistic 
modeling methods, in addition to describing the influencing factors, it 
is necessary to define the dependencies and the impact of these factors 
on the output indicator. For this purpose, on the basis of expert data, 
hierarchical knowledge bases were developed that implement 
dependencies in formulas (2), (3), (5). These dependences are “If-
Then” rules [23, 24, 33-40]. Partial examples of these hierarchical 
knowledge bases are given in Tables 2-4.  

Table 2 

A SEGMENT OF KNOWLEDGE BASE FOR EVALUATING THE MENTORS’ IC  
OF THE BUSINESS COMMUNITY “BOARD” 

S1 S2 S3 … Sn M w 

N N N … Sr N w1 

Sr N Sr … N N w2 

Sr Sr Sr … N Sr w3 

Sr V N … N Sr w4 

… … … … … … … 

V V V … V V w49 

V V Sr … V V w50 
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Table 3 
A SEGMENT OF KNOWLEDGE BASE FOR EVALUATING THE MEMBERS’ IC  

OF THE BUSINESS COMMUNITY “BOARD”  

T1 T2 T3 … Th U w 

N N N … Sr N w51 

Sr N Sr … N N w52 

Sr Sr Sr … N Sr w53 

Sr V N … N Sr w54 

… … … … … … … 

V V V … V V w999 

Sr V Sr … V V w1050 

 

As mentioned above, the evaluation of the intellectual capital of 
management/founders of the business community “Board” is performed 
on the basis of expert evaluations of surveyed mentors and members. 
Value K is equal to the average value of mentors’ and members’ 
assessments on a scale from 0 to 100 points. As for March-April 2022, 
the integral level of IC of managers/founders made up 93 points.  

The knowledge base of the final equation of NFHS for evaluating 
the intellectual capital of the business community “Board” is 
presented in Table 4.  

Table 4 
KNOWLEDGE BASE FOR EVALUATING THE INTELLECTUAL CAPITAL  

OF THE BUSINESS COMMUNITY “BOARD”  

M U K IKB w 

N N N N w1051 

N Sr N N w1052 

Sr N N N w1053 

Sr Sr Sr SR w1054 

N V Sr SR w1055 

V Sr N SR w1056 

Sr Sr V VS w1057 

V Sr Sr VS w1058 

Sr V Sr VS w1059 

V V V V w1060 

V V Sr V w1061 

Sr V V V w1062 
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Operations with these knowledge bases, presented in Tables 2-4, 
are performed in the mathematic package Matlab [41]. In each rule, 
the membership functions of the input factors to the terms specified in 
the rule are integrated using the logical operator “And” (implemented 
by operations of multiplication or minimum) and multiplied by the 
weight of the rule w (in the range from 0 to 1). These weights and the 
parameters of all membership functions are used to tune the model. 
The results of calculations of all rules related to one term of the output 
variable are combined through the logical operator “Or” (summation 
or maximum operations). So, the linguistic expressions presented in 
Table 4 correspond to the following fuzzy logic equations: 

 

N(IKB) = w1051  [
N(M)  N(U)  N(K)]   

 w1052  [
N(M)  Sr(U)  N(K)]   

 w1053  [
Sr(M)  N(U)  N(K)]; 

SR(IKB) = w1054  [
Sr(M)  Sr(U)  Sr(K)]   

 w1055  [
N(M)  V(U)  Sr(K)]  

 w1056  [
V(M)  Sr(U)  N(K)]; 

VS(IKB) = w1057  [
Sr(M)  Sr(U)  V(K)]  

 w1058  [
V(M)  Sr(U)  Sr(K)]  

 w1059  [
Sr(M)  V(U)  Sr(K)]; 

V(IKB) = w1060  [
V(M)  V(U)  V(K)]   

 w1061  [
V(M)  V(U)  Sr(K)]  

 w1062  [
Sr(M)  V(U)  V(K)]. (6) 

 
The values of membership functions in the equations (6) are 

defined by the knowledge bases characterizing the IC of mentors, 
members and founders/managers of the business community “Board”. 
Fuzzy logic equations (6) are mathematic implementation of NFHS of 
IC evaluation of the business community “Board”. 

The defuzzification procedure is the last stage of NFHS 
development and is a reverse transformation of the received fuzzy 
estimate into the exact value of the output variable. There are various 
defuzzification methods, the choice and application of which depends 
on the object of modeling [35, 40]. 
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Due to the peculiarities of NFHS and the output variable, to 
calculate its exact value, we will choose the defuzzification method, 
named “centrifugation method extended” [35]: 

 
1

1

1
1

n
max min

min i
i

n

i
i

IKB IKB
IKB i

n
IKB









 
     






,        (7) 

where n is the number of terms of the variable IKB (in our case n = 4); 

IKBmin, IKBmax are the measurement scale range; i is a membership 
function value. 

Defuzzification procedure provides the final result of the 
evaluation of the business community “Board” intellectual capital 
based on the constructed NFHS.  

In the mathematic package Мatlab 6.1, an experiment was carried 
out using above mentioned method (developed NFHS). Calculations 
for evaluation of IC of the business community “Board” amounted to 
82 points. According to the obtained results of NFHS calculations on 
the evaluating IC of the business community “Board”, we can state 
that it refers to a “high IC” class A (obtained 82 points out of 100).  

Based on the results obtained, it is possible to formulate the 
method of evaluation of the intellectual capital of the business 
community (or/and other economic systems) through the following 
stages:  

 step 1: state the values of influence factors S1…n, T1…h, К1…3; 

 step 2: find the membership levels of influencing factors S1…n, 
T1…h, К1…3, К, M, U, corresponding to the linguistic terms by formula 
(1). The values of the parameters b and c of the membership functions 
are presented in Table 1;  

 step 3: develop the expert knowledge bases for calculating the 
integral variables M, U and IKB of the NFHS; 

 step 4: calculate the integral estimation K of IC of the managers 
of the business community according to the formula (4); 

 step 5: on the basis of the obtained knowledge bases, make 
calculations to find the output value of NFHS; 
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 step 6: to carry out defuzzification procedure (7) and find the 
quantitative output value; 

 step 7: when necessary to perform optimization procedure for 
the NFHS. 

The proposed cognitive approach to developing NFHS is an 
effective instrument for modeling and visualizing managerial deci-
sions on the development of complex economic systems (for instance, 
evaluation of the intellectual capital) through integration of quanti-
tative factor analysis and expert evaluation of qualitative indicators 
and systemic relations between them. The potential of the cognitive 
approach to solving economic problems is determined by infeasibility 
of some methods of economic forecasting and extrapolation in condi-
tions of complex, instable, irregular or crisis economic situation [42]. 
The standard methods are meant for defining steady trends, therefore 
any available transition processes can distort modeling results.  

The developed NFHS of evaluating IC of the business community 
“Board” can be regarded as a typical one for the given class of 
objects. The methods proposed in its construction can be applied for 
evaluation of other economic processes characterized by fuzzy 
relations between input and output parameters, significant difficulties 
at formalization of influence factors, possibility to use experts’ 
linguistic expressions for building a system, etc. 

On the basis of the obtained results we will develop an economic 
mechanism of managing the IC of the business community “Board” in 
conditions of digitalization, which will refer to the category of 
“flexible management models” (see Fig. 4).  

The mechanism of managing the intellectual capital of the business 
community “Board” is based on the fact that the management of 
business community evaluates and elects mentors as the main IC 
bearers. These have to pass their knowledge and skills to other 
members of business community. The manager-mentor relationship is 
of utmost importance for the success of the business community, 
especially in a highly competitive environment. While endorsing 
decisions on evaluating IC of managers and mentors of the business 
community “Board”, it is also important to take into consideration 
differences of opinion between experts (mentors), because these have 
restricted rationality, which does not concern their proficiency.  
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Fig. 4. IC management of the business community “Board”  

The relation manager-member in this model is of lesser value, 
since the main task of business community is to spread innovative 
knowledge and technologies. Therefore, a member can have any IC, 
but must aspire to increase and capitalize it in his own business 
(although in certain conditions, the management of business 



Ne u ro - Fu zzy  M o de l i n g  Te c hn i q ue s  i n  E co n o m i cs  2022, VOL. 11 

42 

community can influence it indirectly, not accepting candidates with a 
low IC as a member). The member’s IC level is calculated by his 
Tobin’s q, which is the most economical factor in the system. The aim 
of business community is to increase the member’s Tobin’s q 
incorporating knowledge technologies. In their activity, the manage-
ment of the business community monitors a member’s Tobin’s q. If it 
shows growth, it testifies the rise of the intellectual capital of the 
whole business community.   

Thus, it is a simultaneous aim of both a member and the 
management, while the mentor acts as a means of achieving it. It is on 
the basis of the NFHS, does the management of the business 
community makes corresponding managerial decisions, mainly 
involving mentors with certain competencies and knowledge, who can 
influence the performance of other members of the business 
community. Thus, there is a bilateral connection between the 
management, mentors and members of the business community in the 
system of general IC evaluation, as seen from Fig. 4. But it should be 
noted once again that the main element in the management decision-
making system is the business community’s management. 

Conclusions and prospects of further research 

Cognitive approach [43] on the basis of neuro-fuzzy methodology 
is an effective mechanism of modeling the managerial decisions for 
the development of complex economic systems, to which we refer the 
process of managing the intellectual capital of business communities 
due to integration of the analysis of quantitative factors and expert 
evaluations of system relations among them. The perspectivity of 
applying the cognitive approach to solving economic problems (not 
only IC evaluation and management) is explained by infeasibility of 
some methods of economic forecasting (extrapolation) in conditions 
of difficult, instable, ambiguous, irregular or crisis dynamics of the 
economic situation development. To solve this problem, hybrid neuro-
fuzzy techniques are best suited, which served as the basis for the 
author’s approach and the developed NFHS for evaluating the 
intellectual capital of the business community “Board”.  
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In this neuro-fuzzy hybrid system for managing IC of the business 
community, several features are considered – the IC of leaders, 
mentors and members, which are integrated into one common value 
using the convolution procedures of the fuzzy logic apparatus. 

The organizational and economic mechanism of managing the 
intellectual capital of the business community can be incorporated in 
the structure of the management system, which determines the regular 
firm connections and relations within the community, the main 
directions of managerial influence, that provide the integrity of the 
whole mechanism. Like any other management system, the 
organizational and economic mechanism of managing the intellectual 
capital consists of two subsystems: ruling and ruled, both being in 
dialectic interrelation. The ruled subsystem in this case is presented by 
the intellectual capital and its functions. The structure and the content 
of the ruling system is the basis of the IC management mechanism of 
the business community and is realized by the developed NFHS.  

The developed neuro-fuzzy hybrid system for managing the 
intellectual capital of the business community “Board” can be 
regarded as a typical one for the given class of problems. The methods 
underlying it can be applied to evaluate other economic processes 
characterized by fuzzy relations between input and output parameters, 
significant difficulties at formalization of influence factors, possibility 
to use experts’ linguistic expressions for building a system, etc. 
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The central place at the formation of agent behavior at enterprises is 
the study of decision-making procedures and factors that mediate their 
choice. To determine the values of the reflexive characteristics of 
agents in the framework of management of herd behavior at 
enterprises a new approach is proposed based on questionnaire 
methods, the apparatus of the theory of fuzzy sets and neural network 
modeling. 
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Introduction 

The study of decision-making procedures and the factors 
determining their choice occupies a central place in the formation of 
the behavior of agents at enterprises. In modern conditions of 
managing enterprises, which are determined by the instability of the 
external and internal environment and the need to take into account 
and process a large amount of information from various information 
sources. It becomes especially relevant to take into account irrational 
components in the decision-making process. If there is not enough 
information to make decisions or if there is no possibility of its 
independent processing, the decisions made by agents at enterprises 
can be based on the observed decisions or representations of other 
agents, which creates conditions for manifestations of herd behavior. 
The prerequisites for the manifestation of herding at enterprises are 
due to cognitive distortions in judgments, among which one can single 
out conformism, the effect of familiarity with the object, preference 
for zero risk, submission to authority, etc. 

Indeed, the above cognitive distortions reflect the essence of 
reflexive processes in decision-making by economic agents in the 
process of herd behavior and affect not only the decision-making 
process, but also its result. Nobel laureates of different years have 
been investigating this issue. Thus, M. Allais was one of the first in 
his works to refute the rationality of the behavior of economic 
agents [1]. D. Kahneman and A. Tversky [2] proved that the same 
decision can have different values for agents with respect to any 
reference point (for example, from the initial state of the individual or 
from the situation in which the decision was made). R. Thaler studied 
cognitive distortions in judgments that manifest themselves in the 
decision-making process of economic agents and can lead to 
inaccurate judgments, incorrect interpretation of information or 
demonstration of irrationality in behavior and economic decision-
making [3]. 

Such effects of irrational behavior and associated manifestations of 
herd behavior are actively studied by scientists in a variety of subject 
areas: in financial [4] and consumer’s [5, 6] markets, bank lending [7], 

https://www.researchgate.net/publication/373327492_Unveiling_herd_behavior_in_financial_markets?_sg=eqN6huqXxdjosC4M01tBlVkldYH00ztSZJGocGJ63Z528qpaI6F4Ubr7rOJxjGD0rZfg7SHyleP6ya8&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6Il9kaXJlY3QifX0
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cooperative behavior of people in society [8], etc. For example, in 
article [8] modeling of human behavior types with usage of Kohonen 
self-organizing maps is carried out on the basis of laboratory 
experiments “Public good” outcomes, and interpretation of the results 
in terms of “reciprocity” and “free-rider” behavioral hypotheses. The 
works of V. Danich and K. Shekhovtsova [9], S. Solodukhin [10], 
I. Stashkevych [11, 12] and others are devoted to studies of the 
influence of reflexive components on the decision-making process and 
related manifestations of herd behavior at the level of enterprises.  

So, in [9] it is pointed out that there is an indirect impact on the 
activities of enterprises through fluctuations in exchange rates in 
financial markets and the associated currency panics and hype. 
S. Solodukhin conducted research on the manifestations of the herd 
behavior of agents in the internal and external environment of 
enterprises [10], in which the author substantiates the expediency of 
forming a base of typical models for studying the subject area. 
However, it should be noted that the models presented in [9, 10] are 
quite general, which implicitly take into account the reflexive 
characteristics of the decision-making process by agents. In addition, 
the authors do not divide the features of accounting for the selected 
characteristics within the proposed models and present them as 
generalized categories and parameters, which makes it difficult to use 
the models given in [9, 10] to solve the problems of managing herd 
behavior at enterprises. 

In [11, 12] the authors proposed conceptual provisions for 
minimizing the resistance of personnel to organizational changes at 
enterprises, within the framework of which they developed: an 
approach to assessing the level of support for organizational changes 
in the team after information interaction between employees; 
approach to decision-making in the field of management by 
minimizing the resistance of personnel to organizational changes 
at the enterprise using elements of herd behavior based on a 
reflexive approach.  

In [11] the authors considered the influence of conformism, as a 
special case of the manifestation of herd behavior, on the results of 
decision-making by agents, but did not present a methodology for 
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determining the values of reflexive characteristics of agents, which 
should be decisive in managing the manifestations of herd behavior in 
enterprises. Similarly, the works [13, 14] examines how the reflexive 
characteristics of agents affect the level of agreement of goals in the 
group without indicating specific methods for determining such 
characteristics. 

Thus, due to the lack of effective mechanisms for identifying and 
numerically assessing the values of reflexive characteristics of agents, 
in order to determine the main parameters of the decision-making 
process by agents and effectively manage the manifestations of herd 
behavior at enterprises, it is necessary to develop an appropriate 
methodology using methods of economic and mathematical modeling. 

The objective of the article is to develop a new method for 
assessing the values of reflexive characteristics of agents within the 
framework of management of herd behavior at enterprises using 
methods of economic and mathematical modeling. 

Methodology 

Understanding herd behavior as a result of decision-making 
strategy by management agents, which is not based on rational 
judgments, but is focused on imitating more authoritative and/or other 
economic agents when making decisions, the main reflexive 
components of the decision-making process by economic subjects are 
defined in [12-14]: awareness of agents, their competence, authority, 
propensity to imitate and intentional orientation. 

Considering the qualitative nature of these categories, the 
subjectivity of their assessments and weak formalization, there is a 
need to use mathematical tools that are designed to process fuzzy, 
linguistically defined characteristics. An effective tool for solving 
such problems is the theory of fuzzy sets by L. Zadeh [15]. 

Moreover, each of these categories depends on many factors 
influencing it, the list of which and the degree of influence are also 
not determined by any objective circumstances and can be set by 
analysts depending on their own understanding of their essence. 
Dependence on the subjective opinion of individual experts can be 
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reduced by using special modeling methods that can identify patterns 
in the structure of an array of heterogeneous data when there are no 
predetermined values of the resulting indicator. 

In such conditions, the cluster approach is the most suitable tool 
for searching for hidden patterns in sets of explanatory variables. As a 
result, it becomes possible to form fairly homogeneous groups of 
studied objects characterized by similar properties. 

Consequently, within the framework of the toolkit for diagnosing 
manifestations of herd behavior, based on the fuzzy sets formed at the 
first stage, clustering is carried out both in order to determine the 
numerical values of the degree of awareness, competence, authority, 
propensity to imitate and intentional orientation of agents, and for the 
identification of a potential circle of agents on which the control 
actions of the mechanism of reflexive management of herd behavior 
will be directed. 

The sequence of assessing the values of the characteristics of 
agents within the framework of our concept of modeling processes of 
reflexive management of herd behavior at enterprises includes the 
following main stages: 

1. Questionnaire of agents according to directions of assessing the 
reflexive characteristics. 

2. Formation of fuzzy sets for all characteristics based on the 
results of questioning agents. 

3. Clustering agents according to directions of identifying reflexive 
characteristics. 

4. Determination of the values of reflexive characteristics of agents 
and the potential circle of agents for reflexive management of herd 
behavior to achieve goals in the enterprise. 

Let’s consider each of the stages in more detail. 
Due to the fact that in the process of manifestation of herd 

behavior the same agent can be both a managed and a managing, we 
will further use the term “management agent”.  

The determination of the values of the characteristics of the agents 
will be carried out by the method of questionnaires in the directions of 
identifying the relevant parameters within the framework of the object 
model of reflexive management of herd behavior at enterprises [13, 14]. 
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To do this, questionnaires are initially drawn up according to five 
directions of identification: 

it  – agent’s awareness of the i-th agent at the moment of time t;  

it  – competence of the i-th management agent at the moment of 

time t;  

it  – authority of the i-th management agent at the moment t;  

i  – propensity to imitate the i-th agent;  

itv  – estimates of intentions (the value of a particular decision for a 

particular management agent) of the i-th agent at the moment of time t. 
Let the questionnaire for each of the directions includes K 

questions 1k ,K , each of which contains a list of L possible answers 

1l ,L . At the same time, the questions of the questionnaire should 

be formed in such a way that the options for answers to them by the 
respondents (agents) decrease the value of the degree of a particular 
characteristic as they descend. Answers to questions should be 
formulated variably and unambiguously so, that the respondent can 
choose one of the listed options.  

To compose questions in the area of revealing reflexive 
characteristics, one can use, for instance, the studies of the famous 
British psychologist R. Cattell [16] and D. McClelland competence 
tests [17]. In addition, we assign a linguistic term to each of the 
answer options, which characterizes the degree of approximation of 
the value of a particular characteristic to its maximum possible value. 
To formalize the degree of such membership and further use within 
the framework of the mechanism of reflexive management of herd 
behavior at enterprises [14], we apply the theory of fuzzy sets by 
L. Zadeh [15], which is widely used by researchers to solve various 
types of problems of intellectual data processing using linguistic 
variables and qualitative characteristics of research objects. L. Zadeh 
expanded the classical concept of a set, assuming that the 
characteristic function (membership function for a fuzzy set) can take 
any values in the interval [0; 1]. 

To survey agents, questionnaires will be used that implement, 
respectively [14]: 



Ne u ro - Fu zzy  M o de l i n g  Te c hn i q ue s  i n  E co n o m i cs  2022, VOL. 11 

54 

methodology for determining the propensity to imitate and 
authority of agents, based on the modified structure of the 
questionnaire by R. Cattell [16]; 

methodology for determining the competence of management 
agents in enterprises based on the modified structure of the 
D. McClelland questionnaire [17], as well as competence clusters of 
L. Spencer and S. Spencer [18]; 

a method for determining the value of a decision for a management 
agent based on the prospect theory of D. Kahneman and A. Tversky 
[2] and considering a decision with respect to any reference point (the 
personal well-being of the agent and the enterprise); 

a method of assessing awareness, which is based on identifying the 
degree of reliable knowledge of the agent about the actual state of the 
object (alternatives of the decision) and the circumstances affecting it. 

To determine the propensity to imitate and the authority of agents, 
we will use the elements of the 16-factor personality model of 
R. Cattell [16]. The British psychologist R. Cattell in his research 
proposed a model of personality and created an appropriate 
psychodiagnostic technique based on a questionnaire that allows you 
to evaluate each of these factors. In the framework of our study, we 
will use elements of the methodology of R. Cattell (form A), which 
allows us to determine the specificity of the character, inclinations and 
interests of the individual. At the same time, to assess the agent’s 
propensity to imitate, we will use the adapted questionnaires of R. 
Cattell according to the clusters identified within the framework of the 
methodology, which correspond to the characteristics of the agents’ 
behavior: 

cluster E, by means of which the conformity / dominance of the agent 
is assessed (adapted for use in determining the values of reflexive 
characteristics of agents in the process of managing herd behavior in 
enterprises; adaptation consists in changing the direction of assessing 
the results of the survey, i.e. the highest value of points is interpreted 
as a high degree of propensity to imitate, and the least – as low); 

cluster Q1, by means of which the conservatism / radicalism of the 
agent is assessed (note that the increased degree of radicalism of the 
individual contributes to the rapid decision-making on imitation); 
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cluster Q2, by means of which the dependence on the group / self-
sufficiency is assessed (similarly to cluster E, it is adapted for use in 
determining the values of reflexive characteristics of agents in 
managing herd behavior at enterprises; adaptation consists in 
changing the direction of assessing the results of the survey, i.e. the 
highest score interpreted as a high degree of dependence on the group, 
and the smallest – as low). 

So, to assess the agent’s propensity to imitate in the decision-
making process, the questionnaires contain 1,33k   questions, each 

of which includes a list of possible answers 1,3kl 
 , according to the 

method adapted by R. Cattell. In this case, the function ( )kk l
x    

takes values in some linearly ordered set of memberships  

M = {0; 0.5; 1}. For example, for question 28 of the questionnaire 
about the propensity to imitate “It is easier for me to solve a difficult 
question or problem”: 

 

28

28

28

28

28

0, 1 ;

( ) 0.5, 2 ;

1, 3 .

l

l if I think about them alone

x l right in the middle

l if I discuss them with others



 







 


 




 

 

Thus, the set  contains a complete list of membership functions 
for all 33 questions and answer options to guide the identification of 
the propensity to imitate management agents. 

Similarly, fuzzy sets are formed to assess the authority of agents 
within the framework of the mechanism of reflexive management of 
herd behavior at enterprises. At the same time, to assess the authority 
of the agent, adapted questionnaires by R. Cattell according to the 16-
factor model of personality (Form A of the questionnaire) are used, 
namely questions corresponding to: 

cluster Q3, with the help of which low / high conceit of the agent 
is estimated; 

cluster E, which evaluates the conformity / dominance of the agent 
(the highest score is interpreted as a high degree of dominance in the 
group, and the lowest – as low). 
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According to the adapted method of R. Cattell, the developed 

questionnaires contain 1,3k   questions regarding the assessment of 

the authority of agents, each of which contains a list of possible 

answers 1,3kl 
 . The function ( )

kk l
x

   takes values in some 

linearly ordered set MB = {0; 0.5; 1}. The set B contains a complete 
list of membership functions for all questions and answer options to 
guide the identification of the authority of management agents. 

We will determine the competence of management agents at enter-
prises using the modified structure of the D. McClelland questionnaire 
[17] and competence clusters of L. Spencer and S. Spencer [18]. Here, 
to assess the competence of agents, the possibility of using 
generalized competence models for technical specialists, proposed in 
[18] as a development of the ideas of D. McClelland, is considered. 
The model highlights key competencies, among which the most 
significant are: achievement, impact and influence, conceptual and 
analytical thinking and initiative. Thus, to assess the competence of 

agents, the questionnaires contain 119k ,

  questions, each of which 

includes a list of possible answers 1 5kl ,

 . Accordingly, the function 

 kk l
x

   takes values in some linearly ordered set [0;1]M

  from 

the membership set  0; 0.25;0.5;0.75;1M

 . The set ϒ contains a 

complete list of membership functions for all questions and answer 
options to identify the competence of agents. 

Questionnaires and corresponding fuzzy sets in the direction of 
awareness contain questions and corresponding answer options 
developed on the basis of understanding the definition of agent 
awareness, which implies the degree of his reliable knowledge about 
the actual state of the object (alternatives of the decision being made) 

and the circumstances affecting it, and contain 1 8k ,   questions, 

each of which includes a list of possible answers 1 5kl ,

 .  

At the same time, the key factors are: the sources of obtaining 
information, the reliability of the facts and information used in the 
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decision-making process, the frequency of using distorted informa-
tion, the completeness and efficiency of obtaining the necessary 
information in the decision-making process and the degree of general 
awareness of the agent about the decision being made. The degrees of 
belonging are described as follows: for example, for the first question 
of the agent’s awareness assessment questionnaire: 

 

1

1

1

1

1

1

0, 1
;

0.25, 2 ;

( ) 0.5, 3
;

0.75, 4

l

I don't use sources. I use only existing 
l

knowledge

l information from management

information from management and 
x l

which is discussed with employees

informati
l





 











 



1

;

1, 5
.

on from management and 

official information resources on the topic

studied the topic in detail using all 
l

available official information resources















 



 

 

Moreover, in terms of the mechanism of reflexive management of 

herd behavior at enterprises, the membership function ( )kk l
x    

expresses how agent i is informed at the moment of time t. The 

function ( )kk l
x    takes values in some linearly ordered set 

 0;1M  and consists of five elements according to the number of 

possible answers in each of the questions:  0; 0.25;0.5;0.75;1M  . 

The set A contains a complete list of membership functions for all 
questions and answer options to identify the awareness of 
management agents. 

In the same way, fuzzy sets are formed for the questions of 
questionnaires to determine the intentional orientation of agents (the 
value of the decision made for management agents). In this case, the 
value of particular decision for the agent is estimated according to the 
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prospect theory of D. Kahneman and A. Tversky [2] and is considered 
relative to any reference point (the personal well-being of the agent or 
the enterprise). 

Due to the fact that the theory of fuzzy sets in a certain sense is 
reduced to the theory of probability [15], the value of the membership 
function can be considered as the probability of covering an element, 

for example kk l
x   , by some random set. Then, from the point of view 

of the mechanism of reflexive management of herd behavior at 

enterprises ( )kk l
x    can be interpreted as the probability that agent 

will make a choice of some decision. 
At the same time, under the fuzzy set A of the degree of awareness 

of agents at a moment t we will understand the set of ordered pairs 

made up of elements kk l
x    of the universal set X

 and the 

corresponding degrees of membership  kk l
x   : 

 

      k k k kk l k l k l k l

AA x , x x X , x M      

    . (1) 

 

If  0 1AM , , that is, it consists of only two elements, then the 

fuzzy set can be considered as an ordinary crisp set. 
Similarly, fuzzy sets will be formed for each of the other selected 

reflexive characteristics of agents within the framework of the 
mechanism of reflexive management of herd behavior at enterprises. 

So, to determine the competence of the management agent, we get 
the set: 

 

      k k k kk l k l k l k l
x , x x X , x M

      

      , (2)  

 

where X 
 is the universal set of 

kk l
x

  . 

To determine the authority of agents, we get a set: 
 

   , ( ) , ( )
k k k kk l k l k l k l

x x x X x M
      

      ,  (3)  
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where X 
 is the universal set of 

kk l
x

  .  

To determine the propensity of agents to imitate in the decision-
making process, we obtain the following set: 

 

   , ( ) , ( )k k k kk l k l k l k l
x x x X x M      

      , (4)  

 

where X
 is the universal set of kk l

x   .  

In turn, to determine the intentional orientation of agents in the 
decision-making process at the moment of time t, we obtain a set: 

 

   , ( ) , ( )k k k kk l k l k l k l
x x x X x M      

      , (5)  

 

where X
 is the universal set of kk l

x   . 

So, for example, according to the results of the survey of the  
i-th agent Ai, his awareness 

it  at the moment of time t will be 

determined by the answers 
*
kk l

x   , 1 8k ,  , where the parameter *

kl 
 

will be the answer chosen by the agent from the list of options L to 
the question k : 

   1
*
kk l*

itA x X ,k ,K 

    . (6) 

Then, the set of fuzzy representations of the results of the 
questionnaire in the direction of identifying the degree of awareness 
of the agent will have the following form: 

 

  
* *

( )k kk l k l

it itA x x X  

  .  (7)  

 

In this case, the set of fuzzy sets of agent survey results in all 
directions of revealing the reflexive characteristics of agents will 

correspond to the sets , , , ,      (Table 1). 



Ne u ro - Fu zzy  M o de l i n g  Te c hn i q ue s  i n  E co n o m i cs  2022, VOL. 11 

60 

Table 1 

SETS OF FUZZY REPRESENTATIONS OF THE RESULTS OF QUESTIONNAIRES OF REFLEXIVE 

CHARACTERISTICS OF AGENTS 

Reflexive characteristics Sets of survey results 
Sets of fuzzy representations of 

survey results 

it  – i-th agent’s awareness 

at the moment t  
*
kk l*

itA x X 

    
* *

( )k kk l k l

it itA x x X  

   

it  – competence of a 

management agent i at the 
moment t 

 
*
kk l*

itx X
 

     
* *

( )
k kk l k l

it itx x X
  

    

it  – authority of the 

management agent i at the 
moment t 

 
*
kk l*

itx X
 

     
* *

( )
k kk l k l

it itx x X
  

    

i  – propensity to imitate of 

a management agent i  
*
kk l*

ix X 

     
* *
k kk l k l

i i( x ) x X  

    

itv  – assessment of 

intentions of i-th agent at the 
moment t 

 
*
kk l*

itx X 

     
* *

( )k kk l k l

it itx x X  

    

 

After obtaining the results of identifying the reflexive 
characteristics of agents to determine the degree of awareness, 
competence, value of a decision for a particular agent at the time t, the 
authority of agents and the propensity to imitate, the formed fuzzy sets 
must be grouped and processed so that the numerical values of the 
indicated parameters for each agent can be determined. And since for 
the task of assessing the reflexive characteristics of agents there is no 
generally accepted indicator and scale of its measurements, there is a 
need to solve the problem of searching for patterns of behavior of 
different groups of agents and regularities in their reactions to 
different influences. This problem is solved by clustering the obtained 
fuzzy values of reflexive characteristics in the relevant areas of 
analysis of the decision-making process. It should be noted that the 
purpose of such a clustering will be not only the numerical 
determination of the reflexive characteristics of agents, but also the 



MODELING THE VALUES OF REFLEXIVE CHARACTERISTICS… S. Turlakova 

61 

identification of a potential circle of agents on which the control 
actions of the mechanism of reflexive management of herd behavior 
will be directed. 

There is a wide range of cluster analysis methods: K-means [19], 
K-medoids [20], Principal Component Analysis (PCA) [21], t-
Stochastic Neighbour Embedding (t-SNE) [22], Dendrogram Method 
[23], Dendrite Method [24], Density-Based Spatial Clustering of 
Applications with Noise (DBSCAN) [25], Uniform Manifold 
Approximation and Projection (UMAP) [26], Balanced Iterative 
Reducing and Clustering Using Hierarchies (BIRCH) [27], Self-
Organizing Maps (SOM) [28-30] and its variation – SOM algorithm 
with C-Weighted Medoids for dissimilarity data (RBSOM-CWMdd) 
and Batch SOM algorithm with Adaptive Heuristic C-Weighted 
Medoids for dissimilarity data (RBSOM-ACWMdd) [31], etc.  

Each of these methods has its own advantages and areas of 
application and tasks where it works best. Experimental comparisons 
of the effectiveness of various clustering methods are described, in 
particular, in the papers [31-34]. 

Considering the capabilities of each of the mentioned methods, the 
small size of the database and the fuzzy nature of the analyzed 
indicators, in this study the toolkit of Kohonen self-organizing maps 
was chosen, which, in addition to the formation of homogeneous 
groups of studied objects, provides a convenient tool for visual analysis 
of clustering results. In particular, unlike other clustering methods, the 
location of an object on the Kohonen map indicates to the analyst how 
developed the characteristic under study is in comparison with others, 
since the best and worst objects according to the analyzed reflexive 
characteristic are located in opposite corners of the SOM. 

Thus, to assessing the values of reflexive characteristics in terms of 
determining the degree of awareness of agents, competence, authority, 
propensity to imitate and intentional orientation, we will use the 
Kohonen neural network. In this case, we will supply the values of 
membership functions to fuzzy sets of the results of questioning 
agents to the inputs of the neural network. 

A self-organizing map is a neural network without feedback, 
which is configured using an unsupervised learning algorithm by 
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identifying unknown patterns and structures in the given indicators of 
the objects under study. The learning algorithm provides a mapping of 
a high-dimensional space onto a low-dimensional map, while 
maintaining its topological structure. The topology-preserving 
property means that, as a result of self-organization, similar input data 
vectors are projected onto neurons located close to each other on the 
Kohonen map. 

A self-organizing map is formed from neurons, each of which is 
connected to all neurons of the input layer (Fig. 1) [28-30].  
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Fig. 1. The structure of the Kohonen neural network 

 
In self-organizing maps, neurons are located at the nodes of a 

lattice, most often one- or two-dimensional. When constructing a two-
dimensional lattice, an orthogonal or hexagonal structure is usually 
chosen (the hexagonal ordering of neurons on the Kohonen map 
makes it possible to visually represent the result of clustering objects 
more qualitatively).  

The neurons of the input layer do not convert the input signals – 
they only transmit them to all elements of the self-organizing map. 
Each neuron of the Kohonen layer receives information regarding the 
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object of study in the form of a vector consisting of sets obtained as a 

result of questioning the studied agents  
* *

( )k kk l k l

it itA x x X  

  .  

When a new data vector arrives at the input layer of the network, 
all neurons of the self-organizing map compete to become the winner. 
As a result of such a competition, the winner is the neuron that is most 
similar to the input data vector. According to [28], the measure of 
such similarity of the data vector to each neuron can be determined by 
calculating the Euclidean distance: 

 

 
*

2

1

( ) , 1,k

K
k lj j

it k

k

x w x w j M


 









    , (8)  

 

where x is an input vector that consists of answers to the questions of 

the agents’ questionnaire  
* * *1

( );...; ( );...; ( )k k kl k l K l

it it itx x x      ; 

jw
 is a parameter vector of the i-th neuron of the Kohonen map, 

which consists of elements  1

j j j

k Kw ,...,w , ...,w
 

;  

M is the number of neurons in the Kohonen map. 
The winner in such a competition of self-organizing map neurons 

is one neuron that is most similar to the vector of input data according 
to the Euclidean distance (8). Its output will be one, the states of all 
other neurons of the SOM are equal to zero: 
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


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
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  
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 (9)  

 

Function (9) implements the “winner-take-all” rule of competition 
[28, 35]. After finding the neuron-winner with respect to the input 
data vector, its parameters and the neurons closest to it are adjusted in 
a certain neighborhood in the direction of the input vector, taking into 

account the coefficient of learning rate () and the function of the 

distance to the winner hoj() [28–30, 35-37]: 
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 ( 1) ( ) ( ) ( ) x( ) ( ) , 1,j j j

ojw w h w j M                
, (10)  

 

  
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r r
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 
 

, (11)  

 

where 
o jr , r  are the coordinates of the neuron-winner o and the j-th 

neuron (on the map); 
σ(τ) is an effective width of the topological region (a specially 

chosen monotonically decreasing function of iteration number τ, for 
example, a linear or exponential). 

As training progresses, the size of the topological region gradually 
decreases, and each new input data vector affects an ever smaller 
number of neurons. At the end of training, the parameters of only the 
nearest neighbors of the neuron-winner can be modified, and possibly 
only the winner itself. 

The result of the tuning process will be the calculation of the 
parameters of the Kohonen layer neurons, which will correspond to 
various examples from the training set. In this way, the structure of 
the Kohonen map self-organizes, which acquires the ability to 
combine multidimensional data vectors into clusters by detecting 
similar statistical characteristics in them. As a result, the initial high-
dimensional space is projected onto a two-dimensional map. Because 
self-organizing maps are characterized by the generalization property, 
they can recognize input examples that were not used when they were 
trained – the new input data vector corresponds to the map element on 
which it is mapped. 

An important applied value of interpreting the results of Kohonen 
SOM clustering is the possibility of obtaining representatives of 
specific clusters and calculating their average values, which are 
determined by the network neurons parameters and represent the 
centers of clusters. Next, the value of the corresponding reflexive 
characteristics of each of the agents in the obtained clusters after 
processing by the neural network will be given the value of the 
parameters of the neuron that determines the center of the cluster. Thus, 
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as a result of the classification of the input vectors of data according to 
the directions of determining the values of the reflexive characteristics 
of the agents, we will get the typical values of the required parameters 
for agents representing a particular cluster [12-14]. These clusters 
correspond to different patterns of agents’ characteristics, which 
provides reasoned grounds for considering the clusters to correspond to 
individual classes of agents’ reflexive behavior. 

Thus, as a result of neural network processing of data from agent 
questionnaires in the direction of determining the degree of awareness 

of agents, we will obtain a set of parameter values   1it , i ,N   . It 

was previously determined that from the point of view of the concept 
of reflexive management of herd behavior at enterprises, we will 

interpret the parameters kk l

itx   as the probability, that at the moment 

of time t the agent i is fully informed about the area of the decision 

being made. In this case, the translation of the obtained values 
it  into 

the initial metric of linguistic parameters is not necessary. 
Similarly to the considered example of clustering using self-

organizing maps, after processing the results of the questionnaire in 
the directions of determining competence, authority, propensity to 
imitate and intentional directions (decision value) of agents, we obtain 
the following sets: 

  1it , i ,N    – set of values that determine the competence of 

management agents at the moment of time t;  

  1it , i ,N    – a set of values that determine the authority of 

management agents at the time t; 

  1i , i ,N    – a set of values that determine the propensity to 

imitate agents; 

  1itv ,i ,N    – from the point of view of the concept of 

reflexive management of herd behavior at enterprises, 
itv  can be 

interpreted as an intentional orientation to make a choice of a certain 
decision for a specific agent i (or as a probability that at the moment t 
agent i is ready to make a choice of certain decision). 
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Experiment results 

We will test the proposed approach for calculating the reflexive 
characteristics of agents in the framework of managing herd behavior 
at Novokramatorsky Mashinostroitelny Zavod using the example of 
agreeing on a decision on the choice of a commercial offer for 
suppliers of components for the manufacture of an electric overhead 
foundry crane. 

The manufacturing of engineering products, in particular cranes, is 
a science-intensive and expensive process. At the same time, on 
average, one engineering product of the plant accounts for about 50% 
of purchased components. To organize such purchases for each of the 
projects, tenders are held for suppliers and options for commercial 
proposals are drawn up for the full list of necessary components for 
the order. Thus, the decision by the tender commission to select 
suppliers for the purchase of components for the production of a crane 
from two options of commercial proposals is an extremely important 
decision due to the high cost of purchased parts, which necessitates 
the assessment of the reflexive characteristics of agents, including for 
the management of the agents’ decision-making process. 

The tender commission consists of: 1 chairman of the tender 
commission; 3 representatives of the audit commission; 1 accounting 
representative; 1 lead design engineer; 1 constructor of the 1st 
category; 2 representatives of the pricing and cost management 
department; representatives of the procurement department in the 
areas of purchase of components, including 3 representatives of the 
bureau of purchase of electrical equipment, 2 representatives of the 
bureau of purchase of gearboxes, 2 representatives of the bureau of 
purchase of hardware products, 2 representatives of the bureau of 
purchase of rubber products, 2 representatives of the bureau of 
purchase of bearings. 

For the convenience of carrying out calculations and analyzing the 
results obtained, we denote the agents conditionally as Agent 1, 
Agent 2, etc. up to 20 by the number of agents participating in the 
approval of commercial proposals, and assign them the appropriate 

indexes 1 20i , . 
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The data of the survey of agents regarding the decision to choose a 
commercial proposal for the purchase of components for an electric 
overhead foundry crane, according to the questionnaires in the 
direction of identifying the degree of awareness of agents, converted 
into membership functions, are given in Table 2. 

Table 2 

THE RESULTS OF THE SURVEY OF AGENTS IN THE DIRECTION OF IDENTIFYING  

THE REFLEXIVE CHARACTERISTIC “AWARENESS” (SET 
*A ) 

№ of question  
k 

Agent i 
1 2 3 4 5 6 7 8 

Agent 1 0 0.25 0.75 0.5 0.75 0.5 0.75 1 

Agent 2 1 1 1 0.5 0.5 0 0.75 0.5 

Agent 3 0.5 0.75 1 0.5 0.75 1 1 1 

Agent 4 0 0.5 1 0.75 0.75 0.75 0.75 1 

Agent 5 1 1 0.5 0.75 0.75 0.25 0.75 0.25 

Agent 6 0.75 1 1 0.75 0.5 0 0.5 0.5 

Agent 7 0 0.75 1 0.75 0 0.75 0.25 0.5 

Agent 8 1 0 1 1 0.25 0.25 0.75 1 

Agent 9 1 1 0.75 0.5 0.5 0.5 0 0.75 

Agent 10 1 1 0.5 0.5 1 0.5 0.75 1 

Agent 11 0.5 0.75 0.75 0.75 0.75 0.5 0.5 1 

Agent 12 0.5 0.75 1 1 0.5 0.75 1 0.25 

Agent 13 1 0.25 1 0.5 0 0.75 0.5 0.5 

Agent 14 1 0 0.75 0 1 1 0.5 0.75 

Agent 15 0.5 0.75 1 0.75 0.75 0.5 0.75 0.5 

Agent 16 0.25 0.5 0.75 0.75 0.75 0.5 0.5 0.75 

Agent 17 0.75 0.25 0.75 0.5 0.5 0.75 0.5 1 

Agent 18 0.75 0.25 1 0.75 1 0.25 0 0.5 

Agent 19 0.5 0.75 0.5 0.75 1 0.25 0.75 0.5 

Agent 20 0.5 0.25 0 1 1 0.75 0.5 1 
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Similar tables based on the results of questioning agents are 
calculated for all areas of revealing the reflexive characteristics of 
agents. Note, that since membership functions describe possible 
answers ranging from 0 to 1, then preliminary data normalization is 
not required for further calculations and analysis. 

In the framework of this study, to determine the values of the 
reflexive characteristics of agents in the process of managing herd 
behavior at enterprises using Kohonen maps, we will use the 
analytical platform Deductor Studio. Fig. 2 shows the self-organizing 
map built on the basis of the data of Table 2, classifying agents 
according to their answers to questionnaires in the direction of 
revealing the reflexive characteristics “awareness”. 

 

 

Fig. 2. Clustering of agent survey results in the direction of awareness 

As a result of clustering using the Kohonen map, 4 clusters were 
obtained (0–3, the numbering of which can be seen from the coloring 
on the horizontal bottom line).  

Let us analyze the distribution of control agents between clusters. 
As can be seen in Fig. 3, there are 4 agents in cluster 0: 9, 10, 14 
and 17. 
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Fig. 3. Characteristics of the cluster 0 of SOM clustering results in the 
direction of revealing agent awareness  

So, according to the proposed method, to numerically determine 
the awareness of agents, we assign the average value among 
all indicators, characterizing awareness, for agents who are 
included in the cluster. Then the value of the required reflexive 
characteristic “awareness” for each of the cluster agents will be 

9 10 14 17 0 875t t t t ,       . 

Similarly, 4 agents hit into cluster 1: 7, 8, 12, and 13. Accordingly, 
we assign the average value of all membership functions over the 
cluster to the awareness values of these four agents 

7 8 12 13 0 5625t t t t ,       . Cluster 2 includes 6 agents: 1, 3, 4, 11, 

16 and 20, whose awareness values will be assigned the cluster 

average 
1 3 4 11 16 20 0 9583t t t t t t ,           . Cluster 3 includes 6 

agents: 2, 5, 6, 15, 18, and 19. Accordingly, we assign 

2 5 6 15 18 19 0 4583t t t t t t ,            to the values of their awareness 

characteristics. 
The results of clustering with self-organizing maps to determine 

the competence, the authority, the propensity of agents to imitate and 
decision value of agents according to the results of the survey are 
shown in Fig. 4. 

A summary table of the values of reflexive characteristics of 
agents based on the results of a survey at Novokramatorsky 
Mashinostroitelny Zavod is presented in Table 3. 
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a) competence    b) authority 

  
c) propensity to imitate          d) decision value 

Fig. 4. The results of clustering by the self-organizing maps according to the 
indicators of reflexive characteristics of agents  

In Table 3, agent 1 corresponds to the chairman of the tender 
commission. The values of his reflexive characteristics indicate that 
he enjoys authority (authority 

1 0,83t  ), is competent (competence 

1 0 8t ,  ), is interested in choosing commercial offer No. 1 (decision 

value 
1 0 7083t ,v  ), is sufficiently informed (awareness 

1 0 9583t ,  ) 

and his propensity to imitate
 
is quite low (

1 0 625t ,  ). Agent 1 in the 

considered example is the managing center, which is interested in the 
collegial acceptance of commercial offer No. 1 for the organization of 
the purchase of components for the crane by all agents. 
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Table 3 

VALUES OF REFLEXIVE CHARACTERISTICS OF AGENTS OBTAINED AS A RESULT OF DATA 

PROCESSING BY KOHONEN MAPS 

Agent i 

Awareness 

 it   

Competence
  it   

Authority 

 it   

Propensity to 
imitate

  i   

Decision  
Value 

 itv   

Agent 1 0.9583 0.8 0.83 0.625 0.7083 

Agent 2 0.4583 0.375 0.167 0.9 0.15 

Agent 3 0.9583 0.375 0.167 0.4 0.65 

Agent 4 0.9583 0.8 1 0.9 0.65 

Agent 5 0.4583 0.67 0.625 1 0.5625 

Agent 6 0.4583 0.8 0.5 0.625 0.7083 

Agent 7 0.5625 0.167 1 0.4 0.5625 

Agent 8 0.5625 0.8 1 0.625 0.7083 

Agent 9 0.875 0.8 0.167 0.5 0.65 

Agent 10 0.875 0.167 0.625 0.9 0.65 

Agent 11 0.9583 0.375 0.625 0.5 0.15 

Agent 12 0.5625 0.375 0.167 1 0.15 

Agent 13 0.5625 0.375 1 0.9 0.5625 

Agent 14 0.875 0.75 0.83 0.4 0.7083 

Agent 15 0.4583 0.167 0.83 0.625 0.5625 

Agent 16 0.9583 0.75 0.167 1 0.15 

Agent 17 0.875 0.75 0.5 0.4 0.65 

Agent 18 0.4583 0.67 0.167 0.5 0.15 

Agent 19 0.4583 0.67 0.625 0.9 0.7083 

Agent 20 0.9583 0.375 1 0.4 0.7083 

 
As an agent-leader, to whom agent 1 should direct managerial 

influences to ensure that other agents follow him, based on the 
analysis of the obtained reflexive characteristics of agents (Table 3) in 
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accordance with the methodology [12-14], it is advisable to choose 
such an agent who has the value of the reflexive characteristics of 
authority and competence as close as possible to 1. 

In Table 3 agent 1 represents the managing center, agent 4 acts as a 
leader agent (

4 1t  , 
4 0 8t ,  ), to whom managerial influences must 

be directed in order to provide a signal to agents inclined to imitation 
that this agent can be trusted in the correctness of the decisions made 
and, accordingly, he can be imitated. Consequently, reflexive 
managerial influences will be directed at him to start the mechanism 
of imitation among other agents. 

Thus, the obtained values of the reflexive characteristics of agents 
in the areas of detection can be used to select a circle of agents for the 
realization of reflexive managerial actions to achieve the goals of 
enterprise management, as well as to forecast the results of decision-
making by agents about the choice of alternatives using the functions 
of reflexive choice, the possibility of applying which are described in 
detail in [14]. 

Conclusions 

To determine the values of reflexive characteristics of agents in the 
article it is proposed to use a complex of models developed on the 
basis of survey methods, the apparatus of fuzzy set theory by 
L. Zadeh, and neural network modeling. The determination of the 
values of reflexive characteristics of agents (awareness, competence, 
authority, propensity to imitate and decision value) is carried out by 
forming fuzzy sets within the framework of the theory of L. Zadeh 
and calculating the properties of agents according to the results of 
questionnaires in selected areas.  

Based on the membership of agents to corresponding fuzzy sets, 
the Kohonen map groups agents into clusters with the aim of 
determination of the values of their reflexive characteristics. In this 
case, as a result of clustering with Kohonen maps, a potential circle of 
agents is revealed, on which the managing effects of the mechanism 
of reflexive management of herd behavior will be directed. 
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An important applied value of interpreting the results of SOM 
clustering is the possibility of obtaining both representatives of 
specific classes and average values of the characteristics of class 
representatives, which are determined by the parameters of the 
network neurons and represent cluster centers. The reflexive 
characteristics of each of the agents in the resulting clusters after 
processing by the neural network are proposed to be assigned the 
values of the parameters of the neuron that determines the cluster 
center. Thus, as a result of clustering the input data vectors along the 
directions for determining the values of the reflexive characteristics of 
agents, typical values of the required parameters for agents 
representing classes are obtained. 

These values can be used within the framework of the mechanism 
for diagnosing the manifestations of herd behavior in enterprises, for 
managing the decision-making process of agents and for predicting 
the behavior of agents using the functions of reflexive choice. 

Promising direction of research is in the development of individual 
diagnostic mechanisms and a system of practical recommendations for 
the reflexive management of herd behavior regarding managerial 
decisions at meetings of various levels of enterprise management, 
decisions on choosing suppliers and consumers of enterprise products, 
counteracting staff resistance to organizational changes. 
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2013 to 2020, to analyze the state of development of each industry by 
the structure of employed and economic development, as well as to 
study trends in changes in state of industries in dynamics under 
conditions of digitalization. 
The analysis of the clustering results showed that despite very serious 
economic challenges and real problems in most industries, 2014 and 
2020 can be considered the years of rapid development of digital 
technologies in high-tech industries, which were accompanied by a 
reduction in the number of employees and a decrease in salaries. The 
least digital transformations mainly concerned industrial sectors 
during the years of economic recovery of Ukraine in the period from 
2015 to 2018. 
Results of the study of the impact of employment in high-tech 
industries and high-tech services sectors on the dynamics of gross 
domestic product and gross value added in the Ukrainian economy are 
presented. Results of forecasting these indicators with allocation of 
upper and lower confidence limits in a trend have been presented, 
which allowed to model optimistic, realistic and pessimistic scenarios 
of the abovementioned macroeconomic indicators development. A 
hypothesis regarding increase in the probability of implementing an 
optimistic scenario of gross domestic product and gross value-added 
dynamics under conditions of digitalization by optimizing the number 
and the structure of those employed in the high-tech segment has been 
proposed and proved.  

 
Keywords: world of work digitalization, destruction of employment, 
constructivism of transformations in employment, future of employment, 
human-centered sustainable development, economic sectors clustering, 
high-tech industries 

JEL Classification: C38, E24, J21, J23 

 

Introduction 

Fundamental technological, information, communication and 
demographic transformations of the third decade of the XXI century 
are causing large-scale and profound changes in economic 
development determinants, economic management methods, system 
of social division of labour and work activities organization, and value 
priorities of economically active people. The output of these 
transformations would be fundamental changes in all spheres of 
economic, social and public existence; a new format of the world of 
work; a new network society. 
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An unbiased analysis of the new socio-economic reality 
demonstrates that perhaps the most significant changes in the life of 
an economically active person in the modern digital age are associated 
with their inclusion in socially organized labour, with employment in 
its broadest sense. 

All these changes remain systematically unexplored and 
unexplained from a scientific point of view, both in terms of their 
nature and especially their social consequences for a digital age 
person. The following questions remain unanswered: What will be the 
human dimension of the digital economy? What will be the balance of 
benefits and losses for society during “humanless” economy 
development? How to adapt to global changes that are becoming a 
rule rather than an exception? What toolset should be used for 
forecasting changes in the world of work and employment? 

We have to acknowledge that the stage of describing changes, 
stating the general, obvious, and producing fragmentary constructs has 
long since passed. A new theory of social and labour development 
should be formed with the use of modern scientific potential and an 
interdisciplinary approach, which would explain the true nature of the 
world of work and the world of people in the digital age, their 
resources, competitive advantages and, at the same time, “failures”, 
new mechanisms, tools of functioning and regulation. 

Particularly evident are the dynamics of global multi-vector 
transformations, instability, unpredictability, and asymmetries in their 
various manifestations, which are illustrated by the example of 
employment sector, which is centered on an economically active 
person with accumulated labour potential, motivations, and values of 
working life. Until recently, academic discussions on social and 
labour issues in general and employment issues in particular have 
focused on market uncertainty and government regulation 
mechanisms [1], multi-vector trends in precarious work with a focus 
on self-employment [2-6], threats and prospects for employees with 
different skill levels [7-9], impact of technical and technological 
transformations on the supply and demand for labour services [10-12]. 
However, realities of today and horizons of the future require shifting 
scientific discussions and scientific support for the development of the 
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social and labour sphere from traditional problematics to issues of a 
different order, the key among which is prediction of future 
employment trajectories. 

The article offers readers an argumentation of the authors’ vision 
of the employment model in the context of digital economy 
challenges. 

One can find many, often diametrically opposed assessments in 
socio-economic and philosophical literature today – from statements 
about the emergence of almost communism in the world of work and 
employment following development of the digital economy [13] to 
apocalyptic predictions of a “society without work” in the near 
future [14, 15]. In their numerous previous publications [16-19] the 
authors of the article, using the language of scientific principles, 
concepts, and mental schemes, tried to outline their own position 
on where the modern world of work and the world of people are 
actually drifting, what is the nature of changes, and how to use the 
possibilities of radical adaptability to conditions of upcoming 
activities of daily living. 

This article is a result of recent scientific research with the use of 
modern methodology and toolset for scientific knowledge of 
phenomena and processes in the field of social and labour 
development, including the use of economic and mathematical 
modelling potential in the field of employment. 

The old-new hypotheses advocated by the authors include 
predictions and strong arguments in favour of the fact that many 
publications contain overestimates regarding destructive impact of 
digital technologies on employment scale and structure; a number of 
factors and circumstances that produce new forms and types of 
employment, generate transformational processes that remain latent, 
unacknowledged and unexplained from a scientific point of view, are 
left unaddressed. 

Foresight research of social and labour dimension of digital 
economy does not sufficiently reflect and take into account such 
phenomena and processes of  modern era as changes in quantitative 
and qualitative demographic characteristics of the population with 
reference to the needs and prospects of local labour markets; new 
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configuration and trends in development of non-standard forms of 
employment; high probability of massive introduction of new working 
time models, and, consequently, neglect of fundamental changes in 
the system of “work – leisure”, “working time – non-working time”, 
“standard employment – non-standard employment”; emergence of 
new areas of economic activity capable of producing in the near future 
such goods and services  that society is still unaware of; preservation 
of types of economic activity that will not be significantly affected by 
digitalization, given the economic and social inexpediency of 
introducing breakthrough digital technologies; deliberate restrictions 
on introduction of the latest technologies on the part of international 
organizations and national governments, given the unpredictable 
consequences for a healthy, fulfilling lifestyle and positive socio-
economic dynamics; changes in the structure and hierarchy of social 
values, emergence of a new, post-industrial, post-information 
motivation for labour activity. 

Thus, every day scientific community is facing new tasks under the 
influence of challenges and threats of digital age. The question is not 
about the traditional – the affirmation of the “end of history”, “end of 
the world”, “end of work”, but about the need to find what is really 
important for sustainable human-centred development. 

The relevant research was conducted and a scientific publication 
based on its results was prepared within the framework of the growth 
of human-centred knowledge and the search for answers to questions: 
How to build a society not without work and employment, but a 
human-centred one, with employment as a social value? How to form 
economic and social culture of human-centered development? 

 

Theoretical basis 

In the first decades of the XXI century, the global world is 
undergoing fundamental digital transformations. Digital economy is 
scaling dynamically in global economic space, causing profound multi-
vector shifts in various segments, areas of activity, and industries. One 
of such vectors is fundamental changes in the field of labour activity, 
imminence of the onset of the “end of work” in its classical sense. 
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Industry 4.0’s breakthrough technologies enable numerous operational 
functions to be performed in real time without human intervention, 
generate and process an unprecedented amount of information [20]. 

Employment mechanisms are being modified under the influence 
of digital platforms development that create prerequisites for 
interaction between employers and employees in online 
environment [21]. According to European Jobs Monitor 2016, routine 
and codified jobs may be automated and employment in such sectors 
is expected to decline. However, some professions, despite requiring 
low skills, cannot be easily automated, and demand for such low-
skilled labour remains. At the same time, an increase in relative 
demand for high proficiency and specialized skills is expected, and, 
accordingly, in remuneration of such employees [22]. 

At the same time, new jobs are being created and will continue to 
be created. However, employees who lost their jobs during transition 
may be least prepared to take advantage of new employment 
opportunities. Professional competences in demand in the labour 
market nowadays will not correspond to the jobs of tomorrow, 
and acquired and improved competences are rapidly becoming 
outdated. As a result, future generations of employees will have 
to acquire digital competences at an early age and learn throughout 
their lives [23]. 

Introduction of the latest technological achievements — artificial 
intelligence, computerization, automation, robotics — displaces 
people from operational activities and leads to elimination of a signifi-
cant share of traditional jobs. Findings of Chinese researchers confirm 
that transition to the future of the world of work will be accompanied 
by disruptive consequences for labour markets, and ensuring decent 
work will become an even more challenging task [24]. 

Scholars have expressed concerns that further technological 
development will result in machines being able to successfully 
perform numerous tasks, and automation will lead to a huge reduction 
in jobs. At the same time, it is argued which jobs computers can 
effectively perform independently and in which ones they can only 
complement human labour. The “risk group” includes jobs that 
involve standard physical operations that are repeated periodically in a 



Ne u ro - Fu zzy  M o de l i n g  Te c hn i q ue s  i n  E co n o m i cs  2022, VOL. 11 

84 

stable environment, and cognitive activities that are subject to 
codification. In areas of abstract decision-making, where the ability to 
create and persuade is required, computers are more likely to act as 
assistants to highly skilled professionals [25].  

Capabilities of the latest technologies, which create new challenges 
for the labour market, are one of the most important factors in 
development of the employment sector, supply and demand of labour 
force, and professional structure of the workforce [10]. 

Fundamental changes in employment conditions and in the balance 
of competences supply and demand have occurred and continue to 
occur. Many jobs and career trajectories associated with certain types 
of activities have become a thing of the past or have been significantly 
reduced [26]. 

According to research by McKinsey consulting company, about 
30% of tasks in 60% of professions can be computerized [27]. 

Consequences of digitalization, as proven by scientific research 
results, are not exclusively negative or exclusively positive. Structural 
effects are growing gradually and unevenly in different areas of 
economic activity. Certain professions may be simultaneously 
exposed to transformational risks of different levels [28]. 

Existing studies indicate that potential for technological 
substitution varies significantly across different sectors of economy, 
and the risk of automation for a particular industry varies considerably 
across countries [29].  

There are intense discussions regarding  prospects of possible 
elimination of jobs as a result of automation and spread of artificial 
intelligence technologies. Long-term value shifts show that work is 
losing its importance, and the need for employment is becoming less 
and less influential in young people's decisions to pursue higher 
education. The concept of an unconditional basic income as a 
response to reduction in jobs has become one of the most pressing 
issues [15]. At one pole of scientific and practical discourse is fear 
that as artificial intelligence improves, it will displace employees, 
creating an ever-growing group of unemployed people who cannot 
compete economically with machines. At the other pole of debate is 
belief that artificial intelligence will become the best working 



EMPLOYMENT IN THE… A. Kolot, O. Herasymenko, A. Shevchenko, I. Ryabokon 

85 

mechanism the world has ever seen; that new AI applications, 
combined with human collaboration, could increase employment 
worldwide by at least 10% [30].  

Another vector of digitalization of economy in social and labour 
space is formation of digital employment, which in its most general 
sense is an economic activity carried out at a stationary or remote 
workplace with the use of digital technologies and creation of an 
information product (provision of an information service). 

The essence of digital employment is revealed through the 
following distinctive features: 

1) technical and technological basis of labour organization is 
created by digital technologies; 

2) result of labour is a digital product or service; 
3) labour process is carried out through digitalization; 
4) digital accounting and financial programs are used to pay for 

created digital product (provided digital service); 
5) communications between employer and employees are 

established and implemented through online platforms. 
The subject of digital employment is an economically active 

person with digital competences – a “digital employee”. In 
interpreting the concept of a “digital employee”, researchers focus on 
performance of labour functions using information, computer and 
other breakthrough technologies of Industry 4.0. At the same time, 
employment agreement (contract) with employer is concluded 
digitally, interaction with team members takes place through online 
platforms, and remuneration for services rendered is made through 
digital accounting and financial system. 

Theory proves, and practice convinces, that digital employment is 
heterogeneous in terms of the content of labour processes and labour 
results, so it is classified according to various criteria, including 
specifics of products (services), complexity of labour functions, 
innovative and intellectual level of obtained result. According to 
N. Azmuk, the main classification feature of digital employment 
should be considered the innovative and intellectual level of obtained 
result, by which digital employment is proposed to be divided into 
basic and smart employment [31]. Basic digital employment involves 
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performing any work digitally using digital tools in accordance with a 
given technology (automated translations, blogging, software testing, 
website administration, etc.). The result of basic digital employment is 
a digital service provided in accordance with pre-established 
regulations, which is not unique, has no innovative content and can be 
reproduced for a certain range of consumers. The second level of 
digital employment in the world practice is denoted by the 
abbreviation SMART (from the terms Specific, Measurable, 
Attainable, Relevant, Time-bound), which is widely used in the field 
of project management [32]. Digital smart employment results in 
developing a new digital product or improving an existing one. Thus, 
smart employment is to be considered as aimed at effective solution of 
tasks related to production of innovations [31]. 

Digital employment most often takes forms of flexible 
employment, which have their own strengths and weaknesses. 
Strengths primarily include the ability to independently arrange work 
and rest schedules, as well as considerable freedom in choosing tasks 
and orders. As for weaknesses, social protection is often not 
guaranteed; there is no control over work results; and there is a high 
level of uncertainty. A high level of professionalism is a kind of 
“protection” for “digital employees”, but it does not compensate for 
the lack of guarantees of proper social protection [33]. 

Digital employment is inherent in all areas of economic activity 
without exception, but it is mostly concentrated in high-tech segments 
of economy, which provides a certain effect for macroeconomic 
dynamics. 

 

Research methodology 

The research’s methodological platform consists of systemic and 
interdisciplinary approaches, which contributed to the argumentation 
of new opportunities and new challenges, risks and threats in the field 
of employment under conditions of economy digitalization. 

The central point of this article is the authors’ hypothesis, which is 
formulated as follows: labour practices, scale and structure of 
employment will change intensively under the influence of 
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digitalization. These changes can be viewed in at least two 
dimensions – constructive and destructive, which are transformational 
in nature. Both the first (constructive) and the second (destructive) 
dimensions of transformational changes in the employment sector can 
be clearly traced on the example of occupational groups. Authors of 
the article are supporters of occupational classification which includes 
four enlarged groups in terms of effect of digitalization.  

The extreme poles of these groups are “rising stars” (professions 
that are in demand in digitalization era and this demand tends to 
increase) and “dying professions” (their functions are being taken 
over by digitalization, radically reducing the need for human 
resources) [28]. The nature of transformational changes in 
employment sector, according to the authors’ hypothesis, is not only 
of digital, information and communication origin. Constructive and 
destructive effects of digitalization can be enhanced, reduced, or 
completely eliminated depending on a number of factors that directly 
or indirectly affect the sectoral structure of employment. However, it 
is not unreasonable to assume that professions in demand during 
digitalization era (“rising stars”) are mostly concentrated in high-tech 
segment, where both creation of digital products and their common 
usage take place. 

In order to allocate groups of such types of activities, it is 
suggested to apply a cluster analysis methodology, which allows 
identifying common properties and patterns of trends in the 
development of areas of economic activity and industries under 
conditions of digitalization by a set of socio-labour and socio-
economic development indicators. 

 

Results  

Study of key factors that affect employment structure in the 
labour market 

The world practice of scientific study of labour market and 
employment parameters in the near and distant future justifiably 
considers the scale and professional dimension of employment, 



Ne u ro - Fu zzy  M o de l i n g  Te c hn i q ue s  i n  E co n o m i cs  2022, VOL. 11 

88 

constructive and destructive changes in social and labour relations 
under the influence of digitalization in its broadest meaning as the 
basis for foresight analysis. The authors of this article follow these 
positions and logically continue their research of a prognostic nature, 
which covers the forecasting of the world of work and employment in 
the short and long term [34] and takes into account experience of 
countries that have achieved the greatest progress in digitalization. 
Our research confirms that intensive penetration of digitalization into 
all areas of economic activity and transfer of business processes into a 
digital environment is causing a fundamental reformatting of 
employment scale and structure, as well as professional dimension of 
digital economy. 

We are convinced that the “relationship” between digital 
technologies, other technical and technological innovations of the first 
half of the XXI century and society remains complex and often 
incomprehensible in terms of the consequences of potential 
interaction. And this applies not only to individual companies, 
regions, and countries, but has become a global trend. 

The International Labour Organization’s [35] estimates of potential 
changes in the scale of employment caused by technological and 
demographic factors are demonstrated in Table 1. 

Our principled position has always been and remains that 
demographic shifts are, in practice, one of the reasons for fundamental 
changes in the world of work and employment and formation of a new 
socio-economic reality. The most significant trends of demographic 
nature that have a global impact are as follows 

- decrease in population growth rates in most countries of the world; 
- increase in the average age of population; 
- decrease in the share of children and adolescents in population; 
- increase in the proportion of older people; 
- increase in the demographic burden on working-age population; 
- decrease in the share of working-age population; 
- permanent intensification of migration processes and their 

increasing impact on demographic changes indicators; 
- women’s transition from household management to active 

participation in social production. 
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Table 1 

ESTIMATES OF FUTURE CHANGES IN LABOUR MARKETS 

Factor Impact estimates 
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Automation that leads to job replacement threatens 47% of employees in 
the USA [36] 

ASEAN-5: automation will threaten 56% of jobs in the next 20 years [29] 

While proven technologies can fully automate less than 5% of all 
activities, in approximately 60% of all activities, at least 30% of 
operations performed in them are subject to automation [37] 

On average, 9% of jobs in OECD countries are at high risk of 
automation. A significant proportion of jobs (50% to 70%) will not be 
fully replaced, but automation will affect a large proportion of 
operations, changing the very way they are performed [38] 

Two-thirds of all jobs in developing countries could be automated [39] 

Almost 50% of companies predict that by 2022, automation will cause a 
certain reduction in the number of their full-time employees [40] 
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It is projected that by 2050, the overall dependency ratio (the number of 
people aged under 14 and over 65 for every 100 people aged 15 to 64) will 
increase drastically in Europe (by 24,8 percentage points) and North 
America (by 14.4 percentage points) and moderately in Asia (by 8.5 
percentage points), Oceania (by 6.8 percentage points), and Latin America 
and the Caribbean (by 7.6 percentage points). It is projected that the overall 
dependency ratio in Africa will decline by 18.7 percentage points and that 
half of its population will consist of young people (from birth to 24 years). 
In all other regions, the population will be ageing [41] 

 
Mentioned trends are shaping new parameters of labour market 

and require active social and labour policy on the part of the state. An 
impartial analysis convinces that one of the paradoxes of the present 
day is the aggravation of human resources problem, especially among 
younger and middle-aged groups, against the background of  absence 
or lesser importance of demographic issues in relation to the 
population as a whole. Quantitative and qualitative parameters of the 
population as a whole and quantitative and qualitative parameter of 
the working-age population, especially of younger age groups, have 
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different, often diametrically opposite tendencies of formation and 
development. As shown in Fig. 1, built on the basis of data from 
International Labour Organization [42], the level of population 
participation in global labour force, in the EU27, and in Ukraine is 
gaining new momentum in positive dynamics after a noticeable 
“slump” in 2020. In Europe, the downward trend of this indicator, 
according to forecasts for 2021-2023, is typical only for Eastern 
European countries. 

 

 

Fig. 1. Level of participation in labour force  
(labour force as a percentage of the working age population) 

 
As in Fig. 1, as in Figs. 2, 3, indicators include both real and 

conditional data for 1991-2021, as well as forecasts for 2022-23 from 
source [42]. Estimates may differ from official national sources. 

Despite the existing pessimistic employment forecasts, the level of 
employment in global coordinates, in Europe as a whole, and in 
Ukraine will not have a downward dynamic in the near future (Fig. 2), 
and unemployment rates will be declining in foreseeable time (Fig. 3), 
delaying the predicted “unemployed future”. 
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Fig. 2. Level of employment (number of employed  
as a percentage of the total working age population) 

 

Fig. 3. Level of unemployment (number of unemployed  
as a percentage of the labour force) 

Transformational consequences of digitalization for professional 
employment, according to our methodological basis, can be reduced 
to two enlarged groups: constructive and destructive. Constructive 
effects of digitalization are manifested primarily in emergence of new 
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goods and services; replenishment of the world of professions with 
new ones, often exotic, integrated, interdisciplinary professional tasks; 
creation of “employment of the future”. Destructive effects of 
digitalization are manifested in replacement of employees as a result 
of their functions’ transfer to machines and digital technologies; an 
intense decline in demand for competencies that were still dominant 
yesterday; formation of a “dying professions” layer. 

By focusing on development of theoretical construct of the 
employment XXI model as a response to the changing world of work 
and employment under the influence of the ultra-scale, ultra-deep and 
ultra-controversial process of digitalization, we have conducted a 
preliminary analysis of scientific achievements in this area from 
different schools of thought. This analysis demonstrated the 
dominance of studies that focus on destructive effects. At the same 
time, there is still insufficient research on the phenomena, trends, 
dominants, and effects under which the format and nature of 
professional activity are changing, labour productivity is increasing, 
but there is no threat of complete replacement of human labour by 
machines and digital technologies, or constructive effects outweigh 
destructive ones. 

Our preliminary research suggests that the impact of digitalization 
on the scale and structure of professional activity cannot be 
considered either purely destructive or exclusively constructive [43]. 
The authors’ approach to substantiating the employment-XXI model 
based on expected shifts in professional activity is close to the one 
advocated by American researchers F. Fossen and A. Sorgner [28]. 
What our approaches have in common is the identification of enlarged 
groups of professions and vectors of change in the structure of 
employment and its professional dimension in the context of global 
digitalization. The differences lie in the authors’ rejection of their 
American colleagues’ methodological basis, which divides 
digitalization effects into destructive (negative) and transformative 
ones. According to our assumption, as already mentioned above, both 
positive and negative effects of digitalization are of transformational 
origin. The second fundamental difference between the authors’ 
concept of the professional employment model and the American 
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researchers’ construct is a broader view on manifestation of 
transformational effects, which are not limited to the emergence of 
new and disappearance of existing professions, but include a number 
of other components (effects) – emergence of new areas and types of 
professional activity, increased productivity; “emasculation of 
economy” and disappearance of professions, which borders and 
coexists with new “rising economies” and “rising stars” professions; 
an in-depth view of professions development dominants that are 
conditionally located in the “territory of machines”, on the one hand, 
and “territory of humans”, on the other. A schematic of the authors’ 
concept of transformational effects of digitalization on the world of 
labour and employment is shown in Fig. 4. 

 

 

Fig. 4. Schematic of the authors’ concept of transformational effects of 
digitalization on the world of labour and employment 

We emphasize that both positive (constructive) and negative 
(destructive) consequences of digitalization, which are intensifying in 
all spheres of economic and social life, arise in the process of multi-

Work is the dominant part of everyday life 
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Filling effect 
 

Emergence of new 
professions, creation of new 

jobs, increase in labour 
productivity in “old” jobs 

Substitution effect 
 

Replacement of employees 
with new digital technologies; 
demand for competences that 
are not available to machines 

and competences in using 
digital technologies 

DIGITAL ECONOMY 

 
 
 

                Constructive effect                                              Destructive effect  
 

TRANSFORMATIONAL 
EFFECTS OF 

DIGITALIZATION 

 
    

 

“Employed 
future” 

 

      “Unemployed 
      future” 
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vector, large-scale, profound transformations. Therefore, both the 
former and the latter are transformational. At the same time, some of 
them are predominantly of a destructive, “emasculating” nature, while 
others are of a creative, producing nature. 

We strongly believe that one of the defining trends in digital 
economy development should be dynamic growth of high-tech sector, 
where employment optimization will contribute to improvement of 
macroeconomic situation both globally and nationally. 

Research on common properties of scopes of activities under 
conditions of digitalization 

In order to verify validity and substantiate the authors’ hypothesis 
mentioned at the beginning of the article, that labor practices, the scale 
and structure of employment will change intensively under the influence 
of digitalization, which can be monitored on the example of groups of 
professions, we will examine similar changes over a number of years in a 
number of high-tech industries (Manufacture of basic pharmaceutical 
products and pharmaceuticals; Manufacture of computers, electronic and 
optical products; Manufacture of electrical equipment), high-tech 
services sector (Information and telecommunications; Research and 
development), and export-oriented industries (Manufacture of food, 
beverages and tobacco products; Metallurgical production, manufacture 
of fabricated metal products (except machinery and equipment); 
Manufacture of chemicals and chemical products). 

As mentioned above, the authors of the article are supporters of the 
classification of professions in which there are consolidated groups 
from the point of view of the effect of digitalization, when there are 
professions that are in demand by “digit” and this demand tends to 
increase, and professions whose functions are taken over by “digit”, 
radically reducing the need for human resources. These tendencies can 
be studied by separating groups of professions according to a set of 
characteristic indicators over a sufficiently long period of time under 
conditions of digitalization of economy, for which it was decided to 
apply the cluster analysis methodology. 

Given the objectives of this study, in order to cluster types of 
activities under conditions of digitalization in terms of the number of 
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employed, the structure of employees, the level of salaries and 
economic development of high-tech segment and export-oriented 
industries, Kohonen self-organizing maps toolkit was used [44], 
which, in addition to solving the tasks of reducing dimensionality in 
complex data sets and forming homogeneous groups of studied 
objects, provide an opportunity for visual analysis of clustering results 
[45]. This makes it possible to analyze the state of development of 
each industry in terms of the structure of employment and economic 
development among other sectors of economy, as well as to study 
trends in the state of industry in the dynamics of digitalization. 

In order to conduct such a study, a database for the period from 
2013 to 2020 was compiled using data from the State Statistics 
Service of Ukraine [46] for a set of indicators: Average number of 
full-time employees, '000 people; The share of the average number of 
full-time employees in the average number of full-time employees in 
the economy of Ukraine as a whole, %; Average number of non-
registered employees (attracted on the terms of civil law contracts and 
external part-time workers), '000 people; Share of the number of non-
registered employees in the total average number of employees, %; 
Output (in consumer prices), UAH million; Gross profit, mixed 
income (in consumer prices), UAH million; Average monthly salary 
of full-time employees (nominal), UAH; The ratio of the average 
monthly salary of full-time employees to the average monthly salary 
in the Ukrainian economy as a whole, %; Average monthly salary of 
full-time employees (real – adjusted by consumer price index), UAH; 
Remuneration of salaried employees, UAH million; Gross value 
added (in consumer prices), UAH million; Gross domestic product (in 
consumer prices), UAH million (see Table 2). 

The left-hand column of Table 2 shows abbreviated industries: 
Pharmacy – Manufacture of basic pharmaceutical products and 
pharmaceuticals; Computers – Manufacture of computers, electronic 
and optical products; Electrics – Manufacture of electrical equipment; 
Food – Manufacture of food, beverages and tobacco products; 
Metallurgy – Metallurgical production, manufacture of fabricated 
metal products (except machinery and equipment); Chemicals – 
Manufacture of chemicals and chemical products; Telecom – 
 



 

 

Table 2 
DATABASE WITH INDICATORS OF LABOUR MARKET AND ECONOMIC DEVELOPMENT  

OF HIGH-TECH AND EXPORT-ORIENTED INDUSTRIES, HIGH-TECH SERVICES 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Pharmacy 2013 21 0,23 1,8 7,56 34020 1069 5422 166 5438 2060 3223 8341 

Pharmacy 2014 22 0,25 1,8 7,56 41105 2081 6219 178,7 5548 2976 5163 11104 

Pharmacy 2015 21 0,26 1,5 6,67 53164 3428 8254 196,8 5551 3453 7002 15988 

Pharmacy 2016 22 0,28 1,5 6,38 73330 5367 11028 212,8 9682 3725 9099 20134 

Pharmacy 2017 23 0,3 1,3 5,65 79705 5757 13846 194,9 12103 4813 10638 24654 

Pharmacy 2018 24 0,31 1,3 5,14 91895 5656 16754 189 15259 6925 12649 30137 

Pharmacy 2019 24 0,32 1,2 4,76 113379 6019 19511 185,9 18743 8140 14236 32557 

Pharmacy 2020 25 0,34 1,6 6,4 123953 6157 21138 182,4 20131 8824 15048 35499 

Computers 2013 45 0,46 2,2 4,66 21353 355 3086 94 3095 1802 2217 5667 

Computers 2014 33 0,37 2 5,71 24709 461 3211 92,3 2864 1878 2396 6147 

Computers 2015 30 0,37 1,6 5,06 28875 331 4619 110,1 3106 2076 2457 8053 

Computers 2016 31 0,39 1,8 5,49 43251 924 6787 130,9 5959 3002 3962 10231 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Computers 2017 27 0,35 1,4 5,19 53277 349 9000 126,7 7867 4018 4403 16602 

Computers 2018 28 0,37 1,6 5,4 59475 886 10640 120 9690 4615 5541 16986 

Computers 2019 26 0,35 1,4 5,11 63835 910 12509 119,2 12016 5188 6143 18038 

Computers 2020 24 0,33 1,2 5,38 62034 237 13275 114,5 12643 3972 4246 16551 

Electrics 2013 61 0,6 2,1 3,49 36001 1392 3026 92,2 3035 4947 6508 9331 

Electrics 2014 61 0,68 2,2 3,48 39119 1536 3159 90,8 2818 5326 6992 10275 

Electrics 2015 53 0,66 2,1 3,81 42468 3056 3870 92,3 2603 4228 7424 12062 

Electrics 2016 49 0,62 2,3 4,48 49936 4209 4803 92,67 4217 4336 8617 13681 

Electrics 2017 50 0,65 1,9 3,8 64918 4757 6840 96,3 5979 5870 10702 21313 

Electrics 2018 50 0,65 1,8 3,48 80406 5736 8731 98,5 7952 8218 14039 25236 

Electrics 2019 45 0,61 1,6 3,43 82011 5460 10153 96,7 9753 7984 13531 24494 

Electrics 2020 42 0,57 1,5 3,57 78367 3050 10531 90,9 10030 8122 11237 22358 

Food 2013 349 3,59 17 4,64 472178 17770 3117 94,97 3101 26999 46070 99476 

Food 2014 323 3,61 16,3 4,8 516564 26026 3337 95,89 2672 29204 56979 120394 

Food 2015 290 3,6 17,8 5,78 643639 39091 4184 99,74 2920 33233 74263 165391 

Food 2016 282 3,58 16,1 5,4 780383 56549 5182 99,98 4610 33376 90862 216988 

Food 2017 280 3,65 13 4,44 937992 58370 6756 95,1 5942 46236 105329 276448 

Food 2018 275 3,59 10,5 3,68 1040862 55321 8338 94,06 7594 56125 110624 305533 

Food 2019 293 3,94 9,3 3,08 1114340 55845 9986 95,13 9593 64475 119223 320187 

Food 2020 286 3,89 8,2 2,79 1266165 71244 10761 92,84 10249 72335 142919 392967 

Metallurgy 2013 310 3,19 7,5 2,36 220420 2620 4150 126,45 4129 19182 23346 25451 

Metallurgy 2014 272 3,04 6 2,16 260549 15562 4682 134,54 3749 23075 40249 42756 

Metallurgy 2015 244 3,03 5,5 2,2 329444 19356 5645 134,56 3939 24864 45859 50792 

Metallurgy 2016 218 2,77 6,1 2,72 396267 30015 6717 129,6 5976 25157 56028 62114 

Metallurgy 2017 207 2,7 5,4 2,54 510182 37163 8423 118,57 7408 33700 71775 77514 

Metallurgy 2018 190 2,48 5,1 2,61 602583 44521 11022 124,33 10038 40318 85797 92747 

E
M

P
L

O
Y

M
E

N
T

 IN
 T

H
E

…
 

A
. K

o
lot, O

. H
era

sym
en

ko
, A

. Sh
evch

en
ko

, I. R
ya

b
o

ko
n

 

 

9
7
 



 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Metallurgy 2019 193 2,59 4 2,03 559796 35871 13451 128,14 12921 41304 78068 85283 

Metallurgy 2020 185 2,52 3,7 1,96 504186 29549 13926 120,14 13263 40167 70408 76831 

Chemicals 2013 78 0,8 2,5 3,11 83229 -1089 3640 110,91 3622 6399 5672 10870 

Chemicals 2014 74 0,83 2,5 3,27 84739 -283 3971 114,11 3179 5800 5844 11359 

Chemicals 2015 62 0,77 2,2 3,43 119069 1221 4988 118,9 3481 6606 8232 20099 

Chemicals 2016 60 0,76 2,3 3,69 123543 1455 5932 114,45 5278 6142 7755 19153 

Chemicals 2017 56 0,73 2,6 4,44 138922 623 7552 106,31 6642 7830 8602 23337 

Chemicals 2018 56 0,73 1,6 2,78 161577 1863 8796 99,22 8011 8192 10210 26538 

Chemicals 2019 54 0,73 1,4 2,53 166060 655 11340 108,03 10893 9051 9878 27128 

Chemicals 2020 56 0,76 1,4 2,44 155179 554 12363 106,66 11774 9187 9885 26704 

Telecom 2013 184 1,81 16,4 8,18 97499 23616 4599 140,9 4613 23924 48372 54887 

Telecom 2014 157 1,75 14,6 8,51 105116 26952 5176 148,7 4617 24075 52724 58335 

Telecom 2015 134 1,66 12,6 8,59 149296 40940 7111 169,5 4782 26268 72596 79669 

Telecom 2016 122 1,55 15,2 11,08 191516 55848 9530 183,9 8367 29621 89268 97898 

Telecom 2017 119 1,55 11,7 9,83 235845 67641 12018 169,2 10505 37074 110296 120482 

Telecom 2018 118 1,54 13,1 8,95 299861 84269 14276 161 13002 47536 138828 151621 

Telecom 2019 112 1,51 14,4 11,39 384771 109556 17543 167,1 16852 64193 182667 195928 

Telecom 2020 106 1,44 8,7 8,21 413907 137705 19888 171,6 16050 69050 209394 222374 

R&D 2013 115 1,13 11,5 9,09 17149 3895 4024 123,2 3767 7524 11508 … 

R&D 2014 104 1,16 9,6 8,45 17968 4935 4268 122,6 4036 7624 12626 … 

R&D 2015 97 1,2 10,5 9,77 22261 6499 4972 118,5 3807 6959 13492 14299 

R&D 2016 91 1,16 9,6 9,54 21341 6089 6119 118,1 3344 7013 13152 13658 

R&D 2017 87 1,13 7,8 8,97 24109 5944 8212 115,6 5372 10560 16546 17287 

R&D 2018 93 1,21 8,7 8,55 32475 8193 10259 115,7 9343 14199 22367 23990 

R&D 2019 79 1,06 8,3 9,51 35508 5965 11649 111 11190 12822 18698 20200 

R&D 2020 78 1,06 7,6 9,74 36668 7921 12882 111,1 12268 13167 19541 20861 
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Information and telecommunications, R&D – Research and 

development. Abbreviations were introduced not only to avoid 

crowding Table 2, but also to simplify the presentation of  

objects on Kohonen maps in modelling and subsequent analysis of 

clustering results. 

Deductor Studio Academic software package was used to construct 

self-organizing maps in this study. The map inputs are vectors of 12 

values for the number of employees and their professional structure, 

level of salaries, and economic development of the analyzed 8 

industries in 2013-2020, as shown in Table 2. Only for the “Research 

and development” industry the data was presented for 2015-2020 

period, since for the two previous years in [47] the Gross domestic 

product (in consumer prices) indicator is given for the type of 

economic activity “Professional, scientific and technical activities” in 

general, without separating “Research and development” industry, as 

can be seen in Table 2. 

This resulted in the fully expected uninformative result of 

clustering – industries were separately distributed into seven clusters: 

the zero cluster (the central upper part of the Kohonen map in Fig. 5, 

which can be identified by the color scale in the lower part of the 

figure) is completely occupied by only one industry – Research and 

Development (R&D); the first cluster (in the upper left corner) is 

completely occupied by observations of the Pharmacy industry; 

the second cluster (lower right corner in Fig. 5) is occupied by the 

Food industry; the third and sixth clusters, which occupy the upper 

right part of the map, were assigned to Telecom industry (whereby the 

last 3 years of industry observations – from 2018 to 2020 – 

were separated in the corner sixth cluster); the fourth cluster in the 

middle bottom part of the SOM is occupied by Metallurgy industry; 

the fifth, largest cluster in the left bottom part of the SOM contains 

three manufacturing industries at once – Computers, Electrics і 

Chemicals (whereby Chemicals industry is grouped in the right part of 

this cluster, closer to the other two export-oriented industries – Food 

and Metallurgy). 
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Fig. 5. The result of clustering high-tech and certain export-oriented sectors 
of Ukraine’s economy based on indicators of their economic development, 

number of employees, salary and structure of employees 

Such a homogeneous result of clustering by industry is due to the 

fact that industries are very different from each other primarily in 

terms of economic development (Output (in consumer prices), UAH 

million; Gross profit, mixed income (in consumer prices), UAH 

million; Remuneration of salaried employees, UAH million; Gross 

value added (in consumer prices), UAH million; Gross domestic 

product (in consumer prices), UAH million and to a lesser extent, 

although still significantly, from the indicators of the number and 

structure of employees (Average number of full-time employees, '000 

people; The share of the average number of full-time employees in the 

average number of full-time employees in the economy of Ukraine as 

a whole, %; Average number of non-registered employees (attracted 

on the terms of civil law contracts and external part-time workers), 

'000 people), which can be seen both in Table 2 and in Fig. 6, which 

shows heat maps of the distribution of values for each of the 

12 indicators. 
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Fig. 6. Indicators values distribution on the Kohonen map 

Attention should be paid to the following property of the Kohonen 
self-organizing map: similar investigated objects (in this case, observa-
tions by year for individual industries) are grouped together, and objects 
with the greatest differences are located at the maximum distance 
from each other (in opposite corners of the map). This can be seen in 
Fig. 6, where within each individual cluster, each indicator demon-
strates fairly homogeneous values, and low and high values of almost 
all indicators are located in the diagonal corners of Kohonen map.  
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Thus, for example, low values of indicators Average number of 
full-time employees, Share of average number of full-time employees 
in the average number of full-time employees in the economy as a 
whole, and gross domestic product (in consumer prices) are 
concentrated in the upper left corner of the SOM, while their high 
values are located opposite, in the lower right corner. And for 
indicators gross profit, mixed income (in consumer prices) and gross 
value added (in consumer prices), their low values are grouped in the 
lower left cluster, and high values are grouped in the upper right 
cluster. A similar situation is observed for other indicators. 

Therefore, in terms of profitability, organizations in high-tech 
services sector (Research and development and, especially, Informa-
tion and telecommunications) significantly outperform those in high-
tech manufacturing (Manufacture of computers, electronic and optical 
products, Manufacture of electrical equipment and Manufacture of 
chemicals and chemical products). The same significant advantage is 
observed in the level of salary (Average monthly salary of full-time 
employees (nominal and real) and Remuneration of salaried 
employees) and in The share of the number of non-registered 
employees in the total average number of employees. 

It is clear that such a distribution characterizes not so much the 
specifics of the development of the studied industries’ labour market 
under conditions of digitalization as the general patterns of socio-
economic and macroeconomic nature inherent in each individual 
industry. Moreover, in order to reduce excessive influence of certain 
indicators, there is no need to standardize or normalize them, as this 
will not change anything fundamentally – the differences between the 
values of indicators in different industries are too great. Thus, in order 
to be able to study the dynamics of industries development in 
comparative terms, it is necessary to deviate from absolute values of 
indicators and form a set of relative predictors. 

Identifying scopes of activities development patterns under 
conditions of digitalization 

A closer look at the list of factors selected for modelling shows 
that some of them can already be considered as relative indicators: 
The share of the average number of full-time employees in the 
average number of full-time employees in the economy of Ukraine as 
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a whole, %; Share of the number of non-registered employees in the 
total average number of employees, %; The ratio of the average 
monthly salary of full-time employees to the average monthly salary 
in the Ukrainian economy as a whole, %. And the data in Table 2 
show that these relative indicators are quite stable over the years 
within each industry, but vary considerably across industries 
(indicators values may differ by several times or even by an order of 
magnitude). Moreover, it can be observed that for these relative 
indicators in general, there are similarities in their values for 
industries that are separately classified as high-tech and export-
oriented industries, and also high-tech services. 

However, when attempting to calculate additional relative indica-
tors, they demonstrate similar behaviour. For example, when dividing 
Gross profit, mixed income (in consumer prices) by Output (in consu-
mer prices), we get a profitability rate of a few percent for industrial 
sectors, and close to 30% for high-tech services. A similar situation is 
observed with other relative indicators calculated in a similar way. 

That is, the situation does not fundamentally change compared to 
the grouping of industries based on absolute values of indicators which 
these industries characterize in terms of the structure of employed and 
economic development. Accordingly, it is virtually impossible to study 
trends of changes in the status of various industries in dynamics under 
conditions of digitalization on the basis of such indicators. 

In order to get around this problem, it is necessary to move from 
absolute values of indicators for each year to relative annual changes 
in these indicators. This will allow studying dynamics of changes for 
each indicator regardless of its level and thus see how each industry 
has changed annually under conditions of digitalization. Converting 
the indicators from Table 2 to such relative annual changes will result 
in one less observation – starting with the ratio of each indicator’s 
value in 2014 to its value in 2013 and so on to the relative change in 
2020 to 2019, as can be seen in Table 3.  

During clustering of industries on this set of relative values of 
changes in basic indicators, all observations were evenly distributed 
across the Kohonen map (whereby virtually every one of these relati-
ve indicators was also fairly evenly distributed across the map). Their 
standardization, which often helps to strengthen differences between 
groups of homogeneous objects, also proved to be fruitless in this case. 
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Table 3 

DATABASE WITH RELATIVE ANNUAL CHANGES IN INDICATORS OF LABOUR MARKET AND 

ECONOMIC DEVELOPMENT OF INDUSTRIAL SECTORS AND HIGH-TECH SERVICES 

Industry Year 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Pharmacy 2014/2013 1,048 1,087 1,000 1,000 1,208 1,947 1,147 1,077 1,020 1,445 1,602 1,331 

Pharmacy 2015/2014 0,955 1,040 0,833 0,882 1,293 1,647 1,327 1,101 1,001 1,160 1,356 1,440 

Pharmacy 2016/2015 1,048 1,077 1,000 0,957 1,379 1,566 1,336 1,081 1,744 1,079 1,299 1,259 

Pharmacy 2017/2016 1,045 1,071 0,867 0,886 1,087 1,073 1,256 0,916 1,250 1,292 1,169 1,224 

Pharmacy 2018/2017 1,043 1,033 1,000 0,910 1,153 0,982 1,210 0,970 1,261 1,439 1,189 1,222 

Pharmacy 2019/2018 1,000 1,032 0,923 0,926 1,234 1,064 1,165 0,984 1,228 1,175 1,125 1,080 

Pharmacy 2020/2019 1,042 1,063 1,333 1,345 1,093 1,023 1,083 0,981 1,074 1,084 1,057 1,090 

Computers 2014/2013 0,733 0,804 0,909 1,225 1,157 1,299 1,041 0,982 0,925 1,042 1,081 1,085 

Computers 2015/2014 0,909 1,000 0,800 0,886 1,169 0,718 1,438 1,193 1,084 1,105 1,025 1,310 

Computers 2016/2015 1,033 1,054 1,125 1,085 1,498 2,792 1,469 1,189 1,919 1,446 1,613 1,270 

Computers 2017/2016 0,871 0,897 0,778 0,945 1,232 0,378 1,326 0,968 1,320 1,338 1,111 1,623 

Computers 2018/2017 1,037 1,057 1,143 1,040 1,116 2,539 1,182 0,947 1,232 1,149 1,258 1,023 

Computers 2019/2018 0,929 0,946 0,875 0,946 1,073 1,027 1,176 0,993 1,240 1,124 1,109 1,062 

Computers 2020/2019 0,923 0,943 0,857 1,053 0,972 0,260 1,061 0,961 1,052 0,766 0,691 0,918 

Electrics 2014/2013 1,000 1,133 1,048 0,997 1,087 1,103 1,044 0,985 0,929 1,077 1,074 1,101 

Electrics 2015/2014 0,869 0,971 0,955 1,095 1,086 1,990 1,225 1,017 0,924 0,794 1,062 1,174 

Electrics 2016/2015 0,925 0,939 1,095 1,176 1,176 1,377 1,241 1,004 1,620 1,026 1,161 1,134 

Electrics 2017/2016 1,020 1,048 0,826 0,848 1,300 1,130 1,424 1,039 1,418 1,354 1,242 1,558 

Electrics 2018/2017 1,000 1,000 0,947 0,916 1,239 1,206 1,276 1,023 1,330 1,400 1,312 1,184 

Electrics 2019/2018 0,900 0,938 0,889 0,986 1,020 0,952 1,163 0,982 1,226 0,972 0,964 0,971 

Electrics 2020/2019 0,933 0,934 0,938 1,041 0,956 0,559 1,037 0,940 1,028 1,017 0,830 0,913 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Food 2014/2013 0,926 1,006 0,959 1,034 1,094 1,465 1,071 1,010 0,862 1,082 1,237 1,210 

Food 2015/2014 0,898 0,997 1,092 1,204 1,246 1,502 1,254 1,040 1,093 1,138 1,303 1,374 

Food 2016/2015 0,972 0,994 0,904 0,934 1,212 1,447 1,239 1,002 1,579 1,004 1,224 1,312 

Food 2017/2016 0,993 1,020 0,807 0,822 1,202 1,032 1,304 0,951 1,289 1,385 1,159 1,274 

Food 2018/2017 0,982 0,984 0,808 0,829 1,110 0,948 1,234 0,989 1,278 1,214 1,050 1,105 

Food 2019/2018 1,065 1,097 0,886 0,837 1,071 1,009 1,198 1,011 1,263 1,149 1,078 1,048 

Food 2020/2019 0,976 0,987 0,882 0,906 1,136 1,276 1,078 0,976 1,068 1,122 1,199 1,227 

Metallurgy 2014/2013 0,877 0,953 0,800 0,915 1,182 5,940 1,128 1,064 0,908 1,203 1,724 1,680 

Metallurgy 2015/2014 0,897 0,997 0,917 1,019 1,264 1,244 1,206 1,000 1,051 1,078 1,139 1,188 

Metallurgy 2016/2015 0,893 0,914 1,109 1,236 1,203 1,551 1,190 0,963 1,517 1,012 1,222 1,223 

Metallurgy 2017/2016 0,950 0,975 0,885 0,934 1,287 1,238 1,254 0,915 1,240 1,340 1,281 1,248 

Metallurgy 2018/2017 0,918 0,919 0,944 1,028 1,181 1,198 1,309 1,049 1,355 1,196 1,195 1,197 

Metallurgy 2019/2018 1,016 1,044 0,784 0,778 0,929 0,806 1,220 1,031 1,287 1,024 0,910 0,920 

Metallurgy 2020/2019 0,959 0,973 0,925 0,966 0,901 0,824 1,035 0,938 1,026 0,972 0,902 0,901 

Chemicals 2014/2013 0,949 1,038 1,000 1,051 1,018 0,260 1,091 1,029 0,878 0,906 1,030 1,045 

Chemicals 2015/2014 0,838 0,928 0,880 1,049 1,405 -4,31 1,256 1,042 1,095 1,139 1,409 1,769 

Chemicals 2016/2015 0,968 0,987 1,045 1,076 1,038 1,192 1,189 0,963 1,516 0,930 0,942 0,953 

Chemicals 2017/2016 0,933 0,961 1,130 1,203 1,124 0,428 1,273 0,929 1,258 1,275 1,109 1,218 

Chemicals 2018/2017 1,000 1,000 0,615 0,626 1,163 2,990 1,165 0,933 1,206 1,046 1,187 1,137 

Chemicals 2019/2018 0,964 1,000 0,875 0,910 1,028 0,352 1,289 1,089 1,360 1,105 0,967 1,022 

Chemicals 2020/2019 1,037 1,041 1,000 0,964 0,934 0,846 1,090 0,987 1,081 1,015 1,001 0,984 

Telecom 2014/2013 0,853 0,967 0,890 1,040 1,078 1,141 1,125 1,055 1,001 1,006 1,090 1,063 

Telecom 2015/2014 0,854 0,949 0,863 1,009 1,420 1,519 1,374 1,140 1,036 1,091 1,377 1,366 

Telecom 2016/2015 0,910 0,934 1,206 1,290 1,283 1,364 1,340 1,085 1,750 1,128 1,230 1,229 

Telecom 2017/2016 0,975 1,000 0,770 0,887 1,231 1,211 1,261 0,920 1,256 1,252 1,236 1,231 

Telecom 2018/2017 0,992 0,994 1,120 0,910 1,271 1,246 1,188 0,952 1,238 1,282 1,259 1,258 

Telecom 2019/2018 0,949 0,981 1,099 1,273 1,283 1,300 1,229 1,038 1,296 1,350 1,316 1,292 

Telecom 2020/2019 0,946 0,954 0,604 0,721 1,076 1,257 1,134 1,027 0,952 1,076 1,146 1,135 

R&D 2014/2013 0,904 1,027 0,835 0,930 1,048 1,267 1,061 0,995 1,071 1,013 1,097 … 

R&D 2015/2014 0,933 1,034 1,094 1,156 1,239 1,317 1,165 0,967 0,943 0,913 1,069 … 

R&D 2016/2015 0,938 0,967 0,914 0,976 0,959 0,937 1,231 0,997 0,878 1,008 0,975 0,955 

R&D 2017/2016 0,956 0,974 0,813 0,940 1,130 0,976 1,342 0,979 1,606 1,506 1,258 1,266 

R&D 2018/2017 1,069 1,071 1,115 0,953 1,347 1,378 1,249 1,001 1,739 1,345 1,352 1,388 

R&D 2019/2018 0,849 0,876 0,954 1,112 1,093 0,728 1,135 0,959 1,198 0,903 0,836 0,842 

R&D 2020/2019 0,987 1,000 0,916 1,024 1,033 1,328 1,106 1,001 1,096 1,027 1,045 1,033 

 

Therefore, a series of experiments on selecting factors from the full 
set presented in Table 3 for clustering had to be conducted. First of 
all, 3 relative indicators re calculated on the basis of already relative 
coefficients were discarded – The share of the average number of full-
time employees in the average number of full-time employees in the 
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economy of Ukraine as a whole, Share of the number of non-registered 
employees in the total average number of employees, The ratio of the 
average monthly salary of full-time employees to the average monthly 
salary in the Ukrainian economy as a whole. This was done, among 
other things, because there are other indicators in the set of factors that 
are substitutes for these ones, but calculated on absolute values. The 
experimental research gave grounds to exclude the relative change 
indicator calculated on the basis of Gross profit, mixed income (in con-
sumer prices), as it also has duplicate indicators: Gross value added 
(in consumer prices) and Gross domestic product (in consumer prices).  

The result of clustering high-tech and export-oriented industries 
and high-tech services based on the compiled list of 8 coefficients of 
annual changes in labour market and economic development 
indicators is shown in Fig. 7. 

 

 

Fig. 7. Distribution of values of indicators’ relative changes  
on the Kohonen map 
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The heat maps in Fig. 7 clearly show changes in the levels of 
indicators for different clusters, which indicates the identification of 
patterns in the set of studied objects (industries) and their distribution 
into homogeneous groups. Table 4 shows results of industries 
distribution by cluster over the years. 

 

Table 4 

RESULT OF INDUSTRIAL AND HIGH-TECH SERVICES SECTORS CLUSTERING BASED ON 

ANNUAL CHANGES IN CHARACTERISTIC INDICATORS 

Cluster Year Industry 

0 

2016/2015 Pharmacy, Computers 

2017/2016 Electrics, Food, Metallurgy, Telecom, R&D 

2018/2017 Pharmacy, Electrics, R&D 

1 
2014/2013 Electrics, Food, Chemicals 

2020/2019 Pharmacy, Electrics, Food, Metallurgy, Chemicals, R&D 

2 

2014/2013 Computers, Telecom 

2015/2014 Electrics 

2016/2015 R&D 

2019/2018 Electrics, R&D 

2020/2019 Computers, Telecom 

3 

2014/2013 Metallurgy 

2015/2014 
Pharmacy, Computers, Food, Metallurgy, Chemicals, 
Telecom 

2017/2016 Computers 

4 

2014/2013 Pharmacy 

2016/2015 Electrics, Food, Metallurgy, Telecom 

2017/2016 Chemicals 

2018/2017 Computers, Metallurgy, Telecom 

2019/2018 Telecom 

5 

2016/2015 Chemicals 

2017/2016 Pharmacy 

2018/2017 Food, Chemicals 

2019/2018 Pharmacy, Computers, Food, Metallurgy, Chemicals 
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As can be seen from Table 4, cluster 1 (located in the lower left 
corner of the Kohonen map, which is evident from the markings of the 
last map in Fig. 7) contains observations for most industries only for 2 
periods – 2014 to 2013, and 2020 to 2019. That is, during the most 
difficult years in the entire period of observation in this study – 
beginning of Russian aggression against Ukraine in 2014 and the first 
year of COVID-19 pandemic, when the economy and social sphere 
experienced significant challenges. For two more industries, 
Computers and Telecom, observations for these two periods fell into 
cluster 2, which is adjacent to the first one (moreover, to neurons that 
are close to the first cluster). According to the selected indicators, 
Pharmacy industry was placed in the lower left part of the fourth 
cluster. That is, in terms of the dynamics of changes of labour market 
and economic development, all industries in 2014 and 2020 were 
grouped in the lower left part of the Kohonen map. 

According to Table 3, these periods are characterized by lower 
growth in Output (in consumer prices) and Average monthly salary of 
full-time employees (nominal) compared to other years, even though 
these indicators are measured in UAH and it was in 2014 and 2020 
that the UAH exchange rate depreciated the most (i.e., in comparable 
prices, there would have been a significant decline in these indicators 
in general). 

However, for other indicators, differences in indicators by 
industries are observed both for these and other periods. For example, 
employment indicators (Average number of full-time employees and 
Average number of non-registered employees (attracted on the terms 
of civil law contracts and external part-time workers)) for high-tech 
industries and high-tech services sectors (especially for Manufacture 
of computers, electronic and optical products and Information and 
telecommunications) experienced the largest declines in 2014 and 
2020 compared to other industries. Meanwhile, in other years, the 
trend was reversed – these industries demonstrated the largest increase 
in the number of full-time and non-registered employees. 

Essentially, this can be explained by the fact that industries with 
large production facilities have historically been much more inertial in 
recruiting and dismissing personnel. In this sense, high-tech services 
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sector is much more mobile, and in the event of economic turmoil, it 
is much easier to lay off employees as well as to recruit specialists 
when economic conditions improve. 

It is also worth noting that in 2020, due to the spread of the 
COVID-19 pandemic, there was a significant decline in business activity 
around the world and a decrease in personal contacts between people. 
And while in industrial sectors manufacturing facilities cannot operate 
without direct involvement of human resources, and therefore there was 
almost no layoffs, high-tech industries (primarily in high-tech services) 
have experienced a real boom in transition to an online work format. 

Approximately a similar situation, albeit on a somewhat smaller scale, 
occurred in Ukraine in 2014, when, in the context of Russian aggression, 
a significant number of specialists were forced to relocate and, among 
other things, switch to online format at those enterprises where it was 
possible (with the exception of industrial enterprises, obviously). 

In summary, despite very serious economic challenges and real 
problems in most industries, 2014 and 2020 can be considered years of 
rapid development of digital technologies in high-tech industries (which 
fall into clusters 1 and 2 on the Kohonen map – see Table 4). As can be 
seen from the values of these industries’ indicators in Table 3, such 
transformations were accompanied by a reduction in the number of 
employees and a decrease in salaries (although this was not a direct 
consequence of the use of digital technologies – rather, technologies were 
introduced as a result of problems in the respective industries). 

And while the lower left corner of the Kohonen map is occupied by 
industries that have undergone the greatest transformation towards the 
digital economy, then according to the principles of cluster analysis, the 
opposite right side of the map corresponds to industries with the least 
digital transformation. These are mainly industrial sectors by the years of 
Ukraine’s economic recovery from 2015 to 2018. 

Research on the impact of employment indicators in the field of 
high-tech activities on indicators of macroeconomic dynamics 

In order to find new opportunities for macroeconomic growth, the 
authors of the article, using the data of the State Statistics Service of 
Ukraine [48], predicted both the Gross domestic product (GDP) (see 
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Fig. 8) and Gross value added (GVA) (see Fig. 9) in the economy of 
Ukraine by determining a linear trend (as the most appropriate one for the 
existing dynamics) with the allocation of upper and lower confidence 
limits in the trend, which characterize optimistic, realistic and pessimistic 
scenarios for the abovementioned indicators’ development. 

 

 
Fig. 8. Dynamics of gross domestic product in the economy of Ukraine (in 

actual prices, UAH million) 

 
Fig. 9. Dynamics of gross value added in the economy of Ukraine  

(in basic prices, UAH million) 
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A hypothesis is put forward that the probability of implementing 
the optimistic scenario of GDP and GVA dynamics under conditions 
of digitalization can be increased by optimizing the number and 
structure of those employed in the high-tech segment. 

In order to identify the dependence of Gross domestic product and 
Gross value added in the high-tech segment on the number and structure 
of employed, economic and mathematical models for forecasting these 
indicators were built on the basis of multifactor regression using such 
exogenous variables as Average number of full-time employees, '000 
people (Х1); The share of the average number of full-time employees in 
the average number of full-time employees in the economy of Ukraine as 
a whole, % (Х2); Average number of non-registered employees (attracted 
on the terms of civil law contracts and external part-time workers), '000 
people (Х3); Share of the number of non-registered employees in the total 
average number of employees, % (Х4); Average monthly salary of full-
time employees (nominal), UAH (Х5).  

Results of forecasting the gross domestic product and gross value 
added in certain export-oriented sectors of the economy of Ukraine are 
presented for comparison to argue for the effect of employment in the 
high-tech segment of the economy (see Table 5). Among the selected 
exogenous factors, the first four reflect absolute (number) and relative 
(share) employment indicators, and the fifth factor allows to assess in a 
generalized way the impact of employee qualifications and labour 
productivity, since the amount of nominal salary in part of the basic 
salary depends on employee qualifications, and in part of the additional 
salary – on both employee qualifications and labour productivity. 

Sensitivity analysis of each multifactor regression, based on the 
elasticity coefficient E(Y/Хі), revealed the degree of influence of each 
exogenous factor on GDP and GVA by areas of economic activity and 
industries. The elasticity coefficient E(Y/Хі) shows by how many 
percent the resulting indicator will change (increase/decrease) if the 
corresponding exogenous variable increases by 1%. Table 6 shows the 
main characteristics of employment indicators impact in high-tech 
segment and certain export-oriented industries on macroeconomic 
indicators, which suggest that one of the prerequisites for ensuring an 
optimistic scenario of positive macroeconomic dynamics is to 
improve the employment structure. 



 

 

Table 5 

A FORMALIZED VIEW OF MACROECONOMIC INDICATORS’ DEPENDENCE ON SELECTED EXOGENOUS FACTORS 

Macroeconomic 

 indicator 

Scope of activities 

Gross Domestic Product Gross Value Added 

High-tech manufacturing 

Manufacture of basic 
pharmaceutical products and 
pharmaceuticals 

Y1 = –3877,44 – 1398,50∙Х1 + 192838,29∙Х2 +  
+ 14132,97∙Х3 – 4151,97∙Х4 + 0,5957∙Х5 

Y2 = –791,11 – 1087,40∙Х1 + 130951,98∙Х2 + 
 + 111150,47∙Х3 – 3073,24∙Х4 + 0,0160∙Х5 

Manufacture of computers, 
electronic and optical products 

Y1 = 31351,30 – 621,57∙Х1 + 3989,47∙Х2 + 
 + 8695,44∙Х3 – 4781,21∙Х4 + 1,16∙Х5 

Y2 = 14791,86 – 533,95∙Х1 + 7232,95∙Х2 +  
+ 10261,28∙Х3 – 3411,31∙Х4 + 0,47∙Х5 

Manufacture of electrical 
equipment 

Y1 = –129458 + 1221,58∙Х1 + 68276,22∙Х2 – 

– 23072,30∙Х3 + 17436,99∙Х4 + 3,34∙Х5 
Y2 = –40355,70 + 260,04∙Х1 + 17120,82∙Х2 + 

 + 5041,82∙Х3 + 1082,52∙Х4 + 1,93∙Х5 

Certain export-oriented industries 

Manufacture of food, beve-
rages and tobacco products 

Y1 = 581406,90 – 1116,25 Х1 – 56390,20 Х2 + 
+ 7357,77 Х3 – 25099,70 Х4 + 31,63 Х5 

Y2 = 198113,20 – 714,67 Х1 + 10444,94 Х2 + 
+ 8094,28 Х3 – 23075 Х4 + 9,22 Х5 

Metallurgical production, 
manufacture of fabricated 
metal products (except 
machinery and equipment) 

Y1 = –905089 + 2630,42 Х1 + 82854,86 Х2 – 
– 125963,00 Х3 + 321540,30 Х4 + 8,82 Х5 

Y2 = –840689,00 + 2592,35 Х1 + 67437,52 Х2 –  
 – 121619,00 Х3 + 306940,50 Х4 + 7,93 Х5 

Manufacture of chemicals 
and chemical products) 

Y1 = –130691 + 2538,28 Х1 + 18764,83 Х2 – 
– 103047 Х3 + 60003,19 Х4 – 0,07 Х5 

Y2 = –56218,50 + 1045,09 Х1 + 12591,02 Х2 –  
– 40984,10 Х3 + 23627,42 Х4 – 0,17 Х5 

High-tech services 

Information and 
telecommunications 

Y1 = 164364,85 – 65,67∙Х1 + 97287,61∙Х2 – 
– 0,03∙Х3 + 3,16∙Х4 + 2,21∙Х5 

Y2 = –172907,68 – 20,96∙Х1 + 98342,43∙Х2 – 
– 569,96∙Х3 + 126,57∙Х4 + 12,21∙Х5 

Research and development Y1 = –24799,10 – 9,03∙Х1 + 33507,85∙Х2 +  
+ 532,80∙Х3 – 1504,18∙Х4 + 1,69∙Х5 

Y2 = –20870,60 + 35,58∙Х1 + 28279,38∙Х2 +  
+ 168,20∙Х3 – 1277,92∙Х4 + 1,48∙Х5 
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Table 6 

DEGREE OF EXOGENOUS FACTORS’ IMPACT ON MACROECONOMIC INDICATORS BY SCOPES OF ACTIVITIES 

Macroeconomic indicator Gross domestic product Gross value added 

Elasticity E(Y1/Х1) E(Y1/Х2) E(Y1/Х3) E(Y1/Х4) E(Y1/Х5) E(Y2/Х1) E(Y2/Х2) E(Y2/Х3) E(Y2/Х4) E(Y2/Х5) 

Scope of activity High-tech manufacturing 

Manufacture of basic 
pharmaceutical products 
and pharmaceuticals 

-1,43 2,48 0,95 -1,17 0,34 -2,57 3,89 1,74 2,00 0,02 

Manufacture of computers, 
electronic and optical 
products 

-1,54 0,12 1,17 -2,04 0,75 -4,15 0,69 4,32 -4,57 0,94 

Manufacture of electrical 
equipment 

3,62 2,48 -2,58 3,71 1,23 1,35 1,09 0,99 0,40 1,25 

Certain export-oriented industries 

Manufacture of food, beve-
rages and tobacco products 

-1,40 -0,88 0,42 -0,46 0,86 -2,28 0,41 1,17 -1,07 0,64 

Metallurgical production, 
manufacture of fabricated 
metal products (except 
machinery and equipment) 

9,32 3,60 -10,62 11,63 1,17 10,00 3,19 -11,17 12,09 1,14 

Manufacture of chemicals 
and chemical products) 

7,62 0,69 -10,29 9,33 -0,02 7,84 1,16 -10,23 9,19 -0,15 

High-tech services 

Information and 
telecommunications 

-0,07 1,27 0,01 -0,05 1,17 -0,02 1,39 -0,07 0,01 1,22 

Research and development -0,05 2,27 0,29 -0,83 0,79 0,21 2,01 0,10 -0,74 0,72 
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In particular, in the models of Gross domestic product and Gross 
value added dependence on exogenous factors, the share of the 
average number of full-time employees in high-tech industrial sector 
“Manufacture of basic pharmaceutical products and pharmaceuticals”, 
export-oriented industrial sector “Metallurgical production, 
manufacture of fabricated metal products (except machinery and 
equipment)” and high-tech services sectors (“Information and 
telecommunications”, “Research and development”) in the average 
number of full-time employees in the economy as a whole has the 
largest positive impact on their change. On the other hand, for the 
high-tech industry “Manufacture of computers, electronic and optical 
products” and the export-oriented industry “Manufacture of chemicals 
and chemical products”, the share of the number of non-registered 
employees in the total average number of employees has the strongest 
impact on macroeconomic dynamics. Herewith, the elasticity 
coefficient is negative in the first of these industries, and positive in 
the second, which means that it would be advisable to reduce the scale 
of employment of workers on the terms of civil law contracts and 
external part-time workers in the high-tech industry “Manufacture of 
computers, electronic and optical products” and, accordingly, to 
increase the share of this category of employees in the export-oriented 
industry “Manufacture of chemicals and chemical products”. 

The values of elasticity coefficients we obtained indicated that the 
average monthly salary of full-time employees in the studied 
industries, which, according to our assumption, indirectly reflects the 
qualification component of the employed, is not the dominant 
exogenous factor influencing changes in Gross domestic product and 
Gross value added. 

Conclusions 

Critical synthesis of available scientific findings, carried out with 
the aim of developing the theoretical construct of the employment-
XXI model, demonstrates the dynamic scaling of digital economy in 
global economic space, which causes profound multi-vector shifts in 
employment sphere on the level of national economies and their sphe-
res, industries, and segments. Development of digital technologies, 



EMPLOYMENT IN THE… A. Kolot, O. Herasymenko, A. Shevchenko, I. Ryabokon 

115 

which produce new employment mechanisms, influences job system 
reformatting with the elimination of a significant share of traditional 
jobs and, in parallel, with an increase in the scale of employment 
based on the potential of breakthrough technologies of digital age. 

One of the vectors of economic digitalization in social and labour 
space is the formation of digital employment, the subject of which is a 
“digital employee” – an economically active person with digital 
competencies who provides digital services (basic smart-employment) 
and creates new digital products or improves existing ones (digital 
smart-employment). 

The authors’ hypothesis, which was substantiated in this article, is 
the assumption that the scale and structure of employment under the 
influence of digitalization will change intensively in at least two 
dimensions – constructive and destructive. Constructivism of such 
changes will be manifested in scaling up employment of 
representatives of professions that are in demand in digitalization era 
(the “rising stars” group) and will have a constructive, generative 
character of changes, while the destructiveness, respectively, will be 
manifested in a significant reduction in employment of representatives 
of professions whose functions  during  digitalization era are taken 
over (the “dying professions” group) and will have a predominantly 
destructive, “emasculating” character of changes. 

The authors make a reasonable assumption that professions in 
demand in the digital era are mostly concentrated in the high-tech 
segment, where both the creation of digital products and their general 
usage take place. 

An analysis of trends based on statistical data from the Interna-
tional Labour Organization suggests that employment rates globally, 
in Europe as a whole, and in Ukraine will not show a downward trend 
in the near future, and unemployment will be declining in the short 
term, delaying predicted “unemployed future” in time. 

There is every reason to conclude that one of the defining trends in 
the rise of digital economy is the growth of high-tech sector, where 
employment optimization, in our opinion, will contribute to improve-
ment of macroeconomic situation both globally and nationally. 

The impact of employment in a number of high-tech industries and 
high-tech services sectors on dynamics of such macroeconomic 
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indicators as gross domestic product and gross value added was studied 
in order to verify reliability and substantiation of our hypothesis that 
constructive and destructive effects of digitalization can be enhanced, 
reduced or completely eliminated depending on the action of a number of 
factors that determine the sectoral structure of employment. For this 
purpose, the authors of the article have formed a set of characteristic 
socio-labour and socio-economic indicators using the cluster analysis 
methodology and Kohonen self-organizing maps toolset, which allowed, 
based on the data of the State Statistics Service of Ukraine for the period 
from 2013 to 2020, to analyze the state of development of each industry 
by the structure of employed and economic development among other 
sectors of economy, as well as to study trends in changes in industry state 
in dynamics under conditions of digitalization. 

As a result of using Deductor Studio Academic software package 
for building self-organizing maps, an uninformative clustering result 
was obtained, which confirmed the separate distribution of industries 
into seven clusters, since the industries are too different from each 
other primarily in terms of economic development and to a lesser 
extent, although still significantly, in terms of the number and 
structure of employed. 

According to constructed Kohonen self-organizing map, in terms 
of profitability and salary (nominal and real), high-tech service 
organizations (R&D and especially Information and 
Telecommunications) significantly prevail over certain high-tech and 
export-oriented industries (Manufacture of computers, electronic and 
optical products, Manufacture of electrical equipment, and 
Manufacture of chemicals and chemical products). 

Since the differences between the values of indicators in different 
industries vary greatly, it is not advisable to standardize or normalize 
them in order to reduce the excessive influence of individual 
indicators. Therefore, a set of relative predictors was formed in order 
to study dynamics of industries’ development in comparative 
dimensions. As a result of industries’ clustering based on a set of 
relative values of changes in basic indicators, all observations were 
evenly distributed across the Kohonen map, and their standardization, 
which often helps to strengthen differences between groups of 
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homogeneous objects, also turned out to be ineffective. A series of 
experiments on selecting factors for further clustering allowed 
identifying changes in the levels of indicators for different clusters, 
which confirmed the regularities in the set of studied objects 
(industries) and their distribution into homogeneous groups, taking 
into account the time factor – 2014 to 2013, and 2020 to 2019, i.e., at 
the beginning of Russian aggression against Ukraine in 2014 and in 
the first year of COVID-19 pandemic, when economy and social 
sphere experienced significant challenges. 

At the same time, employment indicators (Average number of full-
time employees and Average number of non-registered employees 
(attracted on the terms of civil law contracts and external part-time 
workers)) for high-tech industries and high-tech services sectors 
(especially for Manufacture of computers, electronic and optical 
products and Information and telecommunications) in 2014 and 2020 
showed the largest decrease compared to other industries. In contrast, 
in other years the opposite trend was observed – the growth in the 
number of full-time employees and non-registered personnel in these 
industries was the largest. The argument for the identified trends can 
be, firstly, historically formed much greater inertia in recruiting and 
dismissing personnel in industries with large production enterprises 
and significant mobility of personnel processes in the field of high-
tech services, which has been confirmed by the need to maintain 
standard employment in industrial sector of Ukraine’s economy and to 
scale up online format of labour activity and relocation of employees 
in the field of high-tech services during COVID-19 pandemic and at 
the beginning of Russian military aggression. Thus, according to the 
results of clustering, 2014 and 2020 can be considered the years of 
rapid development of digital technologies in high-tech industries that 
fell into clusters 1 and 2 on the Kohonen map we have built. 

Our forecasts of gross domestic product and gross value added in 
Ukraine’s economy, with identification of upper and lower confidence 
limits in the trend, allowed us to model optimistic, realistic and 
pessimistic scenarios for these macroeconomic indicators. At the same 
time, a hypothesis has been put forward and proven that probability of 
realization of optimistic scenario for dynamics of gross domestic 



Ne u ro - Fu zzy  M o de l i n g  Te c hn i q ue s  i n  E co n o m i cs  2022, VOL. 11 

118 

product and gross value added under conditions of digitalization can 
be increased by optimizing the number and structure of employees in 
high-tech segment. This is substantiated by the multi-factor regression 
equations and elasticity coefficients’ values, which characterize the 
degree of influence of each exogenous factor on resulting indicators 
by spheres of economic activity and industries. Thus, according to the 
modeling results, the largest positive impact of such an exogenous 
variable as the share of the average number of full-time employees in 
the high-tech industrial sector “Manufacture of basic pharmaceutical 
products and pharmaceuticals” and high-tech services sectors 
(“Information and telecommunications”, “Research and 
development”) in the average number of full-time employees in the 
economy of Ukraine as a whole on dynamics of gross domestic 
product and gross value added was revealed. In contrast, advisability 
of reducing the scale of attracting employees under civil law contracts 
and external part-time workers in the high-tech industry “Manufacture 
of computers, electronic and optical products” and increasing the 
share of such category of employees in export-oriented industry 
“Manufacture of chemicals and chemical products” has been foreseen. 
The average monthly salary of full-time employees in studied 
industries, which, as an exogenous factor, indirectly reflects 
qualification component of employed, is not the dominant factor 
influencing changes in gross domestic product and gross value added. 

As the study results demonstrate, modeling dependencies of 
macroeconomic indicators on metrics that directly or indirectly 
characterize quantitative and qualitative determinants of employment in 
digital economy on the basis of industry, allows developing a scientific 
and applied construct of the employment-XXI model and identifying 
vectors for improving employment policies, mechanisms and toolset in 
national economies for sustainable socio-economic development. 

We urge everyone who studies employment issues to jointly expand 
the horizons of scientific research, go beyond the essence of certain 
mono-phenomena and processes, and not play terminological jousting 
by considering secondary phenomena and processes that do not 
contribute to the growth of knowledge. In the greater scheme of things, 
the point is not so much in new terms, statement of obvious facts, 
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demonstration of disordered statistical data that have flooded  
economic, social and labour literature, but in a fundamental 
understanding and applied research (using economic and mathematical 
modeling tools) of the nature of phenomena and processes of 
standard/non-standard typical/atypical, traditional/remote employment 
that unfold in the “field” of social and labour development of the digital 
age, their obvious and latent essential characteristics that lay foundation 
for a new reality in the world of labour and employment. 
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Formulation of the problem 

The deepening of crisis phenomena in the global and domestic 
economies, which is caused by the influence of various factors, 
primarily the long-lasting coronavirus pandemic and the military 
invasion of the Russian Federation in Ukraine, leads to significant 
changes in the operating conditions of enterprises, changes in the 
management paradigm, and even strategic imperatives in their 
activities. These conditions are characterised by an extremely high 
level of uncertainty, dynamism, and difficulty in forecasting, which 
necessitates the application of new scientifically grounded 
methodologies for analysis, evaluation, and consideration of trends to 
ensure adequate and timely responses to challenges generated by the 
external environment. 

One of the most critical stages in the strategic process is the 
analysis of the developed strategic alternatives with their subsequent 
evaluation and selection of a strategy to be implemented at the 
company. Therefore, consideration of the possibilities of improving 
the toolkit for solving this problem by considering the vagueness and 
ambiguity of the input information is an utter priority. 

 

Analysis of recent research and publications 

A substantial number of studies have been conducted on the 
theoretical and methodological aspects of strategic planning of 
companies’ activities, in particular, by such well-known scholars as: 
S. Abraham [1], I. Ansoff [4], F. David [8, 9], L. Fahey, R. Randall 
[12], K. Fleisher, B. Bensoussan [13], W. Glueck, L. Jauch [17], 
R. Grant [18], D. Hussey [23, 24], G. Johnson, K. Scholes, 
R. Whittington [26], Ph. Kotler, R. Berger, N. Bickhoff [28], 
J. Lampel, H. Mintzberg, J. Quinn, S. Ghoshal [32], S. Leleur [34], 
A. Thompson, A. Strickland [43], T. Wheelen, J. Hunger, A. Hoffman, 
C. Bamford [44] and others. 

In the last decade, one of the most prospective areas of applied 
research in strategic management has been the use of methods and 
models of fuzzy set theory [45], which have a high degree of 
adaptability to expert data, are flexible enough and adequate to the 
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input information. A large number of publications examine the 
problems of strategic management through the prism of applying 
classical tools in a fuzzy framework. Thus, in [37], a fuzzy QSPM 
model is suggested. The authors [25] use the Fuzzy ANP method to 
determine the internal dependence among the parameters of the 
SWOT model and calculate their importance to select the best 
strategies for a textile enterprise. A similar idea is used in the research 
[14], but the VIKOR method is used for ranking strategies. In [38], 
the classical QSPM model is used as the primary analysis tool, while 
fuzzy TOPSIS determines the priority of strategic alternatives.  

In [16, 42], fuzzy additive weighting using the Fuzzy SAW 
method is applied for selecting a maintenance strategy. In [15], a 
hybrid model based on SWOT analysis and Fuzzy AHP is 
constructed, with criteria and sub-criteria for evaluation being 
determined through SWOT analysis, and the Fuzzy AHP method is 
used for evaluating and ranking internal and external factors affecting 
competition in the education sector. Strategic selection is based on 
synchronising strategies obtained from the IE matrix and strategies 
developed based on SWOT analysis. The author [30] selects a strategy 
for the university based on Fuzzy AHP.  

In [5], a model for evaluating and selecting enterprise strategies 
based on a modification of the classical quantitative strategic planning 
matrix is developed, with fuzzy multi-criteria evaluation methods 
being used to achieve the set goals (Fuzzy AHP for calculating the 
importance of analysis directions and evaluation criteria, and Fuzzy 
SAW for determining fuzzy integral evaluations of strategic 
alternatives according to these directions and overall). In addition to 
traditional criteria for evaluating strategic alternatives, it is proposed 
to consider the potential ability to achieve defined strategic goals. 
Strategic alternatives are ranked based on the defuzzified values of the 
obtained integral fuzzy evaluations.  

For selecting a company’s marketing strategy, a Mamdani fuzzy 
inference system is applied in [27], while the fuzzy analytic network 
process (FANP) is used in the study [22], and VIKOR and Fuzzy 
AHP are applied in work [36]. To select an enterprise management 
strategy to ensure its financial stability, the problem of diagnosing 
bankruptcy was being solved using methods of fuzzy sets [29] and 
fuzzy logic [35]. 
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However, despite the growing number of publications in the field 
of strategic planning using the theory of fuzzy sets and fuzzy logic, 
there are issues related to improving the existing methodological 
approaches to evaluating and selecting strategies for their 
implementation at the company. 

The aim and tasks of the research 

The article aims to analyse the current state of research on the 
problems of evaluation and selection of strategies in the strategic 
process and develop an approach to their stratification based on the 
Fuzzy Extension of Simplified Best-Worst Method (F-SBWM), 
superposition of the built fuzzy evaluation matrices and application of 
the developed productive rules to identify strategic alternatives 
belonging to the corresponding hierarchical groups. 

Results 

The problem of evaluating strategies and making other strategic 
choices is an essential element of strategic planning at the enterprise, 
as the cost of miscalculations at this stage can be extremely high. It is 
considered that choosing from alternative strategy options is the least 
structured of all the decisions made by managers.  

As G. Day notes in [10], “an unsuccessful choice of strategic 
direction is very costly for the company: its limited financial resources 
are scattered, valuable time is wasted, and managers neglect other 
(promising) opportunities, as they try to compensate for the losses 
caused by the failed option”. In the worst case, choosing the “wrong” 
strategy can even lead to the destruction of the organisation and 
bankruptcy of the enterprise. In the words of Professors W. Glueck 
and L. Jauch, evaluating a strategy is a process through which 
strategists determine the extent to which a strategy can achieve its 
goals [17]. 

It should be noted that the process of evaluating strategies in 
current conditions requires significant improvement of traditional 
(classical) methodological approaches and the development of new 
methods and tools, which is related to several reasons and 
trends, including: 
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1) a sharp increase in uncertainty, instability, dynamics, and 
turbulence in the operating environment of enterprises; 

2) the increasing complexity of forecasting the future and the need 
to use the scenario approach and other modern predictive methods, 
and the need not just to predict or plan the company’s activities but to 
make precise, thorough, multivariate current and future forecasting in 
constantly changing complex conditions; 

3) reduction of the time interval of “reliable” forecasting and, 
accordingly, planning due to changes, events, and phenomena that 
bring elements of chaos, spontaneity, imbalance and disorder into the 
activities of organisations; 

4) a large number of factors, parameters, variables, and criteria that 
need to be applied in the evaluation process; 

5) the use of cutting-edge information technologies, expert 
systems, and strategic decision support systems, rapid, practical 
innovations that radically change the traditional paradigm of strategic 
management; 

6) the focus of modern companies on constantly increasing the 
speed of bringing products to market, with a simultaneous trend of 
reducing product life cycles and their rapid replacement; 

7) the transformation of methods, rules, and conditions of 
conducting business in each country and, accordingly, the 
intensification of competition, which necessitates constant monitoring 
of sales markets, and competitors’ activities, studying their strategic 
behaviour, and modelling future development parameters. 

It should be noted that the evaluation of the strategy can be carried 
out both at the stage of selecting strategies for implementation at the 
enterprise and when exercising control over the execution in case of 
necessary adjustments depending on the change in the influence of 
external factors or changes in internal factors. Accordingly, four main 
approaches are applied in the field of strategy evaluation (strategic 
alternatives) in strategic management [2]: 

– goal-centred approach, in which two implementations are 
possible: a) retrospective (and current) assessment of the degree of 
achievement of pre-defined strategic goals; b) the use of a tool that 
allows assessing, through expert methods, the potential ability to 
achieve these strategic goals in the future, i.e., to obtain relevant 
predictive estimates of the future “performance” of strategies; 
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– the comparative approach compares the company, its strategy, 
and the effectiveness of its activities with similar companies; 

– the improvement approach assesses how the strategy evolves 
and improves over time; 

– the normative approach does not compare the developed 
strategy with a single, defined, theoretically ideal strategy (which does 
not exist), but as R. Rumelt claims, “instead, it assesses whether the 
developed strategy has characteristics typically associated with 
successful, effective strategies. This only points to general factors 
associated with success in the chosen field of activity and does not yet 
explain the differences in productivity between firms” [41]. 

From the analysis of the above approaches to evaluating strategies 
(strategic alternatives), two approaches – the goal-centred (which 
allows assessing the potential ability to achieve goals) and the 
normative approach can be applied to evaluate the long-term 
advantages of the strategy and strategic choice (Fig. 1). 

 
 

 

Application at the stage of strategic choice 

Application at the stage of strategy implementation 

1. The  

goal-centred 

approach 

2. The  

comparative 

approach 

3. The  

improvement 

approach 

4. The 

normative 

approach 

 

Fig. 1. Application of methodological approaches to strategy  
evaluation at the stages of the strategic process 

It should be noted that the normative approach focuses on 
critical factors that affect the future situation and relies on a specific 
type of rational logic for conducting the evaluation. Goal-centred 
approach with retrospective evaluation of the degree of its 
achievement, comparative and improvement approaches are more 
focused on measuring business efficiency, strategy performance, 
which is being implemented, and which can be directly observed and 
are essential for operational reasons. In this study, the emphasis will 
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be on evaluating strategic alternatives to select them for 
implementation in the enterprise. 

Let us consider some meaningful relationships and statements of 
fuzzy set theory that will be necessary when addressing the tasks of 
this study. 

In this paper, a triangular representation of a fuzzy number will be 

used );;(
~

321 aaaA   (Fig. 2) with corresponding membership 

function (1). 
 

1a   

1,0 

 )(~ x
A

  

2a  3a  

 x  

 

Fig. 2. Graphical representation of a fuzzy number  
with a triangular membership function 

 





























.,0

];;[,

];;[,

;,0

)(

3

32

32

3

21

12

1

1

~

ax

aax
aa

ax

aax
aa

ax

ax

x
A

   (1) 

Note that if );;(
~

321 aaaA   and );;(
~

321 bbbB   – fuzzy numbers, 

then: 

);;();;();;(
~~

332211321321 babababbbaaaBA  , (2) 

);;();;)()(;;(
~

)(
~

132231321321 babababbbaaaBA  , (3) 

);;();;();;(
~~

332211321321 babababbbaaaBA  , (4) 

)/;/;/();;)()(;;(
~

)(
~

132231321321 babababbbaaaBA  , (5) 
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);;();;(
~

321321 cacacaaaacAc  , 0c ,  c  – const , (6) 

);;();;(
~

123321 cacacaaaacAc  , 0c ,  c  – const . (7) 

If );;(
~

321 iiii aaaA  , ni ,1 , then 

 
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aaaaaaA
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. (8) 

By [33], the COA (Center of Area) method (9) is used for the 

defuzzification of a fuzzy triangular number );;(
~

321 aaaA  : 

1
1213

3

)()(~
a

aaaa
Adef 


 .   (9) 

To implement this model, the author proposes a methodological 
approach based on the fuzzy set theory [45], the main stages of which 
are shown in Fig. 3. 

At stage 1, the enterprise and strategic analysts thoroughly 
diagnose the it and its environment using appropriate tools (EFE and 
IFE matrices, ETOM method, PEST analysis, SWOT analysis, 
competitive analysis methods, etc.). 

Stage 2 – formation of a working group of experts with 
professional knowledge, experience and authority. Including external 
experts with relevant competencies in the problem area and 
qualifications is also advisable. 

Stage 3 is a crucial part of the strategic process because it enables 
the creation of a list of strategic options utilising traditional planning 
tools (correlation SWOT analysis, portfolio analysis matrices – 
Ansoff, IEM, BCG, GE-McKinsey, SPACE), and their modification 
based on fuzzy methodology. As G. Day notes, “... the best strategic 
choice is made when decision-makers are looking for and discussing 
several alternatives at the same time. Diversity gives managers a basis 
for comparison and boosts creativity by offering combinations of 
different strategies” [10].  

We denote the strategic alternatives obtained for evaluation 

}...;;;{ 21 nssss  , where n  – their number. 
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Fig. 3. Stages of stratification of strategic alternatives for the enterprise  

 

Stage 2. Forming an expert group for assessing the importance of identified factors and 

defined strategic alternatives. 

Stage 8. Evaluation of strategic alternatives according to criteria: 

Stage 1. Conducting a strategic analysis of the enterprise (methods: EFEM, ETOM, IFEM, 

PEST analysis, SWOT analysis, competitive analysis methods, etc.). 

Stage 3. Formation of strategic 

alternatives (methods: correlation 

SWOT-analysis, portfolio analysis 

(Ansoff matrix, IEM, BCG, GE-

McKinsey, SPACE, etc.)). 

Stage 12. Superposition of fuzzy matrices (O – T) and (S – W), and formation of production 

rules for stratification of strategic alternatives. 

a) utilization of the enterprise's 

opportunities; 

b) ensuring response to threats to 

the enterprise; 

c) improving and strengthening the 

strong sides of the enterprise; 

d) improving the weak sides of the 

enterprise. 

Stage 4. Identification of external 

environment influence factors (forming lists 

of threats and opportunities) and internal 

environment factors (strengths and 

weaknesses). 

Stage 5. Evaluation of the importance of identified factors by groups using F-SBWM: O – 

opportunities, T – threats, S – strengths, W – weaknesses. 

Stage 11. Construction of fuzzy matrices: 

Opportunities – Threats (O – T) Strengths – Weaknesses (S – W) 

 

 

 

 

Stage 13. Stratification of strategic alternatives. 

 

 

 

 

Stage 14. Solving the problem of choosing strategies for implementation in the enterprise. 

Stage 6.  
Checking the consistency of expert  

assessments 

+ 

– Applying the Fuzzy 

Delphy Method. 

Stage 9. 
Checking the consistency of expert  

assessments 

– Applying the 

Fuzzy Delphy 

Method. 

 

Stage 7. Aggregation of weight coefficients for factors according to the analysis directions. 

Stage 10. Aggregation of expert assessments of strategic alternatives. 

+ 
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During implementation of Stage 4, it is supposed to identify the 
criteria for evaluating the formed strategic alternatives. This is one of 
the most challenging moments in the analysis procedure and the 
choice of a strategy for implementation since the choice of a system of 
evaluation criteria depends on many factors, in particular, on the 
sectoral affiliation of the enterprise, the level of competition in the 
industry, the size and competitive position of the enterprise, etc. As 
G. Day [10] notes, “the debate over which alternatives to choose will 
only be productive when the alternatives are compared in terms of the 
strategic pillars that underlie shareholder value creation.” 

In the literature, there is a serious controversy on the requirements 
or criteria for evaluating strategies. In particular, G. Day [10] suggests 
checking each strategic alternative using the following tests: 

– test 1: How attractive is the market opportunity? 
– test 2: How sustainable is the competitive advantage? 
– test 3: What are the prospects for successful implementation? 
– test 4: Are the risks acceptable? 
– test 5: Will the forecast financial results be achieved and increase 

shareholder value? 
D. Hussey [24], based on practical experience, identified several 

questions, the answers to which can make it possible to check whether 
there are elementary errors in the strategy: 

– is the strategy identified and clearly stated? 
– has it considered competitors and the industry structure? 
– does it match the realities of the market? 
– is the geographical scope appropriate? 
– is it consistent with environmental forces? 
– are the levels of risk acceptable? 
– does it enhance shareholder value? 
– does it match corporate competence and resources? 
– does it match the company culture? 
– does it have an appropriate time horizon? 
– does the plan have internal consistency? 
The authors [43] suggest considering the following criteria for 

choosing a strategy: 
1) Compliance with the environment. The strategy must comply 

with the conditions of competition, market opportunities and threats, 
and other aspects of the external environment. At the same time, the 
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strategy should also consider the company’s strengths and weaknesses, 
its competence, and competitive opportunities. A strategy must match 
the internal and external environments to achieve the desired results. 

2) Competitive advantage. The strategy must provide a sustainable 
competitive advantage. The greater the competitive advantage the 
strategy provides, the higher the efficiency and return. 

3) Efficiency. The better strategy choice is confirmed by improving 
two parameters – profitability and strengthening the competitive and 
market position. 

According to the views of Ph. Kotler and his colleagues [28], in 
order to solve various problems, a strategy must meet five basic 
requirements: 

– integration (the strategy should include all areas and activities of 
the company); 

– awareness (the person making a strategic decision must act 
consciously and intentionally); 

– action orientation; 
– methodicity (third parties must understand the strategy); 
– its goal is not only to solve complex tasks but also to achieve 

long-term success. 
R. Rumelt [41] proposed a system of criteria for evaluating 

strategies, which contains the following requirements: 
– consistency: the strategy must not present mutually inconsistent 

goals and policies; 
– consonance: the strategy must represent an adaptive response to 

the external environment and to the critical changes occurring within it; 
– advantage: the strategy must provide for the creation and/or 

maintenance of a competitive advantage in the selected area of activity; 
– feasibility: the strategy must neither overtax available resources 

nor create unsolvable sub problems. 
The authors [31] proposes that during strategic decision-making, 

strategic alternatives should be analysed through four interconnected 
lenses: financial, market, competitive advantage, and operating model. 
G. Johnson, K. Scholes and R. Whittington [26] propose three 
universal evaluation criteria, each of which is decomposed into a 
series of questions through decomposition: 

1. Suitability – can be assessed by the degree of its correspondence 
to the needs identified during the strategic analysis. Such a suitability 
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test is sometimes viewed as a test for adequacy to external 
environmental factors and organisational resources, as well as for 
consistency with organisational goals: 

a) the strategy should solve a strategic problem or implement the 
opportunities identified during the strategic analysis; 

b) the strategy must correspond to the goals of the organisation, both 
financial and non-financial performance indicators of the organisation; 

c) the strategy must correspond to the state and requirements of the 
environment. It is checked to what extent the strategy is related to the 
requirements of the main subjects of the environment, to what extent 
the factors of market dynamics and the dynamics of the development 
of the product life cycle are taken into account, whether the 
implementation of the strategy will lead to the emergence of new 
competitive advantages, etc.; 

d) the strategy should be based on appropriate organisational 
resources and capabilities and consider their potential in using 
external opportunities. In this case, it is evaluated to what extent the 
chosen strategy is related to other strategies, whether the strategy 
corresponds to the capabilities of the staff, whether the existing 
structure enables the successful implementation of the strategy, 
whether the strategy implementation program is verified, etc. 

2. Feasibility of the proposed strategy – involves analysing the 
strategy in terms of how well it works in practice and how difficult it 
is to implement. In the evaluation process, it is necessary to answer 
the following questions: 

a) are there enough resources to implement this strategy? 
b) can the company achieve the required level of operational indi-

cators, for example, in terms of quality or level of service provision? 
Will a strategy aimed at reducing costs lead to such negative 
consequences as a lack of experienced management personnel and 
qualified employees, an outdated technological process or product; 

c) how will competitors react, and how will the organisation 
respond to their actions? 

3. The acceptability of the proposed strategy is an assessment of 
the potential perception by stakeholders of the expected results of the 
implementation of this strategy, such as risk, profit, reward, ethics, 
and the impact of the relations of the parties. The following questions 
are offered for such a test: 
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a) what will be the financial efficiency of the company? What is 
the ratio of costs and benefits from the activity? Is there an unaccep-
table risk to the company’s overall liquidity or capital structure? 

b) is there a risk of unacceptable deterioration of the company’s 
relations with its stakeholders? Will the proposed strategy alienate 
employees, shareholders, existing customers, or government entities? 

c) what will be the impact of the proposed strategy on internal 
systems and processes? Even if the strategy seems feasible, will it not 
be a source of additional stress for the company’s employees? 

The three mentioned above strategies evaluation criteria are a set 
of primary tools for making strategic choices. They encourage 
managers to openly discuss the implications of proposed strategies 
and even assess the degree of risk and uncertainty associated with 
them. These criteria make it possible to assess the acceptability of the 
strategy for stakeholders. However, the developed strategy may only 
be helpful if the organisation creates a mechanism for its implementa-
tion. This is a separate big problem, which includes building adequate 
strategies of organisational structures, financing functional strategies, 
selecting managers with leadership qualities, and creating a corporate 
culture that enables all employees to reveal their qualities better. 

According to S. Abraham [1], regardless of the process used to 
generate strategic alternatives, each resulting alternative must be 
rigorously evaluated in terms of its ability to meet four criteria: 

1. Mutual exclusivity: doing any one alternative would preclude 
doing any other. 

2. Success: it must be feasible and have a good probability of success. 
3. Completeness: it must take into account all the key strategic issues. 
4. Internal consistency: it must make sense on its own as a 

strategic decision for the entire firm and not contradict key goals, 
policies, and strategies currently being pursued by the firm or its units. 

Other criteria can be used besides the above: complete coverage of 
all critical aspects of the activity, degree of risk, etc. 

In this study, the criteria of the classic quantitative strategic 
planning matrix (Quantitative Strategic Planning Matrix – QSPM) [9] 
are used to make a strategic choice. It should be noted that in it, the 
assessment of the priority of strategic alternatives is carried out in two 
directions: external – how effectively the company's strategies use 
existing opportunities and minimise the possible negative consequen-
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ces of threats generated by the external environment, and internal – 
determining the level of “strategy influence” on improving the 
internal state of the enterprise or its strategic business units, i.e. to 
what extent this strategy allows to “strengthen” its strengths and 
improve its weaknesses [5].  

In accordance with this, factors of the external environment that 
significantly affect the enterprise are determined – favourable oppor-

tunities }...;;;{ 21

O

m

OOO
OFFFF   and threats }...;;;{ 21

T

m

TTT
TFFFF  , 

and essential factors of the internal environment – strengths 

}...;;;{ 21

S

m

SSS
SFFFF   and weaknesses }...;;;{ 21

W

m

WWW
WFFFF  , 

moreover WSTO mmmm ;;;  – the number of factors identified by the 

directions of analysis O, T, S, W, respectively. 
For example, for a domestic enterprise operating in the regional 

market to produce and sell food products, the identified lists of these 
factors are given in the Tables 1 and 2. 

 

Table 1 

CRITICAL INTERNAL SUCCESS FACTORS OF THE ENTERPRISE 

 List of critical internal success factors of the enterprise 

Strengths SF1
 – availability of raw materials and availability of resources; 

SF2
 – high level of management; SF3

 – high level of business 

reputation; SF4
 – a wide range of products; SF5

 – modern 

production technologies; SF6
 – powerful advertising support; 

SF7
 – compliance of the company’s products with standards and 

environmental regulations; SF8
 – high-quality products. 

Weaknesses WF1
 – a depreciation of fixed assets; WF2

 – insufficiently high 

qualification of personnel; WF3
 – little experience in the market; 

WF4
 – the level of marketing is not high enough;  

WF5
 – low consumer commitment; WF6

 – low level of strategic 

flexibility; WF7  – the unstable financial condition of the 

company; WF8  – insufficient funds for the implementation of 

innovative projects. 
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Table 2 

CRITICAL EXTERNAL FACTORS INFLUENCING THE ENTERPRISE 

 List of critical external success factors of the enterprise  

Opportunities OF1
 – consumer attachment to domestic food products;  

OF2
 – availability of raw material suppliers; OF3

 – development 

of unique production technologies; OF4
 – expansion of the sales 

network; OF5
 – access to international markets; OF6

 – 

introduction of stricter requirements for product quality control. 

Threats TF1
 – strengthening and intensifying the level of competition; 

TF2
 – decline in the purchasing power of buyers; TF3  – a price 

increase of products; TF4
 – capacity building by competitors;  

TF5
 – increase in the inflation rate; TF6

 – dependence of raw 

material prices on natural conditions. 

 
Stage 5. To evaluate the importance of the identified factors by 

groups: O – opportunities, T – threats, S – strengths, W – weaknesses, 
we will use the Fuzzy Extension of the Simplified Best-Worst Method 
(Fuzzy SBWM) [3, 11]. BWM was proposed by J. Rezaei [39, 40] for 
multi-criteria decision-making problems based on pairwise 
comparisons. In [20] and [21] this method was extended for the theory 
of fuzzy sets mainly using triangular fuzzy numbers and in [19] – for 
group decision-making.  

The illustration of its application for a set of factors in the general 

case is provided }...;;;{ 21 mFFFF  . It should be noted that the 

Fuzzy SBWM procedure involves the use of two approaches: the 
“best” approach and the “worst” approach, the results of which are 
combined to determine the integral values of the importance of the 
studied factors (Fig. 4). 

Step 1. Determination of the most important (“best”) and least 
important (“worst”) factors for each direction of analysis should be 
carried out based on reaching a consensus by a group of experts. In 

the general case they are denoted as follows: bestF  and worstF . 
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Step 1. Identification of the most favorable 

factor (best factor) 

 

 

 

 

Step 1. Identification of the least preferred 

factor (worst factor) 

Step 3: 

a) calculation of the fuzzy value of the 

weight coefficient of the best factor 

Step 3: 

a) calculation of the fuzzy value of the 

weight coefficient of the worst factor 

b
) 

co
n

v
er

si
o

n
 o

f 
li

n
g

u
is

ti
c 

es
ti

m
at

es
 i

n
to

 f
u

zz
y

 t
ri

an
g

u
la

r 

n
u

m
b

er
s 

b
) 

co
n

v
er

si
o

n
 o

f 
li

n
g

u
is

ti
c 

es
ti

m
at

es
 i

n
to

 f
u

zz
y

 t
ri

an
g

u
la

r 

n
u

m
b

er
s 

b) calculation of fuzzy values of weight 

coefficients of other factors (best approach) 

b) calculation of fuzzy weight values 

coefficients of other factors (worst approach) 

Step 4. Determination of fuzzy values of factor weights based on best- and worst-

approaches 

«Вest»- approach 

 

 

 

 

 

«Worst»- approach 

Step 2: 

 

 

 

Step 2:  

 

 

 

 

 

Fig. 4. Scheme of application of the F-SBWM method for determining 
importance weight coefficients of SWOT factors 

 
Step 2. The first consideration is the “best” approach, which is 

proceeded with the following steps: 
a) linguistic evaluation by each of K experts of the importance 

(priority) of the “best” factor compared to each of the other factors 
using the terms listed in the Table 3. This will result in linguistic 

assessments best

jkL  ( mj ,1 , Kk ,1 ); 

b) transfer of received grades best

jkL  into the corresponding fuzzy 

triangular numbers (Fig. 5) according to the scale of the Table 3 in the 

form: );;(~ best

jk

best

jk

best

jk

best

jka  , mj ,1 , Kk ,1 .  
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Table 3 

LINGUISTIC TERMS FOR ASSESSING THE IMPORTANCE OF FACTORS AND CORRESPONDING 

FUZZY NUMBERS IN THE TRIANGULAR FORM [39] 

Linguistic terms for evaluating the 
importance of factors 

Marking Fuzzy form 

Equally EI (1; 1; 1) 

Weakly WI (1; 2; 3) 

Moderate MI (2; 3; 4) 

Moderate plus MP (3; 4; 5) 

Strong SI (4; 5; 6) 

Strong plus SP (5; 6; 7) 

Very strong VS (6; 7; 8) 

Extreme EX (7; 8; 9) 

 
 
1 

0 1 2 3 4 5 6 

EI WI МI MP SI SP VS 

7 8 9 

EX 

 )(x  

 

Fig. 5. Membership functions for linguistic terms [39] 

The “worst” approach in step 2 is carried out by the way: 
a) linguistic evaluation by each of K experts of the importance 

(priority) of each of the factors compared to the least important factor 

(worst factor) using the terms listed in the Table 3 (result: worst

jkL , 

mj ,1 ; Kk ,1 ) and 

b) transfer of received grades worst

jkL  into corresponding fuzzy 

triangular numbers according to the scale of the Table 3 in the form 

);;(~ worst

jk

worst

jk

worst

jk

worst

jka  , mj ,1 , Kk ,1 .  
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Step 3 calculates the fuzzy importance values of each factor of the 

“best” approach in the form );;(~ best

jk

best

jk

best

jk

best

jk zyxw  , mj ,1 , 

Kk ,1 . 

To do this:  

a) the importance (priority) of the “best” factor 
best

Bkw~ is first 

calculated using equation (10):  

1~
~

1

1
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);;( best

Bk

best

Bk

best

Bk zyx , Kk ,1 .   (11) 

b) further, since ratios must be satisfied  

0~~)(~  best

jk

best

jk

best

Bk waw ,   (12) 
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then for arbitrary mj ,1   





);;(

);;(
~

~

best
jk

best
jk

best
jk

best

Bk

best

Bk

best

Bk

best
jk

Bkbest
jk

zyx

a

w
w  

);;(;; best

jk

best

jk

best

jkbest

jk

best

Bk

best

jk

best

Bk

best

jk

best

Bk zyx
zyx

















 .  (13) 

For the “worst” approach in step 3 the fuzzy importance values of 

each factor in the form );;(~ worst

jk

worst

jk

worst

jk

worst

jk zyxw  , mj ,1 , 

Kk ,1 , are calculated. For this: 

a) first, the importance 
worst
Wkw~  of the “worst” factor is calculated 

from the equation:  

1~~

1














worst
Wk

worst
jk

m

j

wa , Kk ,1 .  (14) 

So, 
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1
 

);;( worst

Wk

worst

Wk

worst

Wk zyx , Kk ,1 .    (15) 

b) further, by substituting the weighting factor of the least 
important factor (15) into equation (16), it is possible to calculate the 
weighting factors of other factors (17). 
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0~~)(~  worst

Wk

worst

jk

worst

jk waw , for arbitrary mj ,1 . (16) 

 );;();;(~~~ worst

Wk

worst

Wk

worst

Wk

worst
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worst
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worst
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jk zyxwaw  

);;();;( worst
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worst
Wk

worst
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worst
Wk

worst
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worst
Wk

worst
jk zyxzyx  . (17) 

Step 4. Fuzzy values of factor weighting coefficients are 
calculated as the arithmetic mean of fuzzy values of weighting 
coefficients obtained based on the best and worst approaches: 

 ));;();;((
2

1
)~~(

2
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
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);(
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jk zzyyxx  

);;( jkjkjk zyx .   (18) 

To check the consistency of the evaluations of each expert, the 

coefficient kCR  can be used, which is calculated from the ratio:  











 



2

1

)~)(~( worst
jk

best
jk

m

j
k wwdefCR ,   (19) 

or the total deviation coefficient according to formula [3]: 
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jkworst

jk

jk

best

Bkbest

jk

m

j

k
w

w
a

w

w
adefTD . (20) 

If the values of the calculated coefficients are significant enough, 
experts need to revise their estimates of superiority in pairwise 
comparisons to reach an acceptable range for these coefficients. 

The weighting coefficients of the factors by directions are denoted, 
that are calculated based on the estimates of each expert O, T, S, W in 
accordance:  
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);;(~ O
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O
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O
jk zyxw  , );;(~ T
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T
jk zyxw  ,  

);;(~ S
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S
jk

S
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S
jk zyxw  , );;(~ W

jk
W
jk

W
jk

W
jk zyxw  . 

At stage 6, the group consistency of experts’ assessments is 
checked based on the calculation of concordance coefficients for each 
area of analysis. In the case of a significant difference between these 
estimates, the fuzzy Delphi method [7] can be applied. 

Stage 7. In the case of satisfactory consistency of experts’ 
assessments, the aggregation of factor weights is carried out according 
to the following formulas: 
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For further application of the received values of the weighting 
coefficients of the factors by directions O, T, S, W the defuzzified by 

formula (9) values defO

jw )~( , defT

jw )~( , defS

jw )~( , defW

jw )~(  can be used. 

At stage 8, the strategic alternatives determined at stage 3 are eva-

luated is , ni ,1 , according to the criteria, which are SWOT factors: 

a) to what extent it enables the enterprise to use opportunities  

( O

m

OO
OFFF ...;;; 21 ) generated by the external environment; 

b) to what extent it makes it possible to respond to threats and 

reduce their impact (
T

m

TT
TFFF ...;;; 21 ) on the enterprise; 

c) to what extent it contributes to the improvement and further con-

solidation of existing strengths (
S

m

SS
SFFF ...;;; 21 ) for the enterprise; 
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d) to what extent it enables the elimination of weaknesses  

(
W

m

WW
WFFF ...;;; 21 ) for the enterprise. 

For evaluating the level of strategic alternatives is , ni ,1 , 

according to SWOT criteria, the following set of terms is used:  

TS {Extremely Low (EL), Very Low (VL); Low (L); Medium (М); 
High (Н); Very High (VН), Extremely High (EH)}.  

Fuzzy numbers give the semantics of terms on the interval ]6;0[  

(Fig. 6) with corresponding membership functions and fuzzy numbers 

in triangular representation: EL: )1;0;0( ; VL: )2;1;0( ; L: )3;2;1( ; 

М: )4;3;2( ; Н: )5;4;3( ; VН: )6;5;4( ; ЕН: )6;6;5( . 
 

 
1 

0 1 2 3 4 5 6 

VL L М H VH EH EL 

 

Fig. 6. Membership functions of the terms of assessment  
the level of strategic alternatives 

So, O

ijkL , T

ijkL , S

ijkL , W

ijkL  are the linguistic evaluations by the k -th 

expert of the i -th strategic alternative according to the j -factor of the 

corresponding direction of analysis. 
Estimates are transformed using a triangular form of representation: 

O
ijkL );;(

~  ijkijkijkijk OOOO ;  

T
ijkL );;(

~  ijkijkijkijk TTTT ; 

S
ijkL );;(

~  ijkijkijkijk SSSS ;  

W
ijkL );;(

~  ijkijkijkijk WWWW . 
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Stage 9 checks the group consistency of expert evaluations of 
strategic alternatives based on calculating concordance coefficients 
for each line of analysis. If necessary, as in stage 6, the procedure of 
the Fuzzy Delphi method can be applied. 

Stage 10. Aggregation of the obtained fuzzy estimates of experts is 
carried out according to the following formulas: 
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Next, using the Fuzzy SAW method, the integral values of 
strategic alternatives for each direction of analysis are calculated: 
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Stage 11. All strategic alternatives are positioned on the matrices 
according to the criteria O – T and S – W (Fig. 7). To consider 
different levels of uncertainty (“refinement of the obtained fuzzy 
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estimates”), it is possible to use the  -section of a fuzzy number [33]. 

Note that if a given fuzzy number ),,(~ cbau  , its  -section is 

determined as follows ))1(,,)1((~ bcbbau  ).  
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Fig. 7. Fuzzy matrixes for the evaluation of strategic alternatives 

Fig. 8 shows an example of the construction of fuzzy evaluation 
matrices [6] of strategic alternatives according to the generalized 
criteria O – T and S – W.  
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Fig. 8. An example of constructing fuzzy matrices for evaluating strategic 
alternatives according to the O – T and S – W criteria 
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Stage 12. The superposition of fuzzy matrices (O – T) and (S – W) 
is carried out by “superimposing” one matrix on another and 
considering possible combinations of “placements” of strategic 
recommendations in them. Further, experts should be involved in 
forming production rules for stratifying strategic alternatives, who 
should develop the conditions for belonging strategic alternatives to a 

particular stratum ( 1Str , 2Str , ..., pStr ). An example of expert 

construction of such production rules is given below: 
 

11 SWsandOTsif ii   

1Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 1221   

    )()( 1661 SWsandOTsorSWsandOTs iiii    

2Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 2662   

    orSWsandOTsorSWsandOTs iiii )()( 2552    

    )()( 1551 SWsandOTsorSWsandOTs iiii    

3Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 1331   

    )()( 1771 SWsandOTsorSWsandOTs iiii   

4Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 1441   

    orSWsandOTsorSWsandOTs iiii )()( 1881   

    orSWsandOTsorSWsandOTs iiii )()( 2332   

    orSWsandOTsorSWsandOTs iiii )()( 6776    

                                                )( 55 SWsandOTs ii    

5Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 2442   

    orSWsandOTsorSWsandOTs iiii )()( 6886   
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    orSWsandOTsorSWsandOTs iiii )()( 5335   

    orSWsandOTsorSWsandOTs iiii )()( 5775   

    )()( 1991 SWsandOTsorSWsandOTs iiii    

6Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 5445   

    orSWsandOTsorSWsandOTs iiii )()( 5885   

    orSWsandOTsorSWsandOTs iiii )()( 2992   

    )()( 6996 SWsandOTsorSWsandOTs iiii    

7Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 3443   

    orSWsandOTsorSWsandOTs iiii )()( 7887   

    )()( 5995 SWsandOTsorSWsandOTs iiii   

8Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 3993   

    orSWsandOTsorSWsandOTs iiii )()( 7997   

    )()( 4884 SWsandOTsorSWsandOTs iiii   

9Strsthen i  ; 

orSWsandOTsorSWsandOTsif iiii )()( 4994   

    )()( 8998 SWsandOTsorSWsandOTs iiii    

10Strsthen i  ; 

99 SWsandOTsif ii    

11Strsthen i  . 

Regarding the implementation of this stage, next comments should 
be considered: 

1) when constructing production rules, the importance of each direc-
tion can be taken into account, which can be determined, for example, 
using the fuzzy SMART method, Fuzzy AHP or Fuzzy SBWM; 
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2) the given production rules can be written using the obtained 
membership functions of fuzzy estimates of strategic alternatives, and 
the stratification process can be easily automated; 

3) the number of strata can be determined depending on the task 
(select the best strategic alternative, the most important and other 
alternatives, etc.). 

Stage 13. Stratification of alternatives is carried out based on the 
application of developed production rules. In particular, for the case 
shown in Fig. 8, applying the above production rules, we get 8 strata: 

:1Str }{ 1s ; :2Str },{ 76 ss ; :3Str }{ 10s ; :4Str },,{ 1243 sss ; :5Str

}{ 2s ; :6Str },{ 115 ss ; :7Str }{ 9s ; :8Str }{ 8s . 

Note that the Fuzzy SAW method can be used for stratification 
(and ranking) of strategic alternatives based on the obtained fuzzy 

integral values iO
~

, iT
~

, iS
~

 and iW
~

 if the weighting coefficients of the 

generalized “criteria” are determined. Indeed, if Ow~ , Tw~ , Sw~  and Ww~

are their respective fuzzy weighting coefficients, then the fuzzy 

evaluation of the “priority” of the i-th ( ni ,1 ) strategic alternative is 

based on the formula: 

i

W

i

S

i

T

i

O

i WwSwTwOwsP
~~~~~~~~)(

~
 .   (33) 

This approach can be used to verify the results obtained by the 
basic model or, if necessary, to rank strategic alternatives. 

At stage 14, a strategy is selected for implementation at the 
enterprise, or a group of preferable alternatives is selected for 
consideration by top management. 

Let us make a few remarks about the validity of the proposed 
model, which is ensured by the use of verification procedures: 

1) reaching a consensus by the expert group regarding the selection 
of the best and worst factors for each direction of analysis; 

2) consistency of individual opinions of experts; 
3) consistency of group assessments of experts in the best and 

worst approaches for each direction of analysis; 
4) coherence of experts when evaluating strategic alternatives for 

each direction of analysis. 
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The framework has been developed in the Excel software 
application to implement the methodical approach, which contains the 
following main blocks (Fig. 9) and provides the possibility of 
simulation modelling depending on the input estimates of experts. 

 
 

4B  – check block 

(consistency of individual 
opinions of experts) 

1
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(expert linguistic 

information)  
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B  – transformation block 

(linguistic data 
in a form of fuzzy  
triangular numbers)  

3B  – calculation block 

(weighting factors 
for the best and 
worst approaches)  

5B  – check block 

(group coherence of  
experts’ opinions) 

TB1   

B
es

t 

W
o

rs
t 

SB1   

B
es

t 

W
o

rs
t 

WB1   

B
es

t 

W
o

rs
t 

OB1   

B
es

t 

W
o

rs
t 

sB1   

TB2   

B
es

t 

W
o

rs
t 

SB2   

B
es

t 

W
o

rs
t 

WB2   
B

es
t 

W
o

rs
t 

OB2   

B
es

t 

W
o

rs
t 

TB3   
B

es
t 

W
o

rs
t 

SB3   

B
es

t 

W
o

rs
t 

WB3   

B
es

t 

W
o

rs
t 

OB3   

B
es

t 

W
o

rs
t 

WB4   
OB4   TB4   

6B  – aggregation block 

(individual evaluations 
of experts) 

WB5   
OB5   TB5   

SB4   
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sB2   
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Fig. 9. Basic blocks of the framework for stratification of strategic  
alternatives of the enterprise 



Ne u ro - Fu zzy  M o de l i n g  Te c hn i q ue s  i n  E co n o m i cs  2022, VOL. 11 

152 

Conclusions and discussion 

The need to improve existing and develop new methodological 
approaches to strategic choice in the strategic planning of an enter-
prise is due to the ever-increasing turbulence, complexity, instability, 
uncertainty and ambiguity of the environment for its functioning since 
an unsuccessful choice of a strategic direction is costly for the 
company and, in the worst case, can lead to its bankruptcy. 
Problematic aspects of this process are the formation of a system of 
criteria for evaluating strategic alternatives, the fuzziness of expert 
assessments and, accordingly, the need to use fuzzy multi-criteria 
analysis tools to select strategies for implementation. This study uses 
the criteria of the classical quantitative matrix of strategic planning 
(SWOT-factors), to determine the weighting factors of which the 
Fuzzy Extension of the Simplified Best-Worst Method is applied. 
Model is based on expert linguistic assessments for certain term sets 
(8-level – to determine the importance of SWOT factors and 7-level – 
to evaluate strategic alternatives) with their subsequent transformation 
into fuzzy numbers with triangular membership functions. 

The second problem is proposed to be solved with the help of the 
Fuzzy SAW method (to determine fuzzy integral estimates of strategic 
alternatives in these areas) and fuzzy matrices “O – T” and “S – W”, 
in which developed strategic alternatives are positioned. Stratification 
of strategies for strategic choice is carried out based on the 
superposition of fuzzy matrices and the application of production 
rules of Mamdani fuzzy inference system developed by experts for the 
obtained integral fuzzy estimates of strategic alternatives. 

In order to facilitate calculations according to this approach, a 
framework has been developed in the Excel software application, 
which can be the basis for creating appropriate support systems for 
making strategic management decisions to identify the list of 
preferable strategic alternatives. 

Further research on the topic of the article can be aimed at 
improving individual stages of this methodological approach, in 
particular at: 

– formation of a list of criteria for evaluating strategic alternatives, 
taking into account their focus on achieving strategic goals; 
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– complex application of several calculation schemes for assessing 
weighting factors of evaluation criteria based on fuzzy methods of 
multi-criteria analysis (Fuzzy AHP, Fuzzy SMART); 

– optimization of parameters of the Mamdani fuzzy inference 
system on real data; 

– development of a strategic decision-making support system 
based on the proposed framework using Fuzzy Logic Toolbox, Fuzzy 
Control Design Toolbox, fuzzyTECH, etc. 
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