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Introduction

The modern stage of economic development is characterized by the presence of two
opposite tendencies: the intention of economic entities to cooperate and the isolation
of their economic activities. Latest trend is clearly manifested at the macro level in
the policy of some countries to protect national markets, and it prevents development
of interaction with foreign companies and destroys already established relations
increasing business entities risks and affecting the key factors of competitiveness
negatively: strategic positioning, operational positioning, efficiency, and innovation
potential (Kunin & Tarutko, 2018).

The following forms of business entities interaction are distinguished in the
theory and practice of economic activity: cooperation, coordination, and collabora-
tion. The theory of cooperation appeared in the nineteenth century (founders are
Ch. Fourier, R. Owen, W. King) and since then has repeatedly transformed in the
process of the economic environment, society and the state management changes
(Palladina & Voronina, 2014). The International Cooperative Alliance (ICA) defines
a cooperative as an autonomous association of persons united voluntarily to meet
their common economic, social, and cultural needs and aspirations through a jointly
owned and democratically controlled enterprise (International Cooperative Alliance,
2022). The differences between the terms of cooperation, coordination and collab-
oration are as follows:
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– coordination is the harmonization of joint work, combining of various parts or
groups into a single whole to achieve common goals of inter-organizational
relationships together (inter-organizational relationships—IOR) (Castañer &
Oliveira, 2020), while cooperation is a process of joint work of independent
economic entities to achieve a common (agreed) goal in the long term.

– collaboration means voluntary help others to achieve the common goal of the IOR
or a particular goal of the participant. Collaboration is usually strategic in nature
(Wankmüller & Reiner, 2020; Weaver, 2012).

The development of inter-organizational relationships processes is happening amid
the rapid spread of breakthrough digital technologies transforming the methods and
technologies of business doing (Makarov et al., 2020) and can become an important
tool for strengthening and expanding effective interaction of business entities.
Digital Transformation can be understood as the changes in all aspects of human
life due to digital technology (Stolterman & Fors, 2004). A study of scientific
publications on digital transformation shows the lack of a clear definition of digital
transformation areas (Van Veldhoven, 2021). It should be noted that the engine of
changes is innovation causing industrial revolutions.

In total, four industrial revolutions are identified by different features: the first
revolution is characterized by “mechanization”, the second revolution by “mass
production”, the third revolution by “computerization”, the fourth revolution is
characterized by “cyber-physical systems” and “Internet of Things” (Sikandar
et al., 2021). Industry 4.0 is a term to describe the changes due to the fourth industrial
revolution. This concept combines the strengths of traditional industries with cutting
edge internet technologies. It embraces a set of technologies that support effective
and accurate decision-making in real time through the introduction of various
Information and Communication Technologies and the convergence with the
existing manufacturing technologies (Schmidt et al., 2015). Digitalization represents
a paramount process started some decades ago, but which received a strong accel-
eration by Industry 4.0 and now directly impacts all the process and manufacturing
sectors (Branca et al., 2020). It is important to underline that digitalization is not a
simple transfer from “analogic” to digital data and documents. It is rather the
networking between the business processes, the creation of efficient interfaces, and
the integrated data exchange and management (Bogner et al., 2016).

This paper examines the peculiarities of modern digital technologies use for
effective business entities interaction and formulates the principal directions of
such high-tech interaction.

Digitalization transformed economic activity by dramatically reducing the cost of
data collecting, storing, and processing, and due to a significant increase in comput-
ing power (Wysokińska, 2021). The types of digital technologies proposed by
different authors is given as a comparison in Table 1.

The differences existing in the understanding of the areas of application and the
practical significance of various digital technologies, along with the importance of
developing the process of business entities interaction, determine the relevance of
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the research carried out in this article aimed at identifying the prospects of digital
technology use to improve the efficiency of economic entities interaction.

Materials and Methods

The methods of comparative analysis, synthesis, grouping, and fuzzy logic are used
in the article. Comparative analysis provides an opportunity to identify and group the
essential features of digital technologies in the process of interaction between
economic entities and to determine possible restrictions of their use.

The fuzzy logic method allows to obtain the probability distribution of digital
technology choice based on the distribution of fuzzy sets. The probability distribu-
tions of the choice of digital technology by risk accepting people and risk avoiding
people were obtained. The decision-making on the choice of digital technology by
decision-makers (subjects) is examined in the article.

Results

There is little systematization of digital technologies in scientific publications which
makes it difficult to determine their significant properties and areas of practical
application. The classification system of digital technologies proposed in this
paper is given in Table 2. This classification does not include information and
telecommunication digital technologies (chat bots, internet platforms, social net-
works etc.), since there is no doubt that they can be applied in the interaction of
business entities.

This authors’ classification is based on three criteria: the level of digital technol-
ogy specialization, the types of economic activity, the level of interaction between
business entities. The authors propose to distinguish general digital technologies that
can be applied as a basis for other technologies and special ones, limited by a certain
field of application. The application of the type of economic activity as the

Table 1 The types of digital technologies (DT)

The types of DT by C.Vite, R. Morbiducci: The types of DT by L.V. Tashenova etc.:

Autonomous robot
Simulations
Integrated systems
Internet of things
Cybersecurity
Cloud computing
Additive manufacturing
Augmented reality

Internet of things
Big data
Blockchain
Cyberphysical systems

Source: made by the authors based on (Vite & Morbiducci, 2021) and (Tashenova et al., 2019)
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classification criterion involves the use of digital technology in the interaction of
entities engaging the certain economic activity (production, commerce, provision of
services, performance of work). The level of interaction of economic entities pre-
supposes the allocation of the following levels: interaction between businesses;
interaction between business and consumer; the relationship between business and
government.

Cloud computing, big data, machine learning, blockchain, cyberphysical systems
are classified as general technologies in the article. It is possible to get mobile access
to big data stored on a digital platform or to machine learning tools with the help of
cloud computing. Cloud computing along with blockchain can be used for mobile
control of business processes implementation, the passage of transactions etc. Such
complex application of digital technologies is reasonable to recommend in practices
when implementing such form of interaction between business and the government
as public-private partnership (Kunin & Semenov, 2021). Some digital technologies
are special, for example, additive manufacturing, which is the process of joining
materials to make parts from 3D model data, usually layer upon layer, as opposed to
subtractive manufacturing and formative manufacturing methodologies (ISO/ASTM
52900-15, 2015).

Table 2 The classification of digital technologies

№

Digital
technology
name

Level of digital
technology
specialization

Types of
economic
activity

Level of interaction
between economic entities

1. Autonomous
robots

Special technology P; C; S; W B2B; В2С; В2G

2. Simulations Special technology S; W

3. Integrated
systems

Special technology P; C; S; W B2B; В2С; В2G

4. Internet of
things

Special technology P; C; S; W B2B; В2С

5. Cybersecurity Special technology P; C; S; W B2B; В2С; В2G
6. Cloud

computing
General technology P; C; S; W B2B; В2С; В2G

7. Additive
manufacturing

Special technology P B2B

8. Augmented
reality

Special technology C; S; W B2B; В2С

9. Big data General technology P; C; S; W B2B; В2С
10. Machine

learning
General technology P; C; S; W

11. Blockchain General technology P; C; S; W B2B; В2С; В2G
12. Cyberphysical

systems
General technology P; C; S; W B2B; В2С; В2G

Source: made by the authors.* The types of economic activities: production (P), commerce (C),
provision of services (S), performance of work (W). The level of interaction between business
entities: Business to Business (B2B), Business to Consumer (B2C), Business to Government (B2G)
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The following digital technologies can be used in the interaction of economic
entities engaged in production, commerce, provision of services (works): autono-
mous robots, integrated systems, internet of things, cybersecurity, cloud computing,
big data, machine learning, blockchain, cyberphysical systems. The finished goods
that can be commercialized are not the result of simulator use. Therefore, the
possibility of using this technology should be considered in the interaction of entities
providing services or performing works. The use of additive technologies is possible
only in the interaction of industrial entrepreneurship entities. Entities operating in the
field of commercial entrepreneurship, providing services and performing works can
apply augmented reality. The authors of the article suppose that the application of
big data and machine learning is expensive, but large enterprises can usually afford
it. However, when large and small enterprises interact under the sub-contracting
scheme, the large enterprise (subcontractor) working together with small enterprises
can provide them with the necessary support in the use of digital technologies. At the
same time, big data and machine learning is equally important to apply in the field of
commerce, provision of services (performance of work) where business entities
carry out active interactions with the external environment which leads to the
generation of big data.

The use of additive manufacturing technology is possible in B2B interaction.
Internet of things, simulators are possible in the event of B2B and B2C interactions.
The rest of digital technologies can be applied at all levels of interaction between
economic entities: B2B; B2C; B2G.

An important consequence of digital technologies use in business entities inter-
action is the potential of significant efficiency increasing of economic activity and
the competitiveness of the participants of such interaction. The use of digital
technologies allows interacting subjects to increase labor productivity and the
quality of goods, services or works performed. This leads to revenue increase of
the interaction participants. Revenue increase can be accompanied by fixed costs
increase and will be effective if the growth rate of fixed costs is less than the critical
value determined by the following formula:

к critð Þ
f ¼ bc

f
� c� 1ð Þ, ð1Þ

where

к critð Þ
f —critical value of fixed costs growth rate.
b—revenue growth rate.
c—basic position determined by the ratio of revenue to revenue at the break-even

point.
f—a parameter determined by the change in the share of variable costs in revenue,

and equal to the ratio of marginal profit before and after the revenue change
(Kunin, 2015).
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If condition one (1) is met, it means that revenue growth is accompanied by sales
profit and economic profitability increase, therefore, the efficiency of economic
activity is going up.

Based on Fuzzy Logic Toolbox (MATLAB extension package for designing
fuzzy logic systems), an expert system can be developed that determines the
probability of digital technology choice by economic entity deciding of particular
digital technology to be used for interacting with other entities.

The following factor indicators are considered:

– the risk level of digital technology application.
– the profit from the digital technology use.

It should be noted that risk can appear because of management decision. (Strelnik,
2014). The resulting indicator is the probability of deciding on the digital technology
choice. The following assumptions are made:

– the range of factor indicators values is from 0 to 10 (where 0 is the minimum
value, 10 is the maximum value).

– the distribution of factor indicator function is normal.

The distributions of probability of digital technologies choice by a risk avoiding
person is presented in Fig. 1.

It should be noted that if the person making a decision on digital technology use
avoids taking risks, the probability of digital technology choice will be minimal with
high risk level of digital technology application, as well as with minimal values of
profit. As profit rises and risk level declines, the probability of choice of a given
digital technology grows.

The distributions of probability of digital technologies choice by a risk accepting
person is shown in Fig. 2.

If the decision maker accepts risk, the probability of digital technology choice
will grows in proportion to rising profits from the use of digital technology in order
to build relationships of interaction with other business entities, even if the risk level
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Fig. 1 The distributions of probability of digital technologies choice by a risk avoiding person.
Source: authors’ development
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of digital technology application rises. The probability of digital technology use
declines if the profit from the digital technology use decreases. The advantage of
fuzzy logic use in expert system consists in the universal validity of its application
and individuality in setting a type of the distribution of factor indicator, choice of
performance indicators and generation of selection rules used by the decision-maker.

Generation of databases on assessments of the probability of choice of a particular
digital technology for different scenarios of attitudes towards risk of decision makers
and subjects of different economic activities with different scales of economic
activity allows:

– to reveal the prospects of the digital technologies, use in business interaction.
– to determine key areas of technological support for such kind of interaction.

Discussions

The economic entities are increasingly using modern digital technologies in internal
business processes. At the same time, when several economic entities interact, the
barriers impeding the effective use of digital technologies for the development of
interaction may arise. The classification of digital technologies which makes it
possible to determine their properties in the case of their application in economic
entities interaction is presented in the article. Thus, it becomes possible to assess the
restrictions of the use of digital technologies proactively.

In this regard, the importance of the development of interaction technologies
based on the use of cloud technologies and low code platforms for wide access,
providing the relative ease of use and mobility of access should be emphasized. Such

00 11 22 33

Profit

P
ro
ba

bi
lit
y_

of
_U

se

44
55

66
77

10

2.5

3.5

4

4.5

5.5

6

6.5

7

7.5

5

3

88

Risk

99
10

Fig. 2 The distributions of probability of digital technologies choice by a risk accepting person.
Source: authors’ development
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platforms are able to provide the possibility of easy mobile access to digital services
and software products for a wide range of users of interacting organizations. They
can provide access to databases and software for their processing, including the use
of machine learning methods.

The digital technology choice depends on the criteria applied by a decision
maker. Apart from technology, digital transformation includes the activities of an
actor (for example, a manager) involved in promoting transformation processes
(Mikhaylova, 2019; Nadkarni & Prügl, 2021).

Today, the connection between cloud technologies and the internet of things is
possible which opens the possibility of combining classical artificial intelligence
with advanced approaches of machine learning (Alberternst et al., 2021).

There is the possibility of augmented reality technology use in commerce. The
application of augmented reality as exemplified by food and beverages allows:

• to track products in the supply chain helping to identify goods counterfeiting,
especially in international markets.

• to inform consumers about product characteristics (Penco et al., 2021).

Digital technologies have also become widespread in government management. For
example, since 2014, the concept of electronic residency (“e-Residency”) has been
implemented in Estonia. This concept implies the possibility for other countries
citizens to receive an e-resident ID card giving access to government services: online
registration of an e-business, opening of a bank account etc. Thus, the government
can expand its capabilities by attracting new residents - potential consumers of state
services (individuals and legal entities) (Mikhaylova, 2019).

The probability of digital technology choice in business entities interaction,
depending on two factors is considered in the article: the risk level of digital
technology implementation and profit from the digital technology use. The authors
admit the existence of other factors that can affect the digital technology choice in
economic entities interaction. For example: the required level of user competence;
the amount of investment required for digital technologies introduction; the possi-
bility of digital technologies use by all interacting subjects etc. Nevertheless, it is
possible to consider these parameters as additional variables in Fuzzy Logic Tool-
box, setting the appropriate distribution laws for their values, and get the probability
distribution for digital technology choice based on the criteria.

New technologies lead to changes in the factors of production which, in their turn,
can contribute to the emergence of new innovations. For future studies, the most
relevant option is to consider the evolution of digital technologies in the aspect of
economic systems transformation.
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Conclusion

The classification system presented in the article makes it possible to determine the
essential features of digital technologies use in of economic entities interaction in
accordance with the following criteria:

– the level of digital technology specialization.
– the types of economic activity.
– the level of interaction between economic entities.

There are restrictions of digital technology use in business entities interaction. The
use of fuzzy logic for the expert system makes it possible to determine the proba-
bility of decision making on the choice of digital technology in interacting with other
economic entities based on such factor indicators as the risk level of digital technol-
ogy application and profit from the digital technology use.

The use of digital technology is reasonable not only at the level of internal
business processes, but also in economic entities interaction. At the same time, the
complex application of digital technologies and cloud computing and low code
platforms aimed at providing easy mobile access for users of interacting entities,
helps to overcome the barriers and increase the efficiency of interaction between
economic entities with different scales of economic activity.
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